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ABSTRACT 
The Macedonian Power System (MPS) used to be a part of the former Yugoslav Power System, and it was 

connected to the European system by 400 kV transmission lines. At the present time, the MPS works isolated from the 
UCPTE, only connected to the Yugoslav and Greek power systems. The connections with the Bulgarian and Albanian 
power systems are on a lower voltage level. The reliability and stability of the MPS needs to be improved. 

Macedonia is located in the central area of the Balkan, where the transmission lines from other Balkan countries are 
crossing. In the near future, the Macedonian Power System needs to be linked to the European system. To prepare for 
the energy demand at the beginning of the 21-st century, when the local coal reserves get exhausted, Macedonia needs to 
start with activities for substitution of the existing coal-fired thermal power plants with nuclear plants. This paper 
discusses the activities for global development solutions in the area of power generation. 

INTRODUCTION 
After Macedonia proclaimed a political independence 

in 1991, the Macedonian Power System was separated 
from the former Yugoslav Power System. Presently, the 
MPS is an autonomous power system with local 
connections to the power systems of Yugoslavia and 
Greece. In the new conditions, the reliability and stability 
of the MPS has deteriorated along with the economic 
conditions in the region. This paper makes an attempt to 
resolve some problems associated with these conditions 
and the proposes necessary actions for faster development 
of the MPS. 

The existing power generating capacities can satisfy 
electricity demands until the end of this century. By the 
beginning of the 21st century Macedonia should consider 
starting with construction of new power plants. The 
established coal reserves in Macedonia will be exhausted 
in the period from 2015 to 2020. Taking into account that 
most of the potential locations for building hydro power 
plants have been utilized, nuclear power plants remain as 
a viable option for replacing coal-fired power plants and 
covering the increased electricity demand. 

POWER GENERATION 
The current electricity generation in Macedonia is 

based on: 
a) coal-fired thermal power plants with total 

installed capacity of 800 MWe, 
b) crude oil-fired thermal power plants with 

capacity of 210 MWe, and 

c) hydro power plants with total installed capacity 
of 422 MWe. 

Although all hydro plants in Macedonia have hydro 
accumulations, their contribution depends on the local 
hydrology, which is very unfavorable. Table 1 gives the 
basic information about the existing power plants, as well 
as for the power plants that are in the MPS development 
plan. 

To satisfy the energy demand expected at the end of 
the 20th century, there is a planned increase of the installed 
capacity of some of the power plants in operation, and 
construction of HPP Kozjak. With this increase in 
capacity, the flexibility of the operating plants will be 
improved and the expected energy demand will be met. 

In the remaining period of this century, the planned 
net generation in the thermal plants (coal-fired) is about 
5,2 TWh. The planned net generation in the hydro plants 
is about 0,8 – 1,5 TWh. Therefore, the total produced 
electrical energy is about 6,0 – 6,7 TWh. The oil-fired 
power plant (210 MW) used to have a role of the reserve 
(standby) unit. 

The annual electricity production and import for the 
last 33 years are presented in Fig.1. The first 20 years are 
characterized with a dominated energy import, while in 
the last 13 years the domestic electricity production has 
been increased significantly. For the remaining part of this 
century, the maximum electricity production will be 
provided in the coal-fired power plants. So, the increasing 
electricity demand will be met by the energy produced in 
the oil-fired thermal power plant. Until now, the oil-fired 
power plant Negotino has been kept as a “cold” reserve, 
but it is expected to change its role into a “hot” reserve. 
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ABLE 1.  Power Plants Characteristics in the Macedonian Power System 

Installed 
(MW) 

Planned net 
production 

(GWh) 

Net production 
in 1997 
(GWh) 

Real/planned 
 

(%) 
Existing Hydro 

13,5 39,7 37,1 93,5 
136,4 336,0 378,8 112,7 
17,8 43,1 44,3 102,8 
40,2 185,2 191,6 103,4 
80,3 265,0 297,6 112,3 
92,8 155,0 140,7 90,7 
41,0 126,0 131.9 104,0 
422,0 1.150,0 1.222,0 106,3 

