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0 EXECUTIVE SUMMARY 
 
The total losses, either technical or no technical, of the Kosovian electric power system are a 
most serious problem. According to the data of the KEK experts, the 2000 total losses were 
1332,6 GWh, this being 46,78% of the total electrical energy available for the system (more 
than the TPP Kosovo B production in 2000!). According to the estimation of the local experts, 
who collected data over the distribution areas, the total technical losses in the Kosovian 
distribution in 2000 would be 379.0 GWh. Technical losses of the majority of the 110/35/10 kV 
distribution transformers, i.e. 11.8 GWh - constant and variable losses - have not been taken into 
account for which reason this difference should be added to the distribution. Considering the 
above additional losses and expert judgement - reported in Module A - the technical losses of 
the entire distribution, i.e. the MV and LV networks, were 444.3 GWh, this being 15.5% of the 
total Kosovian available electrical energy. 
 
It should be well noted that the total losses, either non-technical or technical, have been 
recorded. Yet, it should not be forgotten that the illegal consumption in Kosovo is extremely 
high and under absolutely no-control. It is for this reason that it can only be estimated on the 
basis of an expert judgement. According to the local expert estimation, the share of the non-
technical losses in 2000 and. 2001, respectively, were some 27% and 30%. The technical losses 
- representing the difference between the recorded the total losses and the estimated non-
technical losses - were based on their estimation. In general, the deviations between the 
estimated and the actual losses depend mostly on the accuracy of the estimation given. Such 
estimation inaccuracy is not characteristic only for the Kosovian system. The reason why it is so 
considerable in the Kosovian case is the enormous share of the illegal consumption. This is why 
the minor deviations of the calculated from the estimated technical losses can be attributed to 
the inaccurate estimates and the illegal consumption.  
 
The loss increase tendency is found to be critical. Namely, according to the KEK estimate, total 
losses in 2001 increased to 47,3% of the total electrical energy available for the system. 
Compared to the 2000 state this means that the share of losses increased by 0,52%. 
 
Within Module D it was established that the share of the MV network losses in the overall 
distribution technical losses was 127 GWh, while the technical losses of the transmission 
network in 2000 were 72 GWh. The estimated total technical losses in 2000 were 516.4 GWh, 
i.e. 18% of the total available electricity in Kosovo. Following the above, the share of the illegal 
consumption is app. 29.3%, or some 840 GWh of the total electrical energy available for the 
system. The loss increase tendency is found to be critical. Namely, according to the KEK data 
the 2001 the share of the total losses is by 0.52% higher. Compared to the 2000 state, the total 
available electrical energy is increased by 8,5 %. This means that the total energy losses 
increased faster than the total electrical energy available for the system. The related 2001 peak 
load increased to attain 763 MW, this being almost 17%. 
 
Considering the extremely high technical losses highly entailing the Kosovian electric power 
system in the financial as well as in the operational sense, the principal task of the research done 
within “Module D - Reduction in Technical Power Losses in Transmission and Distribution” is 
to determine for individual voltage levels technical power and energy losses, define the main 
reason for their occurrence, specify their target still permissible values valid until 2015, and 
propose measures for their reduction. The study team took due consideration of realistic 
possibilities for having the target values attained. The technical loss analyses focusing on the 
period 2000-2015 are made on the basis of the input data about the existing transmission and 
distribution networks (MV) and transformation (provided by KEK), electricity demand (Module 
A), results of the study in the future development of the MV distribution (Module F) and 
transmission (Module C) network of Kosovo, transmission network of the neighboring electric 
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power systems and the UCTE interconnection (provided by the UCTE) as well as the generation 
system (Module B). Based on the study results, the most considerable measures are proposed 
aiming at having the technical energy losses gradually reduced by 5% - 7% until 2015. 

0.1 Main Conclusion: 

Based on the input data provided by Module A, Module F, Module C and Module B, our 
analysis of the current state of the distribution network (the 10 kV and 35 kV voltage levels), 
transmission network (the 400 kV, 220 kV and 110 kV) and typical low-voltage networks (400 
V), we draw the following conclusions:  
§ The level of the total technical losses which is - according to the 2000 data of local 

experts for the distribution areas and calculations made for the transmission network 
18% i.e. 516.4 GWh of the available electric energy, is absolutely intolerable. To 
provide for a comparison, let us remind ourselves that technical loss in advanced 
electric power systems and in the West-European countries range 6% - 8%. 

§ The most disturbing are the extremely high power and energy losses in distribution, 
particularly on the LV voltage level. If we take that the 2000 total technical losses were 
516.4 GWh – 72,2 GWh (2.5%) taking place in the transmission system and 127 GWh 
(4,4%) in the MV network – the LV network losses are 317.3 GWh (11,1%), this being 
app. 30% of the net 2000 import. These enormous distribution losses are resulting from 
the causes described here below. 

§ The number of the Kosovian supply sources, i.e. 110/MV, 35/10 kV and 10/0,4 kV 
substations, is small for which reason they are highly loaded (there are several instances 
where the transformer rated power is exceeded). The result of the high load and 
frequent overloading, particularly during the peak power intervals, are correspondingly 
high transformer winding losses. 

§ Speaking generally, the 110 kV network is not adequately designed. Its main drawback 
is inadequate looping and the fact that it is too weak to withstand the current load. The 
cross-section of some of the 110 kV lines is ACSR 150/25 mm2 and at the peak load 
they operate at their thermal limit. Some of the 110 kV lines whose cross-section is 
small are too long, the consequence being huge power or energy losses at their sections 
as well as considerable voltage drops. 

§ Incomparably more critical is the state on the MV level. Its 10 kV network is 
completely radial conceived and cross-sections of the highly loaded conductors are 
small. In rural areas, the lines having these small cross-sections are usually extremely 
long giving raises to enormous power losses and voltage drops (during peak load 
intervals they reach as much as 40%). 

§ On the 35 kV voltage levels, the reasons for the enormous power or energy losses are 
the same. The 35 kV network is too weak to withstand the current load for which reason 
it on average operates at its thermal limit. 

§ The characteristic feature for the Kosovian distribution network is that the major part of 
it consumers are connected to the LV network. This directly results in extremely high 
losses on this voltage level. 

§ A high share of the LV network technical losses must be attributed to illegal consumers. 
If we take into account only their proportional share, the illegal consumers direct 
contribution to the total technical losses is minimum 160 GWh or some 38%. Knowing 
that the variable technical losses being current quadrate-dependent, their share is in fact 
even higher. 

§ The result of the illegal connections to the LV network is lost symmetry of the three-
phase network, the final consequence being further increased losses as proven with 
measurements made on sample networks.  
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§ All the above facts are confirmed by the actual state of the Kosovian MV and LV 
networks reflecting itself in bad voltage conditions and breakdowns of several of the 
MV/0.4 kV transformers and LV network conductors due to the system overloading. 

0.2 Principal recommendations  

All technical loss analyses are made in close collaboration with Module C and Module F. 
Measures to be taken to efficiently improve the operational state - particularly in the light of 
assuring a higher supply reliability level, assurance of an adequate voltage profile, adequate 
loading of the transmission and distribution lines – are dealt with in detail within the above 
modules. 
 
By taking due consideration of the study results and the related recommendations, calculations 
of technical losses prove that along with the implementation of the proposed modernization 
measures and adoption of adequate concepts for the transmission and distribution network as 
well as for the transformation, the critical issue of excessive technical losses is solved, too. 
Speaking from the technical loss reduction perspective, we can therefore reaffirm that the 
proposed measures to be taken in the thirteen years to come lead towards the definite assurance 
of the targeted values set for the total loss reduction, i.e. 5% - 7%. Having the technical losses 
reduced beyond the technical measures proposed under Module F and in Module C, would in a 
relatively short period of time give rise to unrealistic expectations. Namely, they will necessitate 
a more intensive investment dynamics, which would economically be quite unjustifiable. 
 
Following the above, it is necessary to bear in mind that the major effects in the technical loss 
minimization will be attained in the LV network. Namely, the current illegal consumption, 
giving rise to the additional enormous voltage losses, will be – based on an adequate legislation 
– reduced to an acceptable level and the legalized connections would be implemented as 
appropriate and supported with any needed LV network reinforcement. There is no doubt that 
with quite radical measures enforced in the area of the national legislation combined with the 
proposed technical solutions, values above the targeted 5% - 7% can be achieved. Based on our 
analysis of the LV, MV, HV network transmission and distribution technical losses and 
transformation at all the voltage levels covering the period 2000–2015, we propose 
implementation of the measures foreseen with the MG and HG Scenarios. A detailed 
breakdown of technical power losses analyses in transmission and distribution of both scenarios 
is given in Chapter 9. 
 
Implementing the Module F and Module C technical measures combined with measures 
proposed for the LV network given here bellow, the total energy technical losses of the MG and 
HG scenarios focusing on the 2015 horizon would be relatively reduced by 5.6% (see Table 
01and Figure 01).  
 
If by 2015 the total technical losses were reduced by the optimistic 7% by adopting the same 
MV and HV network reinforcements, this would entail additional important funds to be invested 
into the large Kosovian LV network. Compared to the considered target value of 5.6%, this 
would allow for further loss decrease as foreseen in Table 2. As taught by the experiences 
gained by other distributions, the decrease in the LV network losses is a much time consuming 
process. It should be well born in mind that LV networks are as a rule very large thus entailing 
enormous commitments, being either technical or financial. Following the above, our position is 
that the proposed 4.6% (MGS) and 4.5% (HGS) total reduction in technical losses in 
distribution is realistic provided that the proposed investments follow the dynamics of Module 
F.  
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Considering the general state of the Kosovian electric power system and the investment priority, 
it is not realistic to expect the total technical losses to be reduced by 2015 by more than 5.6%. 
Following the past Slovenian experience, it has taken more than 15 years of an intensive 
investing in the distribution and transmission networks to achieve the 5% reduction in the total 
technical losses. Our position consequently is that the electricity demand forecast (Module A) 
based on the planned 5% reduction in the total energy losses is quite appropriate.  
 

Table 0.1: Total energy technical losses – MG and HG scenario no gas 
Reduction in Technical Losses - 5.6%                                (MG Scenario - no gas) 

Year 2000 2005 2010 2015 Reduction 

MG Scenario ∆W ∆W/W ∆W ∆W/W ∆W ∆W/W ∆W ∆W/W in 

Voltage level (GWh) % (GWh) % (GWh) % (GWh) % 2000-2015 

Transmission 72.2 2.5% 72.9 2.0% 77.8 1.8% 76.6 1.5% -1.0% 

Distribution 444.3 15.5% 490.1 13.7% 499.0 11.7% 558.9 10.9% -4.6% 

Sum?? W 516.4 18.0% 563.0 15.7% 576.8 13.5% 635.5 12.4% -5.6% 

Total W 2869.1   3586.1   4272.3   5137.3     

Reduction in Technical Losses - 5.6%                                   (HG Scenario - no gas) 

Year 2000 2005 2010 2015 Reduction 

HG Scenario ∆W ∆W/W ∆W ∆W/W ∆W ∆W/W ∆W ∆W/W in 

Voltage level (GWh) % (GWh) % (GWh) % (GWh) % 2000-2015 

Transmission 72.2 2.5% 73.3 1.9% 88.3 1.8% 91.0 1.4% -1.1% 

Distribution 444.3 15.5% 518.5 13.8% 585.1 11.7% 717.3 11.0% -4.5% 

Sum?? W 516.4 18.0% 591.8 15.7% 673.4 13.5% 808.3 12.4%       -5.6% 

Total W 2869.1   3769.4   4987.9   6518.5     

 
 

Figure 01: Relative technical losses reduction in the period 2002-2015 
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Table 0.2: Aditional reduction in total technical losses – comparison of target values 7%-5.6% 

 
While taking into account the outcomes of analysis of technical losses and their reduction in the 
period 2000-2015, the rough estimation of the costs of technical losses has also been made. The 
estimation was based on the assumptions about the highest price for electricity; i.e. 7 
US$c/kWh, realisation of suggested investments and other measures in the system and energy 
consumption (which is assumed to be in the range of the electricity demand scenarios). The 
main purpose of this analysis is to bring attention to the problem of extremely high losses in the 
network also on the base of costs and financial indicators and to evaluate the proper and 
justified level of the reduction in technical losses. Annual levels of the technical losses costs 
according to the MGS scenario are  presented in Figure 2. Detail description and analysis are 
given in Annex 2. 

Figure 02: Annual technical losses costs in the Kosovian electric power system 
 
0.2.1 Transmission network technical losses 

Whenever dealing with technical losses in any, not just in the transmission network, the power 
and energy losses are equally considerable. Our task is always pursuance of the target of having 
technical losses minimized to their lowest possible level. It should never be forgotten that the 
result of any increase in the power losses in a network is further loading of the system elements, 
consequently giving rise to increased voltage drops. On the other hand, higher losses necessitate 
a higher rate of the generation sources commitment, which in other words means a higher 
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installed power. There is a correlation between the power and energy losses over operational (T) 
or loss (T?) hours being defined with an empiric expression. In our loss calculations, we took 
into account all the network elements with their actual parameters “no ideally” affecting the loss 
level. 
 
Our analysis of the transmission network technical losses are calculations of the power losses 
?P contracted during the peak load intervals, at the time of which the power losses are the 
highest. The distribution network power loss can be relatively easily calculated and sufficiently 
accurately for any operational state. This is due to the fact that accuracy is above all dependent 
on appropriate consideration of the system element parameters, load distribution over 
consumption nodes, generation system operation and knowledge of the power exchanges over 
interconnection lines. 
 
