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ABSTRACT 

Currently in the Republic of Macedonia, a process for performing feasibilities studies in 
support of the nuclear power program infrastructure development is ongoing. The objective of 
this activity is to collect necessary information for the Government to make a decision to enter 
into a nuclear power program on a regional basis. This paper provides a summary information 
on these activities in Macedonia, discusses recent findings from feasibilities studies, explains 
the need and process for regional cooperation, and describes the activities supported by the 
IAEA project MAK2006. 

1 INTRODUCTION 

Over the past decades nuclear energy has been proven as reliable and economical energy 
supply that is capable of meeting demanding energy market requirements. Following the 
experience of developed countries already in the nuclear power program, many countries 
consider entering into new nuclear energy programs and building new power reactors for 
satisfying their increasing electrical energy needs. Entering into a new nuclear power program 
is a major undertaking requiring careful planning and preparation. Preparations for making a 
decision to enter into a new nuclear energy program also requires financial and human 
resources, time, and assistance from countries with experience in nuclear power programs. 

The International Atomic Energy Agency (IAEA) from Vienna provides technical help, 
financial assistance, and documented knowledge [1, 2, 3] that are important for countries facing 
the challenge of entering into a nuclear program. The IAEA organizes technical courses and 
information exchange meetings for new countries at which experiences and lessons learned are 
provided. 

For the South-East region in Europe, where countries are relatively small with limited 
human and financial resources, it is essential to establish good regional cooperation in 
development and utilization of nuclear energy. Building on some examples of already establish 
cooperation, supported by the IAEA, recently a more active regional cooperation program has 
been initiated. This regional cooperative program is aimed at initiating and maintaining 
cooperation between countries in the region in making decisions to continue using nuclear 
power or to enter into a new nuclear power program. 

This paper describes the key activities in the process for making a decision to enter a new 
nuclear energy program. It describes the efforts currently being conducted in the Republic of 
Macedonia in the direction of collecting information, performing various feasibility studies, 
and engaging in regional cooperation for utilizing experiences of the regional countries in 
performing such activities, and in developing their nuclear power programs. 
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The total installed capacity of electrical energy generating plants in Macedonia is about 
2.040 MWe. The hydro electrical power plants contribute to about 670 MWe, and the thermal 
power plants fueled by lignite about 824 MWe. On the other hand, oil-fueled power plants 
capacity is 210 MWe; the capacity of combined power plants using natural gas to produce 
electrical energy and heat is about 287 MWe; the capacity of the wind power plants is about 
36.8 MWe, and the solar power plants capacity is about 11.6 MWe. It is important to note that 
in the last few years Macedonia covers about 30% of its electrical energy needs with imported 
electrical energy. 

The lignite in Macedonia is currently produced in several lignite mines that are being 
exhausted, and it is estimated that the operating mines will not have lignite beyond 2025. Also, 
as the lignite deposits are being exhausted, the lignite quality varies significantly, and thus 
causes issues with keeping the power plant operation and production level stable. 

Macedonia prepared an energy strategy for electrical energy demand and supply until 
2030, which was accepted by the Parliament in 2010. Recently, the energy strategy was updated 
to 2035, and is being in review in the past few months. The energy strategy is based on 
continuing exploitation of the coal in the current Macedonian mines, as well as in opening a 
few new mines, and considering coal imports. In addition, the updated energy strategy relies on 
increasing use of hydropower, and on increased use of the renewable energy sources (wind 
power and solar power). 

A consideration and emphasise is placed in Macedonia on the option to use natural gas. 
However, geopolitical factors, and global and local economy strongly influence the use of 
natural gas. Recently, because of shortage in the supply with domestic lignite, a consideration 
is placed on imports of coal with high-energy content. Feasibility studies related to the use of 
natural gas are ongoing. 

Because of the complex energy demand and supply situation in Macedonia, including 
shortage of primary energy sources, fast depletion of coal in the currently operating lignite 
mines, and the issues related to supply of natural gas, nuclear energy is being considered in 
Macedonia as an option for addressing the electrical energy shortage at the base load level. 

2 NUCLEAR SITES SELECTION 

As part of Yugoslavia before obtaining independence as a separate country, Macedonia 
actively participated in the Yugoslavian nuclear energy program. During the 70s and 80s in the 
past century, the Electrical Power Company of Macedonia (ELEM) performed a number of 
feasibility studies for identification and selection of possible nuclear sites in Macedonia. The 
site of Mariovo on the south of Macedonia was selected as the best site for future NPP 
construction. 

In 2014 ELEM performed additional seismic studies on the site of Mariovo. These studies 
confirmed that this site can meet the current seismic requirements posted by domestic and 
international regulations. Further mode detailed confirmatory seismic studies are planned, with 
the objective to investigate the impact of local seismic effects. Also, transportation, 
hydrological, meteorological and other studies are being planned in the next few years for the 
Mariovo site and for other potential sites in Macedonia. 

3 COOPERATION WITH THE IAEA 

In the last few years, ELEM and other Macedonian institutions have established 
continuing communication with the IAEA on the topics of interest to Macedonia in the process 
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of gathering information to make a decision on embarking on a nuclear power program. The 
work with the IAEA has the following objectives: (a) to inform the IAEA about the feasibility 
studies that are planned and conducted in Macedonia; (b) to receive technical assistance in areas 
of importance; and (c) to get financial help for sending Macedonian experts to technical training 
in nuclear power education centers. 