Planned Hydro 
82,0 155,0   
37,8 62,0   

196,6 243,0   
94,3 301,0   
56,8 231,0   
45,0 148,0   

512,50 1.140,0   
Existing thermal 

800,0 5.200,0 5.028,7 96,7 
(3 X 225)    675,0 4.400,0 4.392,9 99,8 
(1 X 125)    125,0 800,0 635,8 79,5 

210,0 1.150,0 6.3 0,5 
210,0 1.150,0 6,3 0,5 
1010,0 6.350,0 5.035,0 79,3 

Planned thermal 
150,0 1.000,0   

(1 X 150)    150,0 1.000,0   
1200,0 8.000,0   

(2 X 600) 1,200,0 8.000,0   
1.350,0 9.000,0   
1.432,0 7.500,0 6.257,0 83,4 
 
present and future power plants and 
Macedonia are presented in Fig.2. A 
crossing from North to South is the 
nection link to the neighbor systems 
ce. The connection from this line to 
(3x225 MW) is realized at the same 
nsmission line between the thermal 

n consumption center around the city 
pleted. In the near future, a new 400 
etween substation Bitola and the 
reece is planned to be constructed. 

ine to the Albanian Power System, 
nge of energy could be realized 

trough the Yugoslav Power System with doubled 220 kV 
lines. The MPS is connected with the Bulgarian Power 
System by two local 110 kV transmissions lines. Both 
transmission lines are without any significant role in 
function of the Macedonian and Bulgarian Power 
Systems. 

The solution for connecting the systems of Bulgaria, 
Macedonia and Albania in the direction East-West using 
400 kV lines, as suggested in the current development 
conceptual plan, is not yet completed. In the west part of 
the country, where the mainly hydro power plants are 
located, and in the east part which is a significant 
electricity consumer, the 400 kV transmission network is 
not built. The current transmission loses are about 2%. 
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FIGURE 1. Net Annual Electricity Production in Macedonian Power System  (1965-2000) 

 

FIGURE 2.  Map of the Power System in Macedonia with planned power plants  (Power Plants and transmission lines) 

 



 

 

CONSUMPTION 
In the past, the industrial development in Macedonia 

was not accompanied by a corresponding development of 
the energy resources. As a result, the metallurgy capacities 
in Macedonia are currently suffering from a shortage in 
supply of electrical energy. Therefore, the electricity 
consumption in metallurgy has been constantly falling in 
the past decades, from 39,0% in 1985 to 23,1% of total 
electricity production in 1997. This trend is expected to 
continue in the next years (Fig.3 and Table 2). It is also 
expected that towards the end of the century the 
metallurgy capacities in Macedonia will decline caused by 

problems in supply with electrical energy. This trend will 
allow for normal supply to the distribution, where a 
further increase is expected. 

In the past 20 years (from 1977 to 1997), the 
distributed consumption has been increasing by about 6%. 
In the period from 1989 until 1994, a small change in the 
rate of increase occurred due to well-known political and 
economical events. As we can see from Fig. 3, from 1994 
the rate of increase of the distributed consumption 
stabilized at about 6% again. 

The continuous increase of the low voltage consumption 
will cause another problem from the aspect of the system's 
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FIGURE 3.  Annual Electricity Demand  in Macedonian Power System (1965-2000) 

TABLE 2.  Status of balance and forecasting in Macedonian Power System 

Year 1980 1985 1990 1995 1997 2000 
 E(GWh) 

DUCTION (1+3) 1.908,48 3.458,51 5.638,57 6.068,37 6.691,98 8.000,00 
al power plants        451,43 2.368,38 5.148,31 5.267,44 5.470,00 6.850,00 

onsumption of TPP              51,48 180,77 419,00 434,00 435,37 500,00 
 power plants       1.457,05 1.090,13 490,26 800,93 1.221,98 1.150,00 
 PRODUCTION (1-2+3) 1.857,00 3.277,74 5.219,57 5.634,37 6.256,61 7.500,00 
RT    2.376,40 1.990,70 40,14 116,34 72,78 0,00 