The computational procedure aiming at having the energy losses determined with a sufficient 
accuracy is a greater problem. There are several methods allowing for the calculation of 
technical energy losses. The method having distinguished itself most worldwide is based on the 
typical consumption daily diagram. This method takes into account the correlation between the 
power and energy losses. Knowing that the power supply reductions in the Kosovian electric 
power system are quite frequent, for which reason the daily demand meeting diagrams are much 
affected - particularly on the MV and LV voltage levels - it cannot be said that the diagrams for 
the base year 2000 take an absolutely typical form. All the following calculations made for the 
period extending up to 2015 are based on the assumption that the electric power system state 
will improve, this being, of course, the target of the overall project. In this way the form of the 
daily demand meeting diagram will come very close to the form of the typical diagram. Taking 
due regard to the above assumptions, our calculations of the transmission network technical 
energy losses ?W are in the continuation of this study calculated with the above mentioned 
standard method for which the following expression applies: 

∆W = ∆P•T∆ 

A more detailed explanation of this method is given in Chapter 8. 
 
The operational hours for the observed MG-no gas and HG-no gas scenarios were obtained 
from the results of Module A (Chapter 6.5 Power Forecast). The hours vary with the years 
analyzed. In our calculations of the relative energy losses for the two observed relevant 
scenarios for the transmission system, we relied on the results of Module A.  
 
Peak load power losses are calculated with the simulation AC load-flow simulation program. 
They were calculated for normal operational states with the connected network. In our 
calculations we took into account the real transmission network with all its parameters of any of 
the voltage levels (400 kV, 220 kV and 110 kV). For the future periods 2005, 2010 and 2015 we 
took into account - in close collaboration with Modules F, C and B - loads for individual 110 kV 
nodes and new installations as planned in compliance with the distribution, transmission and 
generation system development targets. Our calculations made for each of the two relevant 
scenarios cover – at an equal dynamics and mode of commissioning – all the new 110/MV, 
220/110 kV or 400/110 kV SS, transformation reinforcement for the existing 400/220 kV and 
220/110 kV SS, and new 110 kV and 400 kV lines. Speaking from the technical as well as the 
economical point of view, Module C elaborates Variant 1 as the most convenient strategy of the 
transmission system development. This is taken into consideration in technical loss calculations. 
A comparison made for the Module C calculations gave equal results. We also made additional 
technical loss calculations in which we took into consideration the possibility of adapting the 
existing 220 kV lines (Kosovo A – Skopje (FYROM) into the 110 kV lines and their connection 
into a Ferizaj (Bibaj) 110 kV switchyard. It is for this reason that within the frame of this 
module they are represented just for the benefit of the technical loss comparison and to have 
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them studied as a feasible possibility. This option depends on the ECM decision that will be 
taken after they have clarified their long-term plans how to operate the 220 kV lines. 
 
In our calculations of the Kosovian transmission network technical losses for the period 2000-
2015 we took due regard to the losses of: 

§ 400/220 kV TR,  
§ 220/110 kV TR, 
§ 400/110 kV TR, 
§ 220/35 kV (Ferronikel and Podujevo) TR 
§ 220/20 kV (Podujevo) TR 
§ 400 kV lines, 
§ 220 kV lines, 
§ 110 kV lines. 

 
The Kosovian 400 kV and 220 kV transmission network is relatively solidly constructed and its 
transmission capacity meets the load demand sufficiently. One of its major constraints is the 
400/220 kV transformations at the Kosovo B TPP and the 220/110 kV transformations at the 
Kosovo A TPP. Installation of a third 400/220 kV TR, 400 MVA at the Kosovo B TPP and the 
missing 220/110 TR, 150 MVA at the Kosovo A TPP is already planned in 2002. 
 
The majority of the transformers are heavily loaded and their installed power does not satisfy 
the n-1 criterion. The 110 kV network configuration and design is inappropriate for supplying 
the 110/MV substations and its transmission capacity is in most cases too weak. Owing to its 
poor looping, it does not even meet the n-1 criterion, and the major part of its 110 kV lines, in 
particular those equipped with the ACSR 150/25 mm2 cross-section conductors, operate during 
the peak load intervals at the limit of their thermal rating and with enormous power losses and 
voltage drops. The situation is most critical in the Ferizaj - Gjilan and Peja regions.  
 
The most urgent measures to be taken according to Module C to allow for the weak operational 
state rehabilitation and to have power losses of the transmission network minimized are as 
follows: 

§ Construction of a new 400/110 kV Peja -III SS  by 2004-2005. 

§ Replacement of the ACSR 150/25 mm2 cross-section conductors with the ACSR 240/40 
mm2 cross-section conductors wherever this is necessary and feasible with regard to the 
construction of poles and bases, or construction of new 110 kV lines (their detailed list 
is reported in Module C). 

§ Construction of new 110 kV lines equipped with the ACSR 240/40 mm2 cross-section 
conductors to enable connection of new 110/MV SS and looping of the 110 kV 
network. In addition to the above, it will also be necessary to replace the too weak 
conductors installed over some 130 km of the current 110 kV lines. A detailed 
construction dynamics is given in Modules F and C. 

§ Adequate setting of taps changers of the existing and new 400/220 kV, 400/110 kV and 
220/110 kV transformers. These measures are supposed to considerably improve the 
voltage profiles, particularly on the 110 kV voltage level. Voltages of the 110 kV level 
should be as close as possible to their maximum values. With adequate regulation, the 
reactive power flow will be put on end too and at the same time the network losses will 
be considerably reduced. 

§ Whenever possible, new generation units will be connected to the 110 kV voltage level 
(reported in Module B). 
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All the measures involving investments will be implemented gradually. Realization of the new 
transmission facilities construction will mostly be conditioned with the dynamics of the 
operational issue solving (reliability, overloading, voltage conditions, network physical 
states...), which are for the transmission network more critical than losses. Solely the technical 
loss issue for which reason they are in this sense economically unjustifiable does not condition 
the planned investments, being in detail broken down in Modules F and C. The fact is that by 
implementing the above measures, all the described problems are solved at the same time 
together with technical losses.  
 
Table 03 provides for the two relevant electricity demand scenarios a review of technical power 
and energy losses in transmission and relative reduction in technical losses in the period 2000-
2015.  

Table 0.3: Relative reduction in technical losses in transmission 
MGS – no gas Reduction  HGS - no gas Reduction 

Year 2000 2005 2010 2015 2000/2015  Year 2000 2005 2010 2015 2000/2015 

? P (MW) 22.4 18.1 21.5 19.9    ? P (MW) 22,4 20,6 26,4 25,0   

? P/P (%) 3,4 2,5 2,3 1,8 1,6%  ? P/P (%) 3,4 2.5 2,3 1.7 1,7% 

? W (GWh) 72,2 72,9 77,8 76,6    ? W (GWh) 72,2 73,3 88,3 91,0   

?W/W (%) 2,5 2,0 1,8 1,5 1,0%  ?W/W (%) 2,5 1.9 1.8 1.4 1,1% 

 
All calculations of technical losses in period 2005-2015 are made for ideal electric power 
system operational state though in practice there is a series of unpredictable events met with 
(network sectioning due to damages and maintenance activities, sub optimal tap changer setting 
of TR and reactive power regulation, higher transit rate or import-export arrangements, etc.) 
giving rise to further losses during operation. This is the reason why losses obtained in practice 
generally are higher than the calculated ones. 

0.2.2 Distribution MV network technical losses  

The best method for the calculation of energy losses of large networks is the so called »standard 
method«. This method is based on power losses incurred during the peak load. The method 
assumes that daily demand meeting diagrams have a certain typical form. Considering the 
present state in Kosovo, there may be somobedy disapproving this assumption, yet it is 
nevertheless expected that  the current conditions will get normalised in the years to come. The 
performed pilot measurements showed that the demand meeting character considerably changes 
from one distribution area to the other.We therefore believe that the calculation with the overall 
distribution network and the method that is based on the peak load power losses assures better 
results than would be obtained by analysing  some characteristic parts of the network with the 
time dependent method and generalisation for the entire electric power system. As our loss 
calculations are made also for the foreseen future states of the distribution network, the 
approach we adopted is even more appropriate. 
 
The method adopted allows for the calculation of the annual energy losses as a product of power 
losses at a peak load and full hours of the annual energy losses. The peak load power losses 
were calculated with our simulation program GREDOS. All calculations are relied on a MV 
distribution network model most realistically representing conditions of a real network. In our 
calculations focusing on the future horizons (made in collaboration with Module F), we took 
into account the network development that we considered necessary to satisfy distirbution 
network planning criteria. All analysis are made considering  the foreseen load growth for the 
next 15 years. 
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The full hours of annual energy losses represent the fictive time at which equal losses would be 
obtained at the constant maximum load as would be obtained during the normal loss 
development. In our calculation of annual energy losses full hours we employed the empiric  
formula, the one that is being most used wordlwide. Operational hours were obtained from the 
results of Module A »Electricity Demand« (Table 8.6). Annual operational hours vary from one 
distribution area to the other and also with the years passing by. Compared to the base year, 
i.e.2000, at the end of the observed horizon, i.e. 2015, their variations over individual areas 
diminish considerably.  
 
In our calculations of relative energy losses over individual distribution networks, we took into 
consideration the »total energy consumption forecast at the regional level (MG - no gas 
scenario)« from the results of Module A »Electricity Demand« (Table 8.5). 
 
Our calculation of the Kosovian distribution network losses covers the following issues: 

§ 110/35 kV, 110/20 kV and 110/10 kV transformation losses 
§ 35 kV network losses 
§ 35/20 kV and 35/10 kV transformation losses  
§ 20 kV and 10 kV network losses 

The transformer losses include iron and copper losses, in other words load-independent 
(constant) and load- dependent (variable) losses. 
 
The main feature of the Kosovian MV distribution network is the small number of supply 
sources – the 110/35 kV substations each supplying  a certain number of the 35/10 kV 
substations. The 35 kV network is as a rule extremely loaded and there are several cases when 
at peak load intervals its thermal rating is exceeded. There are also some substations with a 
direct 110/10 kV transformation. The entire network operates on the 10 kV voltage level and is 
mostly equipped the Al/Fe 25 mm2 and 35 mm2 cross-section conductors. The 10 kV network is 
very much loaded, its feeders are extremely long and losses consequently high. We modelled 
also the distribution network of the town of Prishtina and within the distributio area of 
Mitrovica also the town of Mitrovica. Owing to shorter distances and the cable network, the 
losses in urban regions are much smaller than in the rural networks. 
 
The main measures to be taken to minimise losses are: 

§ Increasing the number of the supply sources (the 110 kV/MV substations) 
§ Abolition of the 35 kV voltage level and adoption of the direct 110/(20)10 kV 

transformation 
§ Reinforcement of the MV network (upgrading the condutor cross-sections, additional 

lines) 
§ Gradual transition on the 20 kV voltage level operation. 

As the implementation of the above measures would require enormous investment funds, a 
gradual approach to the related work should be taken and should also be properly harmonised 
with the dynamics at which load over individual regions would be developing. Being impossible 
to have these huge investments economically justified just for the reason of having losses 
minimised, the issue of losses shall have to be solved together with the solving of other 
distribution network issues (in particular overloading and bad voltage conditions). In our 
network development forecasting we consequently took into consideration the results of Module 
F (Power Distribution Master Plan), which proposes emergency measures allowing for the 
Kosovian MV distribution network development.  
 
By 2005, the most needed MV network reinforcement and construction of some of the most 
needed supply sources, i.e. 110/(20)10 kV substations, is to be completed. This period is 
followed by the phase in which the direct 110/(20)10 kV transformation, abolition of the 35 kV 
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voltage level and transition from  the 10 kV to the 20 kV operational voltage are to be gradually 
accomplished. The first notable loss minimisation will be assured with the construction of new 
supply sources with a direct transformation and the consequent downloading of some of the 
extremely loaded 35 kVlines on which high losses are currently occurring. 35 kV lines on which 
peak load power losses exceed 1 MW are absolutely not a rarity.  
 
The next considerable decrease in the MV network losses can be assured through transition on 
the 20 kV operational voltage. It is the very gain assured through the transition on the higher 
operational voltage that contributes most to power losses minimisation. This is due to the fact 
that losses are reversly proportional to the network rated voltages quadrates. By allowing for the 
transition from the 10 kV to the 20 kV operational voltage, the losses are reduced to one fourth 
of their former value. We must here again emphasise that the transition on the 20 kV voltage 
level cannot be economically justified just for the reason of having losses minimzed. Such 
transition is to be made in order to satisfy  network development technical criteria (targetting at 
the avoidance of overloading and excessive voltage drops) whereby loss minimsation is just an 
accompanying parallel beneficial technical-economic result. 
 
The usual configuration of the MV networks is the open loop configuartion. It is reasonable to 
allow for the loop disclosing at the section between two nodes in the loop in which the current 
at the closed loop is the smallest. This is at the same time the disclosing point that is from the 
loss point of view the optimal point. In our calculations we used the GREDOS simulation 
program, which has the optimal network disclosing function, viewed from the loss perspective 
(minimal loss criterion), inbuilt. The characteristic feature of the Kosovian MV networks is the 
fact that they are mostly radial, possibilities for any kind of oversupplying are minimal for 
which reason there is hardly any possibility for optimal disclosing to allow for loss 
minimization.   
 
To end with, the table Table 0.4 summarizes the peak load power losses and annual energy 
losses as occurring in the Kosovian MV distribution network in the period 2000 - 2015. In our 
calculations of relative power and energy losses we followed the MG – no gas scenario of the 
load growth and demand meeting, and at the end of this period we also followed the HG – no 
gas scenario. If the load growth develops according to the HG scenario, the 2010 load will be 
approximately the same as is the one forecast with the 2015 MG scenario. If this strategy is 
taken, the network shall have to develop at a more intensive dynamics.  This means that 
investments planned to be completed by 2007, shall have to be accomplished by 2005, and 
analogously, investments planned to be completed by 2015, shall have to be accomplished by 
2010. 

Table 0.4: Absolute and relative variations in the peak load power losses and annual energy 
losses in the Kosovian MV distribution  network according to the MGS and HGS 

Scenario Losses Year 2000 Year 2005 Year 2010 Year 2015 

? P (MW) 46.3 31.9 24.3 23.3 

? P/P (%) 7.4 4.3 2.8 2.3 

? W (GWh) 127 102 83 82 

MG 
no gas 

scenario 

? W/W (%) 4.8 3.1 2.1 1.7 

? P (MW) 46.3 33.9 23.1 31.6 

? P/P (%) 7.4 4.3 2.2 2.3 

? W (GWh) 127 107 80 107 

HG 
no gas 

scenario 

? W/W (%) 4.8 3.1 1.7 1.8 
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0.2.3 Distribution LV network technical losses  

The present study addresses the issue of technical losses incurred in the LV (0.38 kV) 
distribution networks and in the MV/0.38 kV transformers operating in the power distribution 
area of Kosovo. In the LV network, constant losses almost uniquely occur in distribution 
transformers and electric meters at the ratio of app. 7:1. The rest of the sources of the losses of 
the kind on the LV level are irrelevant. Replacement of the network elements due to constant 
losses is not reasonable, but it is strongly recommended to pay attention to the loss issue when 
considering the transformer replacement; a proper selection of new transformers can contribute 
to the loss minimization (a reliable reference for efficient transformer selection are DIN 
standards) of the rate of 1/3 or even 1/2 as compared to the current state which is within this 
study being treated as the average of the distribution transformers in the territory of former 
Yugoslavia. Based on the 2000 consumption data, the constant distribution transformer losses 
(“average” distribution transformers in the territory of the former Yugoslavia) are estimated at 
some 1.4% of the consumed energy in Kosovo. By employing economizing transformers of the 
DIN type, it will be possible to save app. 0.7% of the consumed energy. The estimated value of 
the electric meter losses is 0.2% of the consumed energy. 
 
Owing to the above-mentioned frequent reductions in the power supply-taking place in the 
observed period (estimated at 1/3 of the time of the observed period), it is reasonable to have 
these values recalculated for the time when the power supply was available. In such case, the 
percentile energy losses decreased for 1/3 and are thus app. 1% of the  "average" distribution 
transformers in the territory of the former Yugoslavia and app. 0.13% in the electric meters. If 
the DIN type transformers are used, their constant losses will be app. 0.5%. 
 
According to our calculations variable  energy losses of the distribution transformers are 
estimated at app. 0.43% of the energy used. The reason for such relatively low value is in the 
low used annual energy. Reductions are not taken into account. As such approach does not give 
us a complete picture of the actual state, we assumed that in the period for which data were 
made available to us power supply reductions were frequent (considering our discussions held 
with the local inhabitants, this assumption is realistic). Assuming that reductions were of the 
order of 1/3 of the overall observed period, the calculated variable losses for the distribution 
transformers are increased by app. 50% and in such cases are some 0.62%. This is app. 1/2 of 
the constant losses of the "average" MV/0.38 kV transformers in the territory of the former 
Yugoslavia or app. equal to the constant losses of the MV/0.38 kV DIN recommended 
transformers.  
 
Variable energy losses in the 0.38 kV network - A sample evaluation of losses and the analysis 
of the possibility for their reduction in the LV network was made on three typical configurations 
of the LV networks being proposed to us as reference networks by the local Kosovian experts as 
it is practically impossible to have the problem solved per details. Typical daily demand 
meeting diagrams for these networks were determined on the basis of several months lasting 
measurements of 15–minute averages of the active and reactive power flows over phases of the 
MV/0.38 kV transformer secondary. Based on these measurements we developed substitution 
demand meeting loss diagrams. Following the procedure described in Annex 4, we then 
simulated the consumption dynamics for the characteristic networks. In three observed cases the 
peak load was of the order of the thermal line and/or transformer rating. It should be 
remembered that with these calculations we intended to estimate the state and efficiency of 
individual measures to be taken for particular cases which local experts and inhabitants classify 
as being typical. It is not possible to average the obtained results uncritically for the entire 
region. It should be noted that due to the quadrate dependence, a minor deviation in the 
consumption could considerably change the loss state. 
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Results obtained with models showed that losses of the urban cable network do not cause 
problems and are of the order between 2.5% to 3.7% of the transmitted energy. This is unlike in 
the case of overhead lines, which are loaded up to their thermal rating. In this case the losses of 
networks with shorter lines are of the order of 10%, and in extreme cases of the rural areas even 
20%. Such a scenario is, with regard to the voltage conditions detected at the ends of the LV 
lines by local experts, quite frequent.  
 
If we make the situation even more critical and if we suppose that the major part of the 
consumption (at the same consumption value on the MV/0.38 kV distribution transformer 
secondary) takes place towards the end of the lines, the value obtained for the urban areas is 
app. 15%, and in the rural area even 28% of losses, this being by 30%-40% more than in case of 
the even load distribution. Such development of the situation is probable for the rural and 
suburb areas where new consumers get connected at the end of branches, as it is here that sites 
for new buildings are usually available. When considering adoption of new MV/0.38 kV 
transformer stations, it is important to know the location of the majority of consumers. It is 
recommended that at the end of branches the consumption should be the smallest. 
 
The reactive power compensation effect on losses is for the studied cases irrelevant. It is 
believed that with the future development in the field of trade (utilization of asynchronous 
motors) this share will become more important in particular in the suburb areas.  
The measurements detected quite an explicit asymmetry. While  in the case of ideal symmetry 
the loss decrease (compared to the non-symmetrized network) for the »normal« consumption 
distribution over phases was app. 6%, and the loss decrease at an explicit non-symmetry was 
due to symmetrizing even of the order of 40%. This means that an adequate connection of 
consumers among the phases, being a short-term measure not involving considerable investment 
funds, can considerably reduce the LV network losses in which consumers get connected 
unevenly with regard to the sequence of phases. The danger of such connecting mostly takes 
place where consumers are single -phase connected in sequence one after the other.  
 
Leveling of the daily demand meeting diagram with regard to the studied cases and 
measurements is not an efficient measure in loss reduction, which is of the order of 5% in the 
lower load season and less than 3% in the higher load season.  
Let us mention also that transition on the higher voltage level (from 0.38 kV to 0.4 kV), which 
at the equal transmitted power on the transformer secondary results in the loss minimization in 
the LV network of the order of app. 10% 
Table 0.5 gives a summary of the calculation results for the constant and variable transformer 
losses, while Table 0.6 gives a summary of calculations for all the three typical LV networks. 

 

Table 0.5: Constant and variable transformer losses 
 

Case 

Existing 
MV/0.38 kV TR 

[%] 

DIN 
MV/0.38 kV TR 

[%] 

Energy 
Meters 

[%] 

No-load losses 1.4 0.7 0.2 

Reductions  1 0.5 0.13 

Variable losses 0.43 - - 

Reductions  0.62 - - 

 

Table 0.6: LV network variable losses 
Network 
Model 

Urban  
Low season 

Urban  
High season 

Suburb  
Low season 

Suburb  
High season 

Rural  
Low season 

Rural  
High season 

 [%] [%] [%] [%] [%] [%] 
State 2.5 3.7 7.2 10.6 10.0 21.4 

 



E S T A P  –  K o s o v o  
Module D: Reduction in Technical Power Losses  

 Page 13   
  

 
 

1 INTRODUCTION 

Electricity transmission and distribution processes are, similarly as any other physical-technical 
process, coping with the issue of losses resulting from the known physical reasons. The nature 
of the electric power system is such that for its operation - similarly as for any other technical 
equipment or system - a certain quantity of electric energy is needed. The total amount of the 
energy needed for the system operation can be classified into non-technical and technical losses. 
Non-technical losses are a technical and economic notion that can practically not be covered 
with mathematical methods. They can only be estimated on the basis of the difference between 
the generated and sold electricity on one hand and calculated losses on the other hand. In the 
Kosovo electric power system the non-technical losses involve enormous share of electric 
energy losses resulting from illegal energy consumption.  
 
Following the above, the principal task of Module D is on one hand to determine for all the 
voltage levels the scope and the main reasons for the occurrence of technical losses, and on the 
other hand to propose measures aiming at their reduction so as to attain an acceptable level 
harmonised with the planned transmission and distribution network development. According to 
our study results, by 2015 these losses should be reduced at the level of 5% (realistic) - 7% 
(optimistic). 
 
The work was broken down into the following tasks: 

Collection of data on Kosovo transmission network in cooperation with Module C: 
  Based on the information provided by KEK  
Analysis of Kosovian transmission network development variants and UCTE Interconnection: 
  Analysis of Module C “Power Transmission Master Plan” in cooperation with KEK 
experts 
Analysis of collected data on Kosovo distribution MV network and development variants: 
  Analysis of Module F “Power Distribution Master Plan” and peak loads of 110/MV SS 
Collection of data on Kosovo distribution LV typical networks 
 Analysis of three typical LV network configurations, provided by local experts 
 Analysis of the measured daily demand meeting diagrams, provided by Module A 
Analysis of "Electricity demand" (Module A – V3/February 2002): 
  Analysis of Module A electricity consumption and peak power estimation at HV, MV and 
LV  
Analysis of “Least Cost Power Generation Investment Program Study” (Module B-V2/ March 
2002): 
 Analysis of the existing power generation and options for future power generating capacity 
Selection of methodologies for energy technical losses calculation: 
  Two different methodologies are chosen (HV/MV and LV network) 
Detailed analysis of technical losses on HV, MV and LV level: 

Selected methodologies are applied. Adequate measures for technical losses reduction are 
proposed. 

 
 
  

Module D Working Team is thankful to the numerous experts of the Power Company of 
Kosovo (KEK) for their cooperation and support.
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2 CHARACTERISTICS OF THE KOSOVIAN TRANSMISSION NETWORK  

The Kosovian transmission network operates on the following three voltage levels: 400 kV, 220 
kV and 110 kV. It is connected with the neighboring electric power systems of the FRY (Serbia 
and Montenegro), FYROM and Albany in the following way: 

• Kosovo B TPP - Ribarevina (Montenegro) 400 kV single line 
• Kosovo B TPP - Nis (FRY) 400 kV single line  
• Kosovo B TPP - Skopje (FYROM) 400 kV single line 
• Kosovo A TPP - Krusevac (FRY) 220 kV single line 
• Kosovo A TPP - Skopje (FYROM) 220 kV two single lines (damaged/disconnected) 
• Prizren-2 SS - Fierza (Albania) 220 kV single line 
• Vallac SS - Novi Pazar (FRY) 110 kV single line 
• Gjilani SS - Bujanovci (FRY) 110 kV single line 
• Sharr SS - Skopje (FYROM) 110 kV single line (not in operation) 

Until the 90th, the Kosovian electric power system was with its 400 kV and 220 kV lines 
connected over the entire transmission system of former Yugoslavia with the synchronous 
operation of the West-European interconnection UCTE (two 220 kV Kosovo A – Skopje lines 
were constructed mostly to supply the Skopje ironworks for which reason they were not given 
the character of interconnection lines). The 400 kV transmission network was adapted so as to 
meet the needs of huge generation units of the Kosovo B TPP and Kosovo A TPP whose 
generation surpluses were easily delivered over the adequately dimensioned 400 kV network to 
regions lacking power. All the 400 kV conductors are of the bundle type and of the ACSR 
2x490/65 mm2 cross-section. The 400 kV switchyards of Mostar (BiH) and Ernestinovo 
(Croatia) having been destroyed, connections towards UCTE were disabled and the Kosovian 
electric power system today parallel operates with the FRY, FYROM, Albany, Greece, Bulgaria 
and Rumania. The 400 kV and 220 kV network, safe for the above exceptions, are in operation 
and in the current difficult situation assure energy exchanges being limited all over the South-
Eastern Balkan region. No considerable transits are made over the 400 kV lines and no major 
changes can be expected in the near future. 
  
If the transmission network is on the highest voltage level adequately constructed, the 110 kV 
network is in the present situation – when Kosovo is meeting its peak load mostly with its own 
generation sources – inappropriate neither in the light of its concept nor its transmission 
capacity. It is being supplied only with three 220/110 kV SS: 150+100 MVA Kosovo A, 2x150 
MVA Prishtina-4 and 2x150 MVA Prizren-2 A bottle neck is at the 400/220 kV transformation, 
2x400 MVA at the Kosovo B TPP, over which the power from the 400 kV voltage level, either 
from the Kosovo B1 and B2 TPP generation units or from import, is transformed on the 220 kV 
voltage level and further on over the 220/110 kV transformation into the Kosovo A TPP, 
Prishtina-4 SS and Prizren-2 SS on the 110 kV voltage level to the 110/MV kV distribution SS. 
Owing to the fact that the Kosovian electric power system - the exception being the Kosovo B 
TPP, Kosovo A TPP and Ujmani HPP - has no other generation sources and that its generation 
units of the 400 kV or 220 kV voltage levels are concentrated in the distribution area of 
Prishtina, the relatively considerable power has to be carried over too weak lines (app. 65% of 
the lines are equipped with the ACSR 150/25 mm2 cross-section conductors). The operational 
state, characterized by considerable voltage drops and power losses, are most critical in the 
southeastern part (the area of Gjilani - Ferizaj) and in the area of Peja. The 110 kV network 
being also poorly looped, does not even satisfy the n-1 criterion during the majority of the 
operational states, and the major part of the 110 kV lines operate at the limit of their thermal 
rating and with high losses already during normal 653 MW peak load electric power system 
operation. A review of the existing transmission network lines with their pertaining parameters 
is given in Table 1.1 (Annex 2).  The Kosovian transmission network configuration and single -
phase diagram are shown in Figure 2.1 and Figure 2.2 respectively. 
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Figure 2.1 the current state of Kosovian transmission network 

 
3 THE 400 KV AND 220 KV NETWORK DEVELOPMENT 
 
The future development of the transmission network is first of all conditioned by the needs of the 
distribution for which it is planned that by 2015 the construction of a great number of new 110/MV SS 
- to be connected together with new 110 kV lines with the transmission network - will be completed. 
In our calculations of technical losses in transmission we considered the concept of HV network 
development prepared by experts of Module C and Module F in close cooperation with the KEK 
experts. In addition to the planned new 110 kV lines - to be presumably constructed with the ACSR 
240/45 mm2 cross-section conductors - it will be necessary to construct in the northwestern part of 
Kosovo - the area of Peja - a new EHV/HV Peja substation. Option 1A comprises a new 400/110 kV 
Peja III SS with 300+300 MVA transformer installed capacity and loop arrangement on the existing 
400 kV single-line Kosovo B - Ribarevina (Montenegro). Option 1B considered a new 220/110 kV SS 
- close to the existing distribution 110/35 kV Peja SS - with 2x150 MVA installed capacity connected 
into the 220 kV network through a new 220 kV single-line Gllogoci - Peja. 
 