AVAILABLE  (A2+B)   4.233,40 5.268,44 5.259,71 5.750,70 6.329,39 7.500,00 
TRIC POWER UTIL.  438,69 542,21 615,45 747,80 945,53 1.228,00 

ning, Substations      14,81 82,18 93,00 105,20 147,72 155,00 
s 423,87 460,03 534,45 646,60 797,82 1073,00 
 AVAILABLE (A2+B-C) 3.794,71 4.726,23 4.642,26 5.002,91 5.383,86 6.272,00 
ORT 0,00 0,00 0,00 0,00 0,00 0,00 
SUME   (1+2+3+4)   3.794,71 4.726,23 4.642,26 5.002,91 5.383,86 6.272,00 
seholders  1.215,31 1.621,66 1.970,37 2.842,66 3.031,46 3.642,00 
stry      1.016,30 1.246,83 1.266,25 937,34   1.091,83 1.300,00 
allurgy    1.548,47 1.845,57 1.378,27 1.209,56 1.244,10 1.310,00 

nsport   14,63 12,17 27,36 13,33 16,47 20,00 



 

 

flexibility. On the other hand, with development of air-
conditioning consumption, the daily minimum demand during 
the summer period will increase. This fact is important for 
determination of unit size for the new power plants. 

All these analyses show that the Macedonian Power 
System needs additional power plants to be constructed in 
the period starting in the first decade of the next century.  

ELECTRICITY DEMAND AND 
PRODUCTION FORECASTING 

Kozjak is the only new hydro power plant (Table 1) 
that will be constructed in the period until 2000. If we 
assume that in the next couple of decades, one hydro 
power plant will be built every five years (from the plan of 
potential hydro power plant locations in Macedonia), the 
total electricity production from the new hydro power 
plants in Macedonia will be around 1140 GWh per year. 
As in the previous years, due to political reasons, the 
construction of the oil pipeline from the Tesaloniki 
seaport in Greece to the refinery in Macedonia, is not for 
expectation in the near future. In addition to the oil price, 
problems associated with oil transportation by train, 
provide no reasons for considering construction of new 
oil-fired power plants in Macedonia. Therefore, it is 
reasonable to expect that utilization of the existing oil-
fired power plant Negotino is the only oil-fired power 
plant that is expected to operate in Macedonia in the 
future. Only 40% of the capacity of the new gas pipe line 
could be available for electricity production, i.e., about 
320 million m3 gas per year, which corresponds to about 
1000 GWh per year. Utilization of the new open-pit coal 
mining Oslomej-west will provide coal for about 15 years, 

i.e., maximum up to 2015, for the coal-fired power plant 
Oslomej. At that time the life time of the plant equipment 
will reach 35 year. 

 According to an estimation of the coal reserves in the 
existing coal mine Suvodol, the mine should provide coal 
only until 2015. With opening of the new pit mining 
“Brod Gneotino,” which is 16 km away from the existing 
coal-fired power plant Bitola, it is possible to continue 
electricity production in this power plant up to 2020. After 
closing the currently used pit mining “Suvodol”, the pit 
mine “Brod Gneotino” will be available for supplying coal 
for additional 6 years for one 225 MW unit.  

According to the current coal reserves statistics in 
Macedonia, there are not significant lignite reserves for open 
pit mining exploitation. Consequently, it is not possible to 
build new thermal power plants. Coal import is not a viable 
option because Macedonia does not have a seaport.  