In the southeastern part of Kosovo - the Ferizaj and Gjilan areas - two options of the network 
reinforcement were investigated. The option 2A comprises a new 400/110 kV Ferizaj II SS with 
(2)x300 MVA transformers. The 400/110 kV Ferizaj II SS would be looped into the 400 kV Kosovo B 
– Skopje (FYROM) line. The option 2B includes a new 220/110 kV SS Ferizaj II SS with 2x150 
MVA transformers looped into the existing 220 kV double-circuit line Kosovo A - Skopje (FYROM), 
6 km from the existing distribution 110/35 kV Bibaj (Ferizaj) SS.  
 
Considering the different options for the future network development, the following two main variants 
were compared from the economic point of view: 
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Variant 1 of the transmission network expansion based on development of two voltage levels: 400 kV 
and 110 kV (including  Option 1A and Option 2A) 

Variant 2 of transmission network expansion based on development of  the 400 kV, 220 kV and 110 
kV voltage levels (including Option 1B and Option 2B). 
 
The probabilistic reliability study of the transmission network development - investigated in Module C 
- leads to the conclusion that the most profitable reinforcement for the Kosovo transmission system are 
EHV/HV substations: 

• 400/110 kV Peja III substation with one transformer 300 MVA in the first phase (2005) and the 
second transformer 300 MVA installed capacity in 2015 (MG and HG Scenarios - no gas); 

• 400/110 kV Ferizaj II substation with one transformer 300 MVA in 2015 (MG Scenario - no gas) 
and 2x300 MVA (HG Scenario no gas). 

 
Our comparisons of different options for the future network development, made from technical and 
economic point of view, indicated the Variant 1 to be the most competitive development strategy till 
the horizon year 2015. The Variant 1 includes 400/110 kV Peja III SS (2004-5) and 400/110 kV 
Ferizaj II (2015) with 2x300 MVA final transformers installed capacity. The development strategy of 
this variant and the 110 kV network reinforcements in the period 2002-2015 are considered in 
calculations of technical losses in transmission in MG and HG scenario - no gas.  
 
With regard to the fact that in April 2002 KEK, ECM and EAR agreed to rehabilitate the two 220 kV 
Kosovo A - Skopje (FYROM) lines and the agreement reached between KEK and ECM, the possible 
adaptation of the two 220 kV lines into the 110 kV lines Kosovo A - Ferizaj (Bibaj) and Ferizaj - Sharr 
was considered. This option is feasible only if ECM does not clarify their long-term plans how to 
operate the two lines. In our analyses of technical losses we discussed it only for the purpose of 
enabling a comparison between the two different options.  
 
In 2002, it was already planned to install the 3rd transformer of 400/220 kV, 400 MVA at the  Kosovo 
B and the missing 220/110 kV, 150 MVA at Kosovo A  

The existing 400 kV and 220 kV power transformers are taken into account with the parameters that 
we obtained through collaboration with the local KEK experts. For new transformers – planned to be 
installed - we took into account parameters of more recent transformer types. Parameters relevant for 
the calculation of technical losses are given in the Table 1.2 (Annex 2). 
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Figure 2.2: Single-phase diagram of the Kosovian transmission network
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4 THE 110 KV NETWORK DEVELOPMENT AND ADOPTION OF NEW 110/MV SS 
 
The need of opening 20 (MGS) or 22 (HGS) new 110/MV SS and an intensive construction of the 110 
kV network, or reinforcement of the existing system, in the period 2002-2015 is due to the necessary 
measures proposed to be taken by Module F. Adoption of new 110/MV SS is taken into account in the 
same way as in Module F: 

2002 – 2005 2006 – 2010 2011 – 2015 
220/(35)20(10) kV Podujeve SS 110/20 kV Mazgit SS 110/20 kV Nova Berde SS 
110/20 kV Prishtina 6 SS 110/20 kV Fushe Kosovo SS 110/20(10) kV Mitrovice 1 SS 
110/20(10) kV Prishtina 5 SS 110/20 kV Malisheva SS 110/20(10) kV Skenderaj SS 
110/20(10) kV Peja 2 SS 110/20(10) kV Shtime SS 110/20 kV Kacanik SS 
110/20(10) kV Berivojce SS 110/20(10) kV Ferizaj SS 110/20 kV Shterpce SS 
110/20(10) kV Rahovec SS 110/20(10) kV Gjilani 5 SS 110/20 kV Drenash SS (HGS) 
110/20(10) kV Dragash SS  110/20 kV Leposaviq SS (HGS) 
110/20(10) kV Gjilani 4 SS 
110/20(10) kV Mitrovice 2 SS 

  

 
Perspective new 110/35kV SS in Kosovo in the period 2002-2015 are presented in Figure 4.1 
(prepared by Module F). 
 
To enable adoption of 20 new 110/MV kV SS in accordance with the MG scenario and to allow for an 
appropriate looping of the 110 kV network, it is necessary that by 2015 approximately 320 km of new 
110 kV lines are constructed, whereas according to the HG scenario for 22 new 110/MV kV SS 
approximately 400 km are needed. Moreover, for each 130 km of the 110 kV lines it will be necessary 
to replace the too weak ACSR 150/25 mm2 cross-section conductors with the ACSR 240/40 mm2 
cross-section conductors wherever this will turn out to be feasible with regard the construction and 
base of the poles. In the opposite case, the lines will have to be constructed completely a new. Our 
concept of the transmission network development was determined within collaboration among all the 
three modules, i.e. Module F, C and D. The new lines needed for being connected to the 110/MV SS 
in the period up to 2015 are given in Table 1.3 and Table 1.4 (Annex 2) 
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Figure 4.1: Perspective new 110/MV SS in Kosovo 2002-2015 
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5 DISTRIBUTION NETWORK DATA 
 
In our calculations of technical losses in distribution we considered the MV network model, prepared 
by experts of Module F. Detailed models of MV distribution networks by regions in the period 2002-
2015 are presented in Annex 3.  
 
In technical losses analysis in distribution LV network we considered eequivalent network models of 
typical urban, suburb and rural area. Detailed explanation is presented in Annex 4. 
 
 
6 ELECTRICITY CONSUMPTION AND PEAK POWER ESTIMATION  
 
The electricity consumption and peak power estimation review based on data of Module  A for MGS 
and HGS is given in Table 6.1 and Table 6.2. 
 

Table 6.1: Electricity and peak power forecast for MG Scenario – no gas 
 
 
 
 
 
 
 
 
 
 

Table 6.2: Electricity and peak power forecast for HG Scenario – no gas 

 
 
The load distribution over the 110/MV SS is taken from results of Module F or C, respectively. The 
110/MV SS load at the electric power system peak load is taken into account with the simultaneity 
factors and is resumed from the results of Module F or C. The load review for the two relevant 
scenarios is given in Table 1.5 - MGS and Table 1.6 –HGS (Annex 2). The overall distribution and 
transmission load, given in the tables, has to be added also the transmission system losses.  
 
 
7 ANALYSIS OF THE POWER GENERATION 
 
In calculations of the transmission network technical losses - which were made on the basis of the 
presented methodology – power losses were calculated for the peak load states. To meet the peak load, 
we took into consideration the results of the Least Cost Power Generation Study. The results obtained 
through the optimization process determined the generation units capable of meeting the planned 
system demands. Here it is foreseen that units A3, A4 and A5 of the Kosovo TPP and units B1and B2 

MG Scenario – no gas 2000 2005 2010 2015

Total Elec. Consumption [GWh] 2352,7 3001,6 3644,3 4469,5
Technical Losses (%) 18,0% 16,3% 14,7% 13,0%
Technical Losses  [GWh] 516,4 584,5 628,0 667,8
Total Demand  [GWh] 2869,1 3586,1 4272,3 5137,3
Peak Power [MW] HV level 653,0 749,0 890,0 1081,0
Load Factor 0.500 0.547 0.547 0.542

HG Scenario – no gas 2000 2005 2010 2015

Total Elec. Consumption [GWh] 2352,7 3155,0 4254,7 5671,1
Technical Losses (%) 18,0% 16,3% 14,7% 13,0%
Technical Losses  [GWh] 516,4 614,4 733,2 847,4
Total Demand  [GWh] 2869,1 3769,4 4987,9 6518,5
Peak Power [MW] HV level 653 796 1061 1424
Load Factor 0.5 0.541 0.537 0.522
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of the Kosovo B TPP would be rehabilitated, while after 2004 the A1 is abolished. According to the 
MG Scenario -no gas, by 2010 the peak load can be met with the own units of the Kosovo A TPP and 
the Kosovo B TPP as well as with the Ujmani HPP, whereas after 2010, the missing peak power of 
some 175 MW shall have to be assured either with new generation units or through import. In the MG 
scenario loss calculations, a new 120 MW gas oil-fired unit to be commissioned by 2013 is taken into 
account. By 2015, a new 69 MW gas oil-fired unit is to be constructed. Within this scenario, an 
emergency import of up to 150 MW is foreseen from the region for the period 2002-2015. 
 
The HG Scenario - no gas forecasts that the missing peak load on the level of some 185 MW shall 
have to assured already by 2009, and in the period 2012-2013 the rest of 330 MW shall have to be 
provided for. In compliance with the most recent results of Module B, similarly as in the MG Scenario 
(a new gas oil-fired unit) in our 2010 calculations the same unit is taken into account as well as 
emergency import of 150 MW from the region Until 2012 also a new 180 MW lignite-fired unit needs 
to be constructed, and by 2014 (the end of the observed period) also the Zur HPP. The latter cannot be 
taken into account in our calculations for 2011 –2014 since it only appears in 2014 and by that time 
the import of 125-145 MW will be needed to meet the peak load demand. If the Zur HPP is 
constructed, it will be connected to the 220/110 kV Prizren SS. Considering the current state and the 
planned development of the transmission network, the new gas oil-fired generation units shall 
absolutely have to connected to the 110 kV voltage level to one of the existing switchyards of the 
Kosovo A TPP or Prishtina-4, at which the 220/110 kV transformation is also installed. The power 
balances and review of the generation units considered in the two relevant scenarios are given in the 
Table 1.7 (Annex 2). 
 
The discussed potential sites for the eventual new generation units foreseen by the two relevant 
scenarios are not yet defined. It is for this reason that losses to be incurred until 2014 are calculated 
with consideration of import. We made a certain number of sensitivity analyses to determine the effect 
of the sites considered and the size of new generation units, or, the effect of the quantity of imported 
power on the transmission system. The conclusion of our investigation is that the differences in 
technical losses for the various sites of the generation units are of a marginal character having 
practically no effect on the total technical losses. 
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8 THE METHODOLOGICAL APPROACH TO DETERMINATION OF TECHNICAL 
LOSSES 

8.1 The electric power losses 

Basically, losses in the electric power transmission and distribution are divided into two groups: 
- Technical 

- Non-technical 

Non-technical losses can be evaluated on the basis of the difference between the generated and sold 
electricity on one hand and the calculated technical losses on the other hand. Important elements 
affecting evaluation of this category are: 

- measurement inaccuracy, 

- incorrect instrument reading, 

- energy meter failures and 

- illegal energy consumption. 

Module D is mostly concerned with technical losses resulting from the system element »non-ideality« 
their quantity depending on physical properties of the equipment used and on the environment in 
which they operate. Technical losses, which are released on the elements and are not small, are an 
unavoidable component in transmission and distribution contracted between the generation point and 
consumer. The latter additionally thereby shortens the element operational life, while on the other 
hand it dictates greater dimensioning of the generation, transmission and distribution system. 
Technical losses incurred over individual elements depend on various factors and their increase 
directly affects the primary energy consumption or results in a higher electricity generation cost, 
which of course should be kept as low as possible. 
 
There are two categories of technical losses: 

- Constant losses, i.e. load-independent losses and 

- ??Variable losses, i.e. load-dependent losses  

Constant losses are the result of the readiness state, i.e. presence of electric voltage on elements. The 
share of the constant losses in the total peak load losses is small. It should nevertheless be remembered 
that constant losses are load-independent and occur throughout the element operation. They can 
consequently considerable contribute to the total energy losses. Having the constant losses reduced, 
usually involves considerable investment funds. It is for this reason that it is economically irrational to 
consider replacement of particular elements as a decisive criterion in the loss minimization. It is by all 
means important to analyze this issue thoroughly at the time of the new equipment purchasing, when 
the decision has to be taken either to buy the classical or modern and to a some extent more expensive, 
yet, less energy-consuming equipment. There are some of the constant losses that can practically not 
be affected, or the measures with which they could be reduced are economically unjustified. Following 
the above, in our study they are treated as a constant.  
 
Constant losses are divided into the following groups: 

- transformer no-load losses 

- constant overhead line losses (isolator and corona) 

- constant cable losses (dielectric losses) 

- capacitor battery constant losses 

- constant losses of measurement transformers and instruments connected to them 
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- electric meter losses 

Constant losses are present all the time, this means 8760 hours a year (operational hours). The only 
problem affecting the calculation accuracy is determination of the scope of the power losses.  
Speaking generally, we can say that it is impossible to have the majority of constant losses under 
control, or, in other words, measures to be taken are unacceptable from the economic point of view. 

 

Variable losses are system load dependent and occur in any system element through which the electric 
current flows. They are current quadrate dependent and reflect themselves in the system element 
heating up. They are indirectly connected with the demand meeting diagram (daily, annual) and 
considering the available data and recommended methods they can be quite accurately calculated.  
With regard to the place of their occurrence, variable losses are divided into the following groups: 

- overhead lines and cable losses 

- power transformer losses 

- measurement instrument losses 

These losses could be calculated rather accurately if for each single element (consumer, line section) 
we had on-line data about the voltage and current applied and if we know for any single moment what 
is the individual consumer load. To sum up, accurate daily diagrams for each consumer would be 
needed. As for the enormously large networks, which the power networks are, this is quite impossible, 
we cannot but rely on particular assumptions and simplifications on one hand and experience methods 
developed for loss hours calculations on the other hand. The variable losses being current quadrate 
dependent, the surperposition methods are inappropriate. This is the reason why in practice we 
approach the issue of variable losses with methods based on experience equations. In our calculations 
of the transmission and distribution (MV) losses we used the »standard method«.  
 
An accurate calculation of losses for large networks (LV) is practically impossible. Namely, for such 
calculation we would need daily demand meeting diagrams for each consumer and an accurate 
configuration of the LV network. When modelled networks are used, with which we study in detail 
individual impacts on losses, detailed calculations can be reasonable, provided they are supported with 
measurements of daily diagrams for typical consumers. Calculations in which we take into account the 
actual curve of the daily consumption diagrams are termed the “time-dependent method”.  
 
In the continuation we present basic principle of calculations, i. e. the »standard method«, whereas the 
specific “time-dependent method” for LV network losses is presented in Annex 4. 

8.2 “Standard method” 

When dealing with large networks, power loss calculations are made with methods based on power 
losses incurred under peak loads. The method we used follows the assumption that daily demand 
meeting diagrams take a certain typical form. There may be somebody in Kosovo that would, under 
the present circumstances prevailing in Kosovo, oppose to this assumption. Yet, our position is that in 
the years to come the state will undoubtedly get normalised. The performed pilot measurements 
showed that the demand meeting character considerably differs from one region to the other. We 
therefore  believe that the calculation covering the overall distribution network and with the method 
that is based on peak load power losses assures better results than dealing with some (for instance 
three) characteristic cases of a part of the network with a time dependent method and averaging for the 
overall electric pwer system . This is particularly true because loss calculations will also be made for 
the future foreseeen states and will be one of the planning criteria for the distribution and also for the 
110 kV network development. This method is also employed all over Europe in the loss analysis 
studies. According to the standard method, the annual losses are calculated as: 

∆∆=∆ TPW . ............................................................................................(8.1) 
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where: 

∆W ........................annual losses  
∆P .........................power losses incurred during maximum loads  
T ∆ ........................ full hours of annual energy losses  

Annual energy losses full hours (T∆) represent a fictive time at which the same losses would be 
obtained during a constant maximum load as during the normal load development. This is in a way the 
matter of a certain type of operational hours; not for the load curve but for the load curve quadrate. In 
general, the following applies: 

2
MAX

8760

0

2d

S

tS
T

∫
=∆ .............................................................................................(8.2) 

where: 

S ...........................momentary power  
SMAX.......................annual peak power  
t............................. time 

It is for certain that in practice we cannot get the value T∆ in the above way since in general we do not 
know the load curve. There is quite a number of methods allowing for the determination of this value. 
In our study we employed the following empiric expression being widely used worldwide in recent 
years: 

T
T

T .
8760

83.017.0 





 +=∆ ....................................................................(8.3) 

where: 

T............................annual operational hours 

Operational hours T are obtained from the peak load, delivered energy (being measured) and average 
power factor. The following applies:  

 

( ) ϕ 
= 

cos .
c

MAX S 

W 
T .....................................................................................(8.4) 

where: 

W ..........................delivered annual energy (in MWh) 
ϕ angle between the apparent and active power 

 
In our calculations of annual energy losses in distribution MV network, we obtained annual 
operational hours (needed for the calcualtion of full hours of annual energy losses) from the results of 
Module A »Electricity Demand« Table 8.6. In calculations in transmission network, we considered 
operational hours from the results of Module A, Chapter 6.5. 
 
Annual operational hours differ from one region to the other and they also vary through the years. At 
the end of the observed period ending with 2015, they would differ from one region to the other less 
than in the base case focusing on 2000.  
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Power losses in distribution MV and transmission at the maximum load - being also needed for our 
calculations of annual energy losses – were obtained with the similation programs named GREDOS 
(MV network) and EKOTRA (HV network). In our calculations we took into account real 
transmission network development and models of individual MV networks respectively at a foreseen 
load growth until 2015.  

8.3 Calculation of distribution transformer variable losses 

Calculations of the transformer losses were made with the method based on the peak power. In 
general, the variable transformer losses can be described with the below equation: 

2







∆=∆

N

PEAK
CuNCuPEAK S

SPP .............................................................................(8.5) 

where: 

∆PCuPEAK ................ transformer variable losses at the peak load  
∆PCuN..................... transformer variable losses at the rated load 
SPEAK ..................... transformer peak load 
SN.......................... transformer rated power 

Energy losses are then calculated as follows: 

TRCuPEAKCu TPW ∆∆=∆ ...................................................................................(8.6) 

where: 

∆WCu ..................... transformer variable annual losses  
T ∆TR.......................................transformer annual energy loss full hours 

 
The described method is considered in stated simulation programs.  
 
 
 
9 DETAILED ANALYSIS OF TECHNICAL LOSSES  

 
A detailed analysis – given in the attached annexes - of technical losses in transmission, distribution 
MV and distribution LV network was made separately for each of the following voltage levels: 
 
§ Technical losses in transmission network and total losses – Annex 2 
§ Technical losses in the distribution MV network– Annex 3 
§ Technical losses in the distribution LV network – Annex 4 
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Distribution transformer no-load losses 
 

Table A.1a: 10/0.38 kV transformer no-load losses  

Type Power no-load 
power loss  

no-load 
energy loss 

no-load 
power loss  

no-load 
power loss 
compared to 

DIN 
     T=8760 h   
  [kVA] [W] [kWh/year] [% rated] [% DIN] 

1 2 3 4 6 7 

"Rade Koncar" 

R2TNp 8-10 5 92 806 1.84 -
2TNp-10-10 10 135 1183 1.35 -
2TNp 12-10 30 256 2243 0.85 -
2TNp 13-10 50 370 3241 0.74 296

2TNp 15-10 100 620 5431 0.62 295

2TNp 18-10 250 1550 13578 0.62 365
2TNp 20-10 400 1880 16469 0.47 308
2TNP 23-10 630 2640 23126 0.42 307
2TNp 26-10 1000 4200 36792 0.42 382

3TNp 8-10 5 75 657 1.50 -

3TNp-10-10 10 112 981 1.12 -
3TNp 11-10 20 190 1664 0.95 -

3TNp 12-10 30 212 1857 0.71 -

3TNp 13-10 50 286 2505 0.57 233

3TNp 15-10 100 490 4292 0.49 233
3TNp 18-10 250 1220 10687 0.49 287
3TNp 20-10 400 1570 13753 0.39 257
3TNp 23-10 630 2200 19272 0.35 256
3TNp 26-10 1000 3350 29346 0.34 305
T 20-12 20 155 1358 0.78 -
T 30-12 30 230 2015 0.77 -
T 30-12 50 325 2847 0.65 260
T 80-12 80 445 3898 0.56 -
T 100-12 100 535 4687 0.54 255
T-125-12 125 610 5344 0.49 -
T 160-12 . 160 720 6307 0.45 240
T 200-12 200 910 7972 0.46 -
T 250-12 250 1070 9373 0.43 252
T 315-12 315 1265 11081 0.40 -
T 400-12 400 1610 14104 0.40 264
T 500-12 500 1800 15768 0.36 -
T 630-12 630 2230 19535 0.35 259
T 800-12 800 2720 23827 0.34 -
T 1000-12 1000 3210 28120 0.32 292
T-1250-12 1250 3700 32412 0.30 -
T 1600-12 1600 4500 39420 0.28 265
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Table A.1b: 10/0.38 kV transformer no-load losses - ccoonnttiinnuuaattiioonn 

TIP MOC no-load 
losses 

no-load 
energy losses 

no-load 
power losses  

no-load 
power losses 
versus DIN 

     T=8760 h   
  [Kva] [W] [kWh/year] [% rated] [% DIN] 

1 2 3 4 6 7 

Tn 20-12 20 100 876 0.50 -
Tn 30-12 30 140 1226 0.47 -
Tn 50-12 50 210 1840 0.42 168
Tn 80-12 80 300 2628 0.38 -
Tn 100-12 100 430 2978 0.43 205
Tn 125-12 125 400 3504 0.32 -
Tn 160-12 160 470 4117 0.29 157
Tn 200-12 200 590 5168 0.30 -
Tn 250-12 250 680 5957 0.27 160
Tn 315-12 315 820 7183 0.26 -
Tn 400-12 400 950 8322 0.24 156
Tn 500-12 500 1150 10074 0.23 -
Tn 630-12 630 1310 11476 0.21 152
Tn 800-12 800 1690 14804 0.21 -
Tn 1000-12 1000 1970 17257 0.20 179
Tn 1250-12 1250 2360 20674 0.19 -
Tn 1600-12 1600 2850 24966 0.18 168
2TBN 50-12 50 190 1664 0.38 152
2TBN 100-12 100 320 2803 0.32 152
2TBN 160-12 160 460 4030 0.29 153
2TBN 250-12 250 650 5694 0.26 153
2TBN 400-12 400 930 8147 0.23 152
2TBN 630-12 630 1300 11388 0.21 151
2TBN 1000-12 1000 1750 15330 0.18 159
2TBN 1600-12 1600 2550 22338 0.16 150
"MINEL"    -
T-30 30 175 1533 0.58 -
T-50 50 260 2278 0.52 210
T-100 100 430 3767 0.43 205
T-160 160 610 5344 0.38 203
T-250 250 840 7358 0.34 198
T-315 315 985 8629 0.31 -
T-400 400 1270 11125 0.32 208
T-630 630 1720 15067 0.27 200
T-1000 1000 2350 ?0586 0.24 214
T1-20 20 110 964 0.55 -
T1-25 25 120 1051 0.48 -
T1-31,5 31.5 143 1253 0.45 -
T1-50 50 200 1752 0.40 160
T1-80 80 270 2365 0.34 -
T1-100 100 330 2891 0.33 157
T1-125 125 400 3504 0.32 -
T1-160 160 480 4205 0.30 160
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Table A.1c: 10/0.38 kV transformer no-load losses - ccoonnttiinnuuaattiioonn 

TIP MOC no-load 
power losses 

no-load 
energy losses 

no-load 
power losses  

no-load 
power losses 
versus DIN 

     T=8760 h   
  [kVA] [W] [kWh/year] [%rated ] [% DIN] 

1 2 3 4 6 7 

T1-200 200 600 5256 0.30 -
T1-250 250 720 6307 0.29 169
T1-315 315 900 7884 0.29 -
T1-400 400 1050 9198 0.26 172
T1-500 500 1200 10512 0.24 -
T1-630 630 1500 13140 0.24 174
T1-800 800 1850 16206 0.23 -
T1-1000 1000 2000 17520 0.20 182
T1-1250 1250 2400 21024 0.19 -
T1-1600 1600 2800 24528 0.18 165
TN 100 100 430 3767 0.43 205
TN 160 160 610 5344 0.38 203
TN 250 250 840 7358 0.34 198
TN 400 400 1270 11125 0.32 208
TN 630 630 1720 15067 0.27 200
T5B - 50 50 190 1664 0.38 152
T5B - 100 100 320 1803 0.32 152
T5B - 160 160 460 4030 0.29 153
T5B - 250 250 650 5694 0.26 153
T5B - 400 400 930 8147 0.23 152
T5B - 630 630 1300 11388 0.21 151
T5B - 1000 1000 1750 15330 0.18 159
T5B - 1600 1600 2550 22338 0.16 150
Energoinvest 
(KAJZER 64) 

   

NT 5/10 5 75 657 1.50 -
NT 10/10 10 135 1183 1.35 -
NT 20/20 20 190 1664 0.95 -
NT 30/10 30 256 2243 0.85 -
NT 50/10 50 300 2628 0.60 240
NT 100/10 100 540 4730 0.54 257
NT 160/10 160 775 6789 0.48 258
NT 250/10 250 1290 11300 0.52 304
NT 400/10 400 1620 14191 0.41 266
NT 630/10 630 2195 19228 0.35 255
NT 1000/10 1000 3340 29258 0.33 304
NT 1250/10 1250 4150 36354 0.33 -
NT 1600/10 1600 4950 43362 0.31 291

 
 
 
 



E S T A P  –  K o s o v o  
 
 

 Page 5 Module D: Final Report 
 
 

Table A.1d: 10/0.38 kV transformer no-load losses - ccoonnttiinnuuaattiioonn 

TIP MOC no-load 
power losses  

no-load 
energy losses 

no-load 
power losses  

no-load 
power losses 
versus DIN 

     T=8760 h   
  [kVA] [W] [kWh/year ] [% rated] [% DIN] 

1 2 3 4 6 7 

Increased losses     
NT 20/10 20 145 1270 0.73 -
NT 30/10 30 215 1883 0.72 -
NT 50/10 50 325 2847 0.65 260
NT 100/10 100 470 4117 0.47 224
NT 160/10 160 760 6658 0.48 253
NT 250/10 250 960 8410 0.38 226
NT 400/10 400 1440 12614 0.36 236
NT 630/10 630 1820 15943 0.29 212
NT 1000/10 1000 2500 21900 0.25 227
NT 1250/10 1250 3250 28470 0.26 -
NT 1600/10 1600 3900 34164 0.24 229
Decreased 
losses 