On the other hand, the electricity demand is continually 
increasing, especially the distribution part which increased 
by 6% per year in the period from 1977 to 1997. Using the 
WASP, IAEA tool for energy planning, some scenarios for 
Macedonian power system have been made. Taking into 
account all the characteristics and possibilities of 
Macedonian electricity and energy system, some 
assumptions about the electricity demand start point and 
growth rate have been done in a due of avoiding 
uncertainties. We suppose that the average yearly increase 
will average about 3.75%, 3.25% and 2.75% for the period 
2001-2010, 2011-2020 and 2021-2030, respectively, with 
electricity demand of 7500 GWh in 2001. Also, other 
significant importance is retirements of the existing lignite 
fired TPPs. Fig. 4 and Fig.5 show the results of generation 
expansion planning if the retirement of Bitola 1&2 and 

 
FIGURE 4.  Electricity Demand covering for the case of retirements of Bitola 1,2 & Oslomej in 2014 



 

 

Oslomej will be in 2014, or 2020 respectively, which 
depends on lignite supply. Building new gas and nuclear 
power plants can satisfy the demand. Obviously, in addition 
to utilizing the full capacity of the oil-fired power plant 
Negotino, and the new gas power plant, it will be necessary 
to make significant imports of electricity in the period from 
2000 until 2010. 

If no decision is made, and no preparatory activities are 
taken in the next several years, there will be a significant 
deficit in electricity after 2010. After retirement of coal-
fired power plant Oslomej and retirement of two units of the 
coal-fired power plant Bitola, the condition in the 
Macedonian Power System will become very critical. The 
figures clearly indicate that 2010-2020 there is a need of a 
major power plant in Macedonia. Taking into account 
current trends in the world energy production and 
consumption, and the possibilities for electricity import into 
Macedonia, it is obvious that there is a need to start 
preparing for construction of a nuclear power plant after 
2000. In area of Mariovo, on the river Crna, there is a good 
candidate location for a construction of a combined hydro-
nuclear power complex. This combined power system 
should include two nuclear power plants, each one with 
about 600 MW capacity, and a pumped-storage reversible 
hydro plants. 

CONCLUSION 
Considering the problems associated with fuel 

transport, fossil fuels cost, and market instability, 

Macedonia is not in a position to use liquid fuels as basic 
energy source for electricity production. This leads into a 
conclusion that priority must be given to processing liquid 
fuels in the domestic refinery, especially light oil 
derivatives for efficiency improvement. The option of 
constructing an oil pipe line does not resolve the energy 
problem in Macedonia. In this way, the reduced 
production of crude oil in Macedonia will create an 
opportunity for using gas as energy source for heating. 

Consequently, rejecting the option for using new oil-
fired power plants in Macedonia, the only two options for 
electricity production available in Macedonia are: using 
coal from domestic production, and using nuclear power 
plants. The remaining coal reserves amount approximately 
to 7,5 million tones of lignite in per year, which satisfies 
the current Macedonian needs. However, any increase in 
the rate of utilizing the coal reserves in Macedonia by 
constructing additional coal-fired power plants, will 
reduce the available coal reserves. With existing trend of 
exploitation, active reserve's life time is estimate to about 
20 years. The predicted life of the new coal mines with 
significantly worse exploitation conditions than the 
existing, is about 20 years, which is sufficient for 
supplying only one unit of 225 MW from the TPP Bitola. 

Assuming that the nuclear option will be selected in 
Macedonia, following the period 2010-2015, the shear in 
electricity production will be: 40% from lignite power 
plants, 40% from nuclear power plants, and 20% from 
hydro, gas and oil power plants together. 

 
FIGURE 5.  Electricity Demand covering for the case of retirements of Bitola 1,2 & Oslomej in 2020 



 

 

Using nuclear power plants in Macedonia at the 
beginning of 21st century, will results into several 
advantages: it will prolong the coal lignite exploitation, 
and will provide a smooth introduction of nuclear 
technology in Macedonia. This is a compromise that has 
an additional environmental advantage, i.e., the current 
deteriorating pollution from coal-fired power plants will 
be reduced, thus bringing Macedonia in line with the 
current environmental trends in the world. 
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