   -

NT 20/10 20 95 832 0.48 -
NT 30/10 30 140 1226 0.47 -
NT 50/10 50 210 1840 0.42 168
NT 100/10 100 340 2978 0.34 162
NT 160/10 160 480 4205 0.30 160
NT 250/10 250 670 5869 0.27 158
NT 400/10 400 960 8410 0.24 157
NT 630/10 630 1350 11826 0.21 157
NT 1000/10 1000 1970 17257 0.20 179
NT 1250/10 1250 2350 20586 0.19 -
NT 1600/10 1600 2850 24966 0.18 168
HT 50/10-0,4 50 190 1664 0.38 152
HT 100/10-0,4 100 320 2803 0.32 152
HT 160/10-0,4 160 460 4030 153
HT 250/10-0,4 250 650 5694 0.26 153
HT 400/10-0,4 400 930 8147 0.23 152
HT 630/10-0,4 630 1300 11388 0.21 151
HT 1000/10-0,4 1000 1750 15330 0.18 159
Dry. MINEL tr.    -
TSE 1-50 50 280 2453 0.56 224
TSE 1-100 100 440 3854 0.44 210
TSE 1-160 160 610 5344 0.38 203
TSE 1-250 250 820 7183 0.33 193
TSE 1-400 400 1150 10074 0.29 189
TSE 1-630 630 1500 13140 0.24 174
TSE 1-1000 1000 2000 17520 0.20 182
TSE 1-1600 1600 2800 24528 0.18 165
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Table A.2: EU distribution transformer average losses 

Rated 
capacity 

PV SV1 SV2 Vector 
group 

UK DIN    ABB (Germany) Average EU values 

      Standard 
values 

 [ 1 ]   [ 2 ] Applied 
values 

Applied 
values 

      PKn POn PKn POn PKn POn 
kVA kV kV k  % kW kW kW kW kW kW 
50 20  0.4 Yzn5 4 0.875 0.125 0.85 0.125 0.875 0.125 
100 20  0.4 Yzn5 4 1.475 0.21 1.475 0.21 1.475 0.21 
160 20  0.4 Dyn5 4 2 0.3 2 0.3 2 0.3 
250 20  0.4 Dyn5 4 2.75 0.425 2.75 0.425 2.75 0.425 
400 20  0.4 Dyn5 4 3.85 0.61 3.85 0.61 3.85 0.61 
630 10  0.4 Dyn5 4 5.4 0.86 5.4 0.86 5.4 0.86 
630 20  0.4 Dyn5 4 5.6 0.8 5.4 0.86 5.6 0.8 

800 2) 20  0.4 Dyn5 6   7.4 0.95 7.4 0.95 
1,000 20  0.4 Dyn5 6 9.5 1.1 9.5 1.1 9.5 1.1 

1,250 2) 20  0.4 Dyn5 6   11.4 1.3 11.4 1.3 
1,600 20  0.4 Dyn5 6 14 1.7 14 1.7 14 1.7 

2, 000 2) 20  0.4 Dyn5 6   17.5 2.05 17.5 2.05 
2,500 20  0.4 Dyn5 6 22 2.5 22 2.5 22 2.5 

 
DIN standard values from:      
DIN  42500  Part 1   Oil-insulated AC-distribution transformers  50 Hz, 50 to 2,500 kVA  

PV  - Primary Voltage, 

SV  - Secondary Voltage, 

PKn - Rated Load Variable Losses  

POn - No-load Losses  
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Equivalent daily demand meeting loss diagrams 

a)  
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Figure B.1: Active power – urban area 
  a) Lower load season 
  b) Higher load season 
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a)  
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Figure B.2: Reactive power – urban area 

  a) Lower load season 
  b) Higher load season 
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Figure B.3: Active power – suburb area 

  a) Lower load season 
  b) Higher load season 
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Figure B.4: Reactive power – suburb area 

  a) Lower load area 
  b) Higher load area 
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Figure B.5: Active power – rural area 

  a) Lower load season 
  b) Higher load season 
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Figure B.6: Reactive power – rural area 

  a) Lower load season  
  b) Higher load season 
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Simulation results 
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AKTAS_A Network: SUBURB, Data:   - symmetrical load - High season
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AKTAS_A                                         - High season
Network: SUBURB,  - bigger loads at the end of the lines
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ANNEX 2 

 
 

TECHNICAL LOSSES IN TRANSMISSION 
AND TOTAL TECHNICAL LOSSES 
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TECHNICAL LOSSES IN TRANSMISSION 
 
 

1. INTRODUCTION 
Technical losses are calculated for Variant 1 of the network development in the period 2002-2015 (see 
Chapter 3). In Module C this variant was selected as the most favourable strategy from the technical as 
well as economic point of view. Considering the proposed Transmission Master Plan, Variant 1 
includes the 400/110 kV Peja III SS until 2005, the 400/110 kV Ferizaj II SS in the horizon year 2015 
and adequate 110 kV network reinforcements in the period 2002-2015 for the MG and HG high 
growth scenarios - no gas, presented in Module A. 
 
In our calculations we took due regard to the transmission network on the 400 kV, 220 kV and 110 kV 
voltage levels and of the transformation as shown in Chapter 3. The peak load meeting is approached 
in the same sense as this is done in Chapter 7. 
 
Technical power losses in transmission network over all the three voltage levels are calculated with 
the AC load-flow simulation program. In the period 2005-2015 the simulations are made with the 
supposition of an optimal settings of transformer tap changers and adequate reactive power regulation 
of power units. The target was to always attain the most favourable voltage profile for each of the 
voltage levels at minimal reactive power flows over the Kosovian transmission network and tie 
interconnection lines. In this way we assured minimal technical power losses in the transmission 
network. The calculated losses are the ones that can be achieved in practice through adoption of the 
discussed measures.  
 
The voltage drops in  the 110 kV network being considerable, there is no doubt that the operational 
state in the starting year 2000 was bad reflecting itself in numerous transmission line outages resulting 
from damages and transmission constraints, i.e. overloads, reduction in generation and consumption, 
illegal electricity consumption, imports, transits etc. Considering the above circumstances, the 
technical losses in transmission as well as in distribution were consequently enormously high. 
 
The energy losses were calculated with the »standard method« described in Chapter 8.  
The existing transmission network lines with their electrical parameters are given in Table 1.1 and 
Table 1.1a. Transformer data with their parameters relevant for the calculation of technical losses are 
given in the Table 1.2. The new lines needed for being connected to the 110/MV kV SS in the period 
2002-2015 are reported in Table 1.3 and Table 1.4. The loads of distribution 110/MV substations - 
reported in Module F - for two relevant MG and HG scenarios are given in Table 1.5 and Table 1.6, 
respectively. The power balances and review of the generation units considered in MGS and HGS are 
given in the Table 1.7 and Table 1.8. respectively. 
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Table 1.1: Transmission Lines in 2000 

 

 

Voltage Conductor Length Imax r x B R X B
Node 1 Node 2 (kV) ACSR (km) (A) ( Ω /km) (Ω /km) (µ S/km) ( Ω ) ( Ω ) ( µ S)

Kosovo B Nis-FRY 400 2x490/65 124,4 1800 0,0312 0,3260 3,336 3,88 40,55 415,0
Kosovo B Ribarevina-FRY 400 2x490/65 123,1 1800 0,0312 0,3260 3,336 3,84 40,13 410,7
Kosovo B Skopje-FYROM 400 2x490/65 103,9 1800 0,0312 0,3260 3,336 3,24 33,87 346,6
Kosovo B TPP G1 400 2x490/65 1,1 1800 0,0312 0,3260 3,336 0,03 0,36 3,7
Kosovo B TPP G1 400 2x490/65 1,1 1800 0,0312 0,3260 3,336 0,03 0,36 3,7
Kosovo A Kosovo B 220 490/65 3,6 950 0,0608 0,4150 2,762 0,22 1,49 9,9
Kosovo A Kosovo B 220 490/65 3,7 950 0,0608 0,4150 2,762 0,22 1,54 10,2
Kosovo B Gllogoci 220 490/65 15,6 950 0,0608 0,4150 2,762 0,95 6,47 43,1
Kosovo B Gllogoci 220 490/65 15,4 950 0,0608 0,4150 2,762 0,94 6,39 42,5
Gllogoci Prizreni-2 220 490/65 56,3 950 0,0608 0,4150 2,762 3,42 23,36 155,5
Kosovo B Prishtina-4 220 490/65 18,3 950 0,0608 0,4150 2,762 1,11 7,59 50,5
Kosovo B Prishtina-4 220 490/65 18,4 950 0,0608 0,4150 2,762 1,12 7,64 50,8
Kosovo A Skopje-FYROM 220 360/57 83,4 800 0,0788 0,4164 2,702 6,57 34,73 225,3
Kosovo A Skopje-FYROM 220 360/57 82,5 800 0,0788 0,4206 2,702 6,50 34,70 222,9
Kosovo B Krusevac-FRY 220 360/57 113,2 800 0,0788 0,4206 2,702 8,92 47,61 305,9
Prizreni Fierza-Albania 220 360/57 71,35 800 0,0788 0,4120 2,702 5,62 29,40 192,8
Gllogoci Ferronikel 220 360/57 2,3 800 0,0788 0,4217 2,702 0,18 0,97 6,2
Gllogoci Ferronikel 220 360/57 2,3 800 0,0788 0,4126 2,702 0,18 0,95 6,2
Kosovo A Prishtina-1 110 240/40 7,1 605 0,1200 0,3900 2,807 0,85 2,77 19,9
Prishtina-1 Prishtina-4 110 240/40 9,3 605 0,1200 0,3900 2,807 1,12 3,63 26,1
Prishtina-2 Prishtina-4 110 240/40 6,5 605 0,1200 0,3900 2,807 0,78 2,54 18,2
Gjilan Prishtina-4 110 240/40 35,2 605 0,1200 0,3900 2,807 4,22 13,73 98,8
Kosovo A Prishtina-3 110 240/40 6,6 605 0,1200 0,3900 2,807 0,79 2,57 18,5
Prishtina-2 Prishtina-3 110 240/40 10,9 605 0,1200 0,3900 2,807 1,31 4,25 30,6
Lipjan Prishtina-4 110 240/40 13,5 605 0,1200 0,3900 2,807 1,62 5,27 37,9
Ujmani Vallac 110 240/40 14,364 605 0,1200 0,3900 2,807 1,72 5,60 40,3
Kosovo A Palaj 110 240/40 3,5 605 0,1200 0,3900 2,807 0,42 1,37 9,8
Gjilan Vittia 110 240/40 23,4 605 0,1200 0,3900 2,807 2,81 9,13 65,7
Sharr Vittia 110 240/40 25,8 605 0,1200 0,3900 2,807 3,10 10,06 72,4

Line
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Table 1.1a: Transmission Lines - 2000 
 

 
 
 
 
 
 
 
 
 
 

Voltage Conductor Length Imax r x B R X B
Node 1 Node 2 (kV) ACSR (km) (A) ( Ω /km) (Ω /km) (µ S/km) ( Ω ) ( Ω ) ( µ S)

Prizreni-2 Prizreni-3 110 240/40 8,8 605 0,1200 0,3900 2,807 1,06 3,43 24,7
Gjakova-2 Prizreni-2 110 240/40 29 605 0,1200 0,3900 2,807 3,48 11,31 81,4
Gjakova-2 Klina 110 240/40 32,9 605 0,1200 0,3900 2,807 3,95 12,83 92,4
Kosovo A Prishtina-1 110 150/25 7,3 440 0,1950 0,4060 2,699 1,42 2,96 19,7
Prishtina-1 Prishtina-4 110 150/25 8,1 440 0,1947 0,4060 2,699 1,58 3,29 21,9
Bibaj (Ferizaj) Sharr 110 150/25 28,7 440 0,1950 0,4060 2,699 5,60 11,65 77,5
Bibaj (Ferizaj) Prishtina-4 110 150/25 30,4 440 0,1950 0,4060 2,699 5,93 12,34 82,0
Kosovo A Vushtri 110 150/25 23,8 440 0,1950 0,4060 2,699 4,64 9,66 64,2
Vushtri Shupkovc 110 150/25 10,5 440 0,1950 0,4060 2,699 2,05 4,26 28,3
Shupkovc Vallac 110 150/25 11,4 440 0,1950 0,4060 2,699 2,22 4,63 30,8
Decani Gjakova-1 110 150/25 20,2 440 0,1950 0,4060 2,699 3,94 8,20 54,5
Peje Decani 110 150/25 15,9 440 0,1950 0,4060 2,699 3,10 6,46 42,9
Peje Istog 110 150/25 27 440 0,1950 0,4060 2,699 5,27 10,96 72,9
Istog Vallac 110 150/25 38,5 440 0,1950 0,4060 2,699 7,51 15,63 103,9
Kosovo A Vallac 110 150/25 38,5 440 0,1950 0,4060 2,699 7,51 15,63 103,9
Gjakova-1 Gjakova-2 110 150/25 5 440 0,1950 0,4060 2,699 0,98 2,03 13,5
Gjakova-2 Prizreni-2 110 150/25 24,3 440 0,1950 0,4048 2,699 4,74 9,84 65,6
Prizreni-1 Prizreni-2 110 150/25 3,2 440 0,1950 0,4060 2,699 0,62 1,30 8,6
Prizreni-1 Prizreni-3 110 150/25 4,7 440 0,1950 0,4060 2,699 0,92 1,91 12,7
Bibaj Suhareka 110 150/25 39,4 440 0,1950 0,4060 2,699 7,68 16,00 106,3
Prizreni-3 Suhareka 110 150/25 18,83 440 0,1950 0,4060 2,699 3,67 7,64 50,8
Gjilan Bujanovac-FRY 110 150/25 27,3 440 0,1950 0,4060 2,699 5,32 11,08 73,7
Vallac N.Pazar-FRY 110 150/25 36,9 440 0,1950 0,4060 2,699 7,20 14,98 99,6
Sharr Skopje-FYROM 110 150/25 17,6 440 0,1950 0,4060 2,699 3,43 7,15 47,5

Line
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Table 1.2: Transformer data 

 
 

Snom1 Un1 Un2 Uk1-2 dPk1-2 dPo
MVA kV kV % kW kW Nr. Nr. %

KOSOVO B 400 400 20 13,0 880 332    
KOSOVO B 400 400 20 13,0 880 332    
KOSOVO A 80 110 20 13,0 255 80    
KOSOVO A 150 220 20 13,0 360 143    
KOSOVO A 240 220 20 12,0 648 230    
KOSOVO A 240 220 20 12,0 648 230    
KOSOVO A 240 220 20 12,0 648 230    
KOSOVO B 400 400 231 11,8 586 132 1 1 5.00
KOSOVO B 400 400 231 11,8 586 132 1 1 5.00
KOSOVO B ** 400 400 231 11,8 586 132 1 1 5.00
KOSOVO A 150 220 115 11,2 585 144 12 12 1,25
KOSOVO A 100 220 115 12,1 360 115 10 10 1,50
KOSOVO A ** 150 220 115 10,7 375 100 12 12 1,25
KOSOVO A * 150 220 115 10,7 375 100 12 12 1,25
PRIZREN-II 150 220 115 10,7 375 101 12 12 1,25
PRIZREN-II 150 220 115 10,7 375 101 12 12 1,25
PRISHTINA IV 150 220 115 11,0 375 101 12 12 1,25
PRISHTINA IV 150 220 115 11,0 375 101 12 12 1,25
FERRONIKEL 160 220 35 12,0 624 133 1 1 12.00
FERRONIKEL 160 220 35 12,0 624 133 1 1 12.00
FERIZAJ II 400 300 400 115 12,9 660 207 12 12 1,25
FERIZAJ II 400 * 300 400 115 12,9 660 207 12 12 1,25
PEJE III 400 300 400 115 12,9 660 207 12 12 1,25
DRENASH * 150 220 115 10,7 375 100 10 10 1,50
PODUJEVA 40 220 35 10.0 240 40 10 10 1,50
PODUJEVA 40 220 35 10.0 240 40 10 10 1,50

** in 2002
* HG Scenario

Substation
Tap changer
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Table 1.3: Transmission Lines in 2002 – 2005 

 
 
 
 
 
 
 
 
 
 
 
 
 

Voltage Conductor Length Imax r x B R X B
Node 1 Node 2 (kV) ACSR (km) (A) ( Ω /km) ( Ω /km) ( µ S/km) ( Ω ) ( Ω ) ( µ S)

Kosovo B Peje III 400 2x490/65 50 1800 0,0312 0,3260 3,336 1,56 16,30 166,8 connection
Peje III Ribarevina 400 2x490/65 73 1800 0,0312 0,3260 3,336 2,28 23,80 243,5 connection
Gllogoci Peje III 220 490/65 56 950 0,0608 0,4150 2,762 3,40 23,24 154,7 optional
Kosovo B Podujeve 220 360/57 40 800 0,0788 0,4322 2,702 3,15 17,29 108,1 connection
Podujeve Krusevac 220 360/57 73,2 800 0,0788 0,4322 2,702 5,77 31,64 197,8 connection
Gjilan Kamenice 110 240/40 20,4 605 0,1200 0,3900 2,807 2,45 7,96 57,3 new line
Gjakove 1 Rahovec 110 240/40 20,6 605 0,1200 0,3900 2,807 2,47 8,03 57,8 new line
Gjakove 1 Gjakove 2 110 240/40 5 605 0,1200 0,3900 2,807 0,60 1,95 14,0 new line
Gjilan Gjilan 4 110 240/40 8 605 0,1200 0,3900 2,807 0,96 3,12 22,5 new line
Vallac Mitrovica 2 110 240/40 8 605 0,1200 0,3900 2,807 0,96 3,12 22,5 connection
Mitrovica 2 Shupkovc 110 240/40 7 605 0,1200 0,3900 2,807 0,84 2,73 19,6 connection
Kosovo A Prishtina 5 110 2x240/40 5,5 605 0,1200 0,3900 2,807 0,66 2,15 15,4 new line
Prizreni 1 Dragash 110 2x150/25 23 440 0,1950 0,4060 2,699 4,49 9,34 62,1 new line
Peje 3 Istog 110 240/40 5 605 0,1200 0,3900 2,807 0,60 1,95 14,0 new line
Peje 3 Peje 110 240/40 27,5 605 0,1200 0,3900 2,807 3,30 10,73 77,2 reconduction
Peje 3 Kline 110 240/40 18 605 0,1200 0,3900 2,807 2,16 7,02 50,5 new line
Peje Peje 2 110 240/40 2,7 605 0,1200 0,3900 2,807 0,32 1,05 7,6 new line
Prishtine 4 Prishtine 6 110 2xCu 240 6 530 0,0880 0,1440 40,82 0,53 0,86 244,9 new cable
Prizreni-1 Prizreni-2 110 240/40 3,2 605 0,1200 0,3900 2,807 0,38 1,25 9,0 reconduction
Kosovo A Bibaj (Ferizaj) 220 to 110 360/57 37,3 800 0,0788 0,4164 2,702 2,94 15,53 100,8 adaptation
Prishtina 4 Bibaj (Ferizaj) 220 to 110 360/57 30 800 0,0788 0,4164 2,702 2,36 12,49 81,1 optional
Bibaj (Ferizaj) Sharr 220 to 110 360/57 26,7 800 0,0788 0,4164 2,702 2,10 11,12 72,1 adaptation

2002 - 2005
Line

comment
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Table 1.4: Transmission Lines – 2006 – 2015 

 
 

Voltage Conductor Length Imax r x B R X B
Node 1 Node 2 (kV) ACSR (km) (A) ( Ω /km) ( Ω /km) ( µ S/km) ( Ω ) ( Ω ) ( µ S)

Gjilan Gjilan 5 110 240/40 4 605 0,1200 0,3900 2,807 0,48 1,56 11,2 new line
Gjilan 4 Gjilan 5 110 240/40 4 605 0,1200 0,3900 2,807 0,48 1,56 11,2 new line
Rahovec Malisheve 110 240/40 16 605 0,1200 0,3900 2,807 1,92 6,24 44,9 new line
Lipjan Shtime 110 240/40 14,8 605 0,1200 0,3900 2,807 1,78 5,77 41,5 new line
Kosovo A F. Kosove 110 240/40 4 605 0,1200 0,3900 2,807 0,48 1,56 11,2 new line
Kosovo A Mazgit 110 240/40 4 605 0,1200 0,3900 2,807 0,48 1,56 11,2 new line

Prizren-1 Prizren-2 110 240/40 3,2 605 0,1200 0,3900 2,807 0,38 1,25 9,0 new line
Shupkovc Vallac 110 240/40 11,4 605 0,1200 0,3900 2,807 1,37 4,45 32,0 reconduction

Kosovo B Ferizaj II 400 2x490/65 40 1800 0,0312 0,3260 3,336 1,25 13,04 133,4 connection
Ferizaj II Skopje 400 2x490/65 63,9 1800 0,0312 0,3260 3,336 1,99 20,83 213,2 connection
Kosovo A Ferizaj II 220 360/57 40 800 0,0788 0,4164 2,702 3,15 16,66 108,1 optional
Ferizaj II Skopje 220 360/57 43,4 800 0,0788 0,4164 2,702 3,42 18,07 117,3 optional
Ferizaj II Gjilan 110 240/40 31 605 0,1200 0,3900 2,807 3,72 12,09 87,0 new line
Ferizaj II Bibaj(Ferizaj) 110 2x240/40 6 605 0,1200 0,3900 2,807 0,72 2,34 16,8 new line
Vallac Mitrovice 1 110 2x240/40 5,7 605 0,1200 0,3900 2,807 0,68 2,22 16,0 new line
Ferizaj II Shterpce 110 240/40 23,7 605 0,1200 0,3900 2,807 2,84 9,24 66,5 new line
Vallac Skenderaj 110 240/40 24 605 0,1200 0,3900 2,807 2,88 9,36 67,4 reconduction
Skenderaj Istog 110 240/40 27,7 605 0,1200 0,3900 2,807 3,32 10,80 77,8 reconduction
Kacanik Sharr 110 240/40 12,9 605 0,1200 0,3900 2,807 1,55 5,03 36,2 reconduction
Bibaj(Ferizaj) Kacanik 110 240/40 18,4 605 0,1200 0,3900 2,807 2,21 7,18 51,6 reconduction
Prishtine IV Novoberde 110 2x240/40 25 605 0,1200 0,3900 2,807 3,00 9,75 70,2 new line
Ferizaj II Bibaj(Ferizaj) 110 2x240/40 6 605 0,1200 0,3900 2,807 0,72 2,34 16,8 new line

Vallac Leposavic 110 150/25 22 440 0,1947 0,4060 2,699 4,28 8,93 59,4 new line
Drenash Malisheve 110 240/40 23 605 0,1200 0,3900 2,807 2,76 8,97 64,6 new line
Suhareka Malisheve 110 240/40 17 605 0,1200 0,3900 2,807 2,04 6,63 47,7 new line
Peje 3 Peje 2 110 240/40 30 605 0,1200 0,3900 2,807 3,60 11,70 84,2 new line
Peje 3 Vallac 110 240/40 40 605 0,1200 0,3900 2,807 4,80 15,60 112,3 new line
Drenash Gllogovci 110 240/40 5 605 0,1200 0,3900 2,807 0,60 1,95 14,0 new line
Prishtina 4 Prishtina 7 110 2x240/40 6 605 0,1200 0,3900 2,807 0,72 2,34 16,8 new line

Additional New Transmission Lines - HG Scenario

2006 - 2010
Line

comment

2011 - 2015

Additional New Transmission Lines - HG Scenario
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Table 1.5: Loads of  110/MV Substations – MG Scenario no gas 

P(MW) Q(Mvar) P(MW) Q(Mvar) P(MW) Q(Mvar) P(MW) Q(Mvar)
Prishtina 1 61,0 22,9 30,5 11,4 14,1 5,3 20,1 7,6
Prishtina 2 44,3 16,9 40,6 15,5 47,1 18,0 52,8 20,1
Prishtina 3 35,0 13,7 26,8 10,4 30,2 11,8 34,5 13,5
Prishtina 4 0,0 0,0 0,0 0,0 18,8 5,9 31,7 9,9
Prishtina 5 0,0 0,0 23,1 8,7 33,0 12,4 47,0 17,6
Prishtina 6 0,0 0,0 24,0 9,1 32,0 10,1 36,4 11,4
Palaj (Bardhi) 12,1 5,5 14,8 6,7 17,0 7,7 22,1 9,9
Drenas (Gllogoci) 12,0 3,8 12,7 4,0 15,1 4,7 17,5 5,5
Podujeva (Besana) 0,0 0,0 21,9 10,9 22,0 11,0 26,3 13,1
Kosovo A 110 kV 31,0 15,5 24,9 12,5 0,0 0,0 0,0 0,0
Fush Kosove 0,0 0,0 0,0 0,0 22,8 11,4 24,7 12,4
Mazgit 0,0 0,0 0,0 0,0 20,8 10,4 24,9 12,5
N.Berda 0,0 0,0 0,0 0,0 0,0 0,0 14,4 7,2
Total Prishtina 195,4 78,3 219,3 89,2 272,9 108,7 352,4 140,7
Ferizaj (Bibaj) 42,0 18,5 48,9 21,9 24,5 11,0 16,3 7,3
Lipjan 25,0 15,0 26,8 14,9 23,6 13,1 28,8 16,1
Sharr 8,5 3,4 9,2 3,2 11,4 3,9 9,6 3,3
Ferizaj I 0,0 0,0 0,0 0,0 33,0 14,7 34,5 15,4
Shtime 0,0 0,0 0,0 0,0 8,5 3,8 9,6 4,3
Shterpce 0,0 0,0 0,0 0,0 0,0 0,0 8,6 3,9
Kacanik 0,0 0,0 0,0 0,0 0,0 0,0 11,5 3,9
Total Ferizaj 75,5 36,9 84,9 40,0 100,9 46,5 118,9 54,2
Vallac 46,0 18,5 25,9 11,0 29,2 12,4 10,6 4,5
Shupkovc (Trepca) 4,0 1,8 3,7 1,7 3,8 1,7 4,8 2,2
Vushtri 29,0 3,4 23,1 10,5 27,3 12,4 18,2 8,3
Ujrnani 0,0 0,0 3,7 1,3 3,8 1,3 4,8 1,6
Mitrovica 1 0,0 0,0 0,0 0,0 0,0 0,0 23,0 9,8
Mitrovica 2 0,0 0,0 12,9 5,5 14,1 6,0 17,3 7,3
Skenderaj 0,0 0,0 0,0 0,0 0,0 0,0 11,5 4,9
Total Mitrovica 79,0 23,7 69,2 30,0 78,2 33,8 90,2 38,6
Peje 38,6 8,2 23,5 5,0 24,9 5,3 29,9 6,4
Peje 2 0,0 0,0 21,5 4,6 24,6 5,3 29,5 6,3
Decani 10,9 3,0 13,3 3,7 14,3 4,0 17,3 4,8
Istog (Burim) 7,8 5,0 9,3 5,4 11,1 6,4 13,4 7,7
Klina 8,7 3,2 9,0 3,7 12,1 4,9 14,7 6,0
Total Peje 66,0 19,4 76,6 22,4 87,0 25,9 104,8 31,2
Gjakova 1 41,4 18,6 27,3 12,3 24,1 10,8 28,9 13,0
Gjakova 2 18,5 8,7 24,7 11,5 23,8 11,2 29,4 13,8
Total Gjakova 59,9 27,3 52,0 23,8 48,0 22,0 58,3 26,8
Prizreni 1 44,0 16,4 39,7 14,8 49,0 18,2 60,4 22,5
Pnzreni 3 21,0 8,2 24,9 9,7 31,1 12,2 37,4 14,6
Suhareka (Theranda) 21,0 8,7 23,1 9,6 27,3 11,3 32,6 13,5
Dragash 0,0 0,0 12,0 5,0 15,1 6,2 18,2 7,5
Rahovec 0,0 0,0 10,2 4,2 17,9 7,4 22,1 9,1
Malisheva 0,0 0,0 0,0 0,0 7,5 3,1 9,6 4,0
Total Prizreni 86,0 33,3 109,9 43,3 148,0 58,4 180,3 71,2
Gjilan 50,0 22,8 30,5 15,3 8,5 4,2 0,0 0,0
Vittia 14,0 7,7 15,7 8,7 18,8 10,4 23,0 12,7
Kamenice (Berivojce) 0,0 0,0 11,1 6,1 13,2 7,3 15,3 8,4
Gjilan 4 0,0 0,0 13,8 6,9 26,4 13,2 31,7 15,9
Gjilan 5 0,0 0,0 0,0 0,0 17,0 8,5 21,1 10,6
Total Gjilan 64,0 30,5 71,1 37,0 83,9 43,6 91,1 47,6

626 249 683 286 819 339 996 410
Ferronikel 0,0 0,0 1,0 0,3 40,0 12,0 40,0 12,0
Sharr Cement 5,0 2,4 5,0 2,4 12,2 5,8 14,8 7,1
Trepca (Shupkovc) 0,0 0,0 20,0 9,6 45,0 21,6 45,0 21,6

5,0 2,4 26,0 12,3 97,2 39,4 99,8 40,7
631 252 709 298 916 378 1096 451TOTAL (without HV losses)

2010 20152000 2005

PRIZRENI

GJILAN

Regions Nodes

PRISHTINA

Total Medium Voltage 

Total High Voltage

Industry

FERIZAJ

MITROVICA

GJAKOVA 

PEJE
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Table 1.6: Loads of  110/MV Substations – HG Scenario no gas 

P(MW) Q(Mvar) P(MW) Q(Mvar) P(MW) Q(Mvar)
Prishtina 1 34,3 12,9 17,1 6,4 34,1 12,8
Prishtina 2 45,7 17,4 57,1 21,8 45,4 17,3
Prishtina 3 30,1 11,8 36,6 14,3 38,8 15,2
Prishtina 4 0,0 0,0 22,9 7,2 39,7 12,5
Prishtina 5 26,0 9,7 40,0 15,0 54,9 20,6
Prishtina 6 27,0 8,5 38,9 12,2 36,9 11,6
Prishtina 7 0,0 0,0 0,0 0,0 31,2 11,2
Palaj (Bardhi) 16,6 7,5 20,6 9,3 27,9 12,6
Drenas (Gllogoci) 14,3 4,5 18,3 5,7 22,1 6,9
Podujeva (Besana) 24,6 12,3 26,6 13,3 33,2 16,6
Kosovo A 110 kV 28,1 14,0 0,0 0,0 0,0 0,0
Fush Kosove 0,0 0,0 27,7 13,8 31,3 15,6
Mazgit 0,0 0,0 25,3 12,6 31,5 15,8
N.Berda 0,0 0,0 0,0 0,0 18,2 9,1
Total Prishtina 247 99 331 132 445 178
Ferizaj (Bibaj) 51,9 23,2 16,0 7,2 9,6 4,3
Lipjan 28,4 15,9 27,7 15,5 36,4 20,3
Sharr 9,8 3,4 10,4 3,5 13,4 4,6
Ferizaj I 0,0 0,0 34,9 15,6 58,5 26,2
Shtime 0,0 0,0 10,0 4,5 14,4 6,4
Shterpce 0,0 0,0 9,4 4,2 12,5 5,6
Kacanik 0,0 0,0 11,3 3,9 15,3 5,2
Total Ferizaj 90 43 120 54 160 73
Vallac 28,6 12,1 11,3 4,8 0,0 0,0
Shupkovc (Trepca) 3,7 1,6 4,2 1,9 4,8 2,2
Vushtri 26,8 12,2 18,8 8,6 23,0 10,5
Ujrnani 3,7 1,3 4,7 1,6 5,8 2,0
Mitrovica 1 0,0 0,0 24,5 10,4 30,7 13,0
Mitrovica 2 13,8 5,9 17,9 7,6 23,0 9,8
Skenderaj 0,0 0,0 12,3 5,2 16,3 6,9
Leposavic 0,0 0,0 0,0 0,0 13,4 5,7
Total Mitrovica 77 33 94 40 117 50
Peje 24,7 5,3 30,2 6,4 39,9 8,5
Peje 2 22,6 4,8 29,8 6,4 39,4 8,4
Decani 13,9 3,9 17,4 4,8 23,0 6,4
Istog (Burim) 9,8 5,6 13,5 7,7 17,9 10,3
Klina 9,4 3,8 14,6 6,0 19,5 8,0
Total Peje 80 23 106 31 140 42
Gjakova 1 23,2 10,4 29,6 13,3 38,9 17,5
Gjakova 2 20,9 9,8 29,3 13,7 39,7 18,6
Total Gjakova 44 20 59 27 79 36
Prizreni 1 41,5 15,5 59,4 22,1 76,7 28,5
Prizreni 3 26,8 10,5 36,8 14,4 48,9 19,1
Suhareka (Theranda) 24,0 9,9 32,0 13,3 45,1 18,7
Dragash 12,9 5,4 17,9 7,4 24,0 9,9
Rahovec 10,2 4,2 21,7 9,0 29,7 12,3
Malisheva 0,0 0,0 9,4 3,9 12,5 5,2
Total Prizreni 115 46 177 70 237 94
Gjilan 29,4 14,7 9,0 4,5 0,0 0,0
Vittia 15,1 8,4 20,0 11,0 29,9 16,5
Kamenice (Berivojce) 10,7 5,9 14,0 7,7 19,9 11,0
Gjilan 4 13,4 6,7 27,9 14,0 41,1 20,6
Gjilan 5 0,0 0,0 18,0 9,0 27,4 13,7
Total Gjilan 69 36 89 46 118 62

722 299 975 401 1296 534
Ferronikel 40,0 12,0 70,0 21,0 70,0 21,0
Sharr Cement 15,0 7,2 16,6 7,9 18,3 8,8
Trepca (Shupkovc) 35,0 16,8 45,0 21,6 45,0 21,6

90 36 132 51 133 51
812 335 1107 451 1429 585

2010 2015

 GJILAN

TOTAL (without HV Losses)

2005

MITROVICA

PEJE

GJAKOVA 

PRIZRENI

Regions

Total Medium Voltage 

Industry

Total High Voltage

Nodes

PRISHTINA

FERIZAJ
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Table 1.7: Peak load meeting - MGS 

 
 

Table 1.8: Peak load meeting – HGS 

 
 

2. TECHNICAL LOSSES IN THE BASE YEAR 2000 

In the year 2000 we took into account the current network configuration and the loads of distribution 
110/MV substations. It is assumed that the loads in 2000 are met with the own sources and some 
import. In the load-flow simulations transformers were not set optimally. Considering the presented 
operational state, we simulated the indicated bad voltage profile and high power losses for peak load 
case, which are 22,4 MW i.e. 3,4% of peak load in 2000. In accordance with the present methodology, 
technical losses of the 400 kV and 220 kV interconnection lines are taken into account in the same 
way as in any further calculations with a proportional value of the entire line. Power losses of 
individual elements, which were determined with calculations, are shown in below Table 2.1. It is seen 

Year 2000 2005 2010 2015
Units (MW) (MW) (MW) (MW)

Kosovo A1 25 0 0 0
Kosovo A3 120 135 135 135
Kosovo A4 122 0 135 135
Kosovo A5 0 135 135 135 Location
TPP Kosovo A 267 270 405 405
Kosovo B1 277 277 277 277
Kosovo B2 226 226 226 226
TPP Kosovo B 503 503 503 503
HPP Ujmani 35 35 35 35
Total Available 805 808 943 943
Peak Load 653 727 931 1116
Balance 152 81 12 -173
New power unit - 2013 0 120 Prishtina-4 SS 
New power units - 2015 0 69 Prishtina-4 SS 
Emergency Import ( - ) (+152) +81 +12 +16

Year 2000 2005 2010 2015
Units (MW) (MW) (MW) (MW)

Kosovo A1 25 0 0 0
Kosovo A3 120 135 135 135
Kosovo A4 122 0 135 135
Kosovo A5 0 135 135 135 Location
TPP Kosovo A 267 270 405 405
Kosovo B1 277 277 277 277
Kosovo B2 226 226 226 226
TPP Kosovo B 503 503 503 503
HPP Ujmani 35 35 35 35
Total Available 805 808 943 943
Peak Load 653 832 1127 1459
Balance 152 -24 -184 -516
New power unit - 2009 0 120 120 Prishtina-4 SS
New power unit - 2012 0 0 180 TPP Kosovo A
New power unit - 2014 220 Zur
Emergency Import ( - ) (+152) -24 -64 (+4)
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that from the total 22,4 MW power losses, the share of the line losses is 79%, and the share of the 
400/220 kV, 220/110 kV or 220/35 kV transformers is 21%. The highest losses (66,5% of  total losses) 
are in 110 kV lines. 
 

Table 2.1: Technical power losses in transmission in 2000 

 
 
Power loss shares over individual elements or voltage levels are given in the diagrams below. 

 
The highest 110 kV network losses are in the south-eastern part between the 220/110 kV Prishtina SS 
towards the areas of Gjilani and Ferizaj and in the south-western part of Kosovo (the area of Peja and 
Prizren).Voltage conditions and power losses following the network and transformation are for the 
known loads of the 110/MV SS shown in the Figure 2.1 
 
In our calculations of energy losses we took into account operational hours T that are determined with 
the load factor (Module A). At 653 MW and total energy of 2869,1 GWh this factor is 0.5. This means 
that in 2000 operational hours T were 4394 h. Based on the standard method for the energy loss 
calculation or the empirical expression for the calculation of loss hours T∆, they are 2576 hours. This 
means that the 2000 total variable technical energy losses in transmission calculated with the below 
expression 

∆W= ∆P x T∆ 
are 51,9 GWh, whereas constant losses in transformers are 20,3 GWh. Thus the calculated total 
technical losses being 72,2 GWh  i.e. 2,5% of available energy or app. 14% of total losses (technical 
and non-technical) of the Kosovian electric power system in 2000.  

The main reason for the relatively high rate of technical losses in the 110 kV network are the too weak 
cross-sections of some of the 110 kV lines and too long distances from the supply nodes, i.e. 
220/110kV substations. It is for this reason that all the future lines shall have to be constructed with 
ACSR 240/40 mm2 cross section conductors, while the ACSR 150/25 mm2 cross-section conductors of 
particular existing lines shall have to be, whenever practical, re-conducted or new lines constructed. 
The presented state at the same time shows the necessity of an immediate construction of new 
400/110kV SS as a result of the fact that it is evident that the number of the 110 kV supply nodes is 
too small for such load and transmission line length. 

Transformer Losses in 2000

49%

43%

8%

TR 400/220 kV
TR 220/110 kV
no-load losses

Total Losses in 2000

21%

79%

Line losses

TR Losses

Line Losses in 2000

1%
15%

84%
400 kV lines
220 kV lines
110 kV lines

Voltage level MW GWh Voltage level MW GWh
400 kV 0.25 0.64 400/220 kV 0.35 0.9
220 kV 2.62 6.76 220/110 kV 1.98 5.11
110 kV 14.9 38.5 220/35 kV 0 0

no-load losses 2.31 20.27
Line losses 17.8 45.9 TR losses 4.6 26.3

Li
ne

s

d P = 22,4 MW
d W = 72,2 GWh
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Figure 2.1: Voltage conditions and power losses in 2000
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3. TECHNICAL LOSSES IN THE PERIOD 2000-2015 - MG SCENARIO 

3.1 Technical losses in the period 2000-2005 

Considering the present transmission network configuration and the proposed new transmission 
projects for years 2002-2005 - reported in Module C - the technical losses in transmission are expected 
to increase if appropriate measures are not be taken.  The calculated technical losses in transmission  
are: 

 

3.2 Technical losses in 2005 

According to The Transmission Master Plan, by 2005 a new 400/110 kV Peje III SS will be 
constructed. The construction dynamics for new 110/MV SS, peak load and 110 kV network 
development are given Chapter 4. In our calculations of the peak load meeting we took into account 
the own sources without imports and transits within the region. With the LF simulations we calculated 
technical power losses ∆P (MW) over individual transmission system elements. Calculation results are 
given in the below Table 3.1 
 

Table 3.1: Technical losses in 2005 

MG Scenario 2002 2003 2004 2005
400 kV line 0.69 0.75 0.77 0.80
220 kV line 7.57 8.14 8.79 9.51
110 kV line 46.16 50.84 55.98 61.71
Line losses 54.42 59.73 65.54 72.02
TR 400/220 kV 0.75 0.77 0.83 0.86
TR 400/110 kV 0.00 0.00 0.00 0.00
TR 220/110 kV 4.99 5.48 6.00 6.60
TR 220/35/20 kV 0.00 0.00 0.00 0.00
No-load losses 20.27 20.27 20.27 20.27
Transformer losses 26.01 26.52 27.10 27.73
Total technical losses 80.4 86.3 92.6 99.8
∆W/W (%) 2.6% 2.6% 2.7% 2.8%

Energy Losses in Transmission (GWh)
in the period 2002-2005

400 kV line 0.14 400 kV line 0.44
220 kV line 2.42 220 kV line 7.61
110 kV line 10.99 110 kV line 34.55
Line losses 13.55 Line losses 42.59
TR 400/220 kV 0.21 TR 400/220 kV 0.66
TR 400/110 kV 0.14 TR 400/110 kV 0.44
TR 220/110 kV 1.16 TR 220/110 kV 3.65
TR 220/35/20 kV 0.12 TR 220/35/20 kV 0.38
No-load losses 2.88 No-load losses 25.23
Transformer losses 4.51 Transformer losses 30.35
Total technical losses 18.1 Total technical losses 72.9
∆P/Pmax (%) 2.5% ∆W/W (%) 2.0%

Power Losses (MW) Energy Losses (GWh)
Year 2005 - MG Scenario