This national project MAK2006 is funded by the IAEA in 2014-2015, and its primary 
objective is to train Macedonian experts to use the IAEA methodology for energy demand and 
supply planning. In addition, the Macedonian experts participated in several workshops on 
topics of interest for nuclear power infrastructure development. The IAEA experts have visited 
Macedonia on a couple of occasions, made technical presentations, and delivered technical 
training on the MAED methodology for energy demand planning, and the MESSAGE 
methodology for energy supply planning. 

4 MACEDONIAN NUCLEAR POWER INFRASTRUCTURE ASSESSMENT 

The predecessor company of ELEM conducted the initial work on the Macedonian 
nuclear power infrastructure during 1970s and 1980s, where a strong group for nuclear power 
implementation was established. This group worked under guidance and recommendation of 
the Yugoslav Government, with an objective to prepare the stage to enter into a new nuclear 
power program. During that time, a number of feasibility studies were completed, in particular 
related to the identification and selection of nuclear sites in Macedonia. During this time, 
Macedonia closely collaborated with a number of Yugoslav scientific, engineering and 
educational institutions. As a result, a considerable educational and industrial infrastructure was 
developed to prepare Macedonia as part of Yugoslavia to enter in the nuclear power program. 
Following the Macedonia transformation into an independent country in early 1990s, most of 
the results and achievements in developing nuclear power infrastructure were abandoned. 

A few years ago, the Government decided to revisit to question on potential embarking 
in the nuclear power program. This decision triggered initiation of certain activities, and which 
are summarized in this paper. 

The objective of the ongoing Macedonian nuclear power infrastructure assessment is to 
identify gaps that need to be addressed in order to prepare the infrastructure for embarking on 
a new nuclear power program. The focus of the work conducted so far was to address the most 
important areas of the 19 topics of nuclear infrastructure development as recommended in the 
IAEA documents [1, 2, 3]. As per IAEA guidance, the scope of the work is actually the first 
part of the Phase 1 work in the process of nuclear infrastructure development. The intent at 
ELEM is to slowly and systematically build expertise in the nuclear power engineering fields, 
and follow international trends in nuclear power plant design and implementation. 

The following sections provide a brief summary of the work conducted in the past few 
years.  

4.1. General Feasibility Study 

The Macedonian Government initiated the first general nuclear power program feasibility 
study in 2011. This study completed in 2012 and was focused on the assessment of the 
advantages and challenges of the potential use of nuclear power in Macedonia [4, 5]. The 
following tasks were in the work scope of this study:  

i. Review and assessment of the energy demand and supply in Macedonia based on the 
national energy strategy; 
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ii. Review of the requirements and guidance by the IAEA for the countries that plan to 
enter into a new nuclear power program; 

iii. Review of the energy situation around the world; 
iv. Analysis of the countries that recently entered or are in the process of entering into a 

new nuclear power program that are interesting for Macedonia; 
v. Assessment of the potential sites in Macedonia for a new NPP build; 

vi. Assessment of the elements in the national infrastructure required for entering into a 
new nuclear power program, including an assessment of the legal infrastructure in 
Macedonia; 

vii. Suggested a preliminary time line for Macedonia to enter into a new nuclear power 
program; 

viii. Assessment of preliminary options for nuclear power implementation in Macedonia; 
ix. Recommendations were proposed to the Macedonian Government for tasking 

following steps. 
The process for collecting necessary information for making a national decision for 

implementation of nuclear power program in Macedonia was moved to ELEM, where the initial 
steps are taken for establishing a dedicated organization for conducting the Phase 1 work, i.e. 
the Macedonian Nuclear Energy Program Implementation Organization (NEPIO). An initial 
NEIPO group was established at ELEM, which is expected to be fully staffed in the next few 
years. At that time, if a decision to enter into a new nuclear power program is made, the NEPIO 
organization would be transformed into a separate independent organization reporting to the 
Macedonian Government. 

4.2. Feasibility Study on Human Resource Development 

Embarking on a new nuclear energy program is a complex process for every country, 
especially for countries that do not have appropriate level of nuclear industrial development 
and institutional organization. The nuclear technology imposes very specific and unique 
requirements in all infrastructure areas, particularly in the human resources, and particularly 
related to the nuclear power plant operation, fuel cycle management, nuclear waste 
management, and radiological protection. 

ELEM has completed a feasibility study on the human resource assessment of the current 
situation in Macedonia. This study is being conducted in several phases. The key elements of 
this study were: 

 Assessment of the potential human resource gaps in Macedonia as per the IAEA 
guidance documents; 

 Review of human resource development activities in the countries of South-East 
Europe that already have ongoing nuclear energy programs, and in countries that are 
in the process of human resource development; 

 Review of the existing national electrical power industrial infrastructure; 

 Assessment of the educational programs currently available in Macedonia that are 
useful for nuclear resource development; and 

 Review of possible options in human resource development in Macedonia. 

In the study on human resource requirements, an analysis of the current situation in 
Macedonia in human resources is presented, and recommendations provided for future steps to 
address the identified gaps and weaknesses. The following main conclusions were made: 
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 The existing educational infrastructure in universities in all three levels (first, second 
and third cycle of study) covers the necessary study curriculums required for support 
of nuclear power infrastructure, but mainly in non-nuclear professions and activities, 
engineering studies, natural sciences, and in other branches. 

 The gap in specific education in nuclear engineering in the first phase may be covered 
by (a) sending Macedonian professors and technical experts to education institutions 
in the region and in developed countries; (b) participation in regional and international 
training courses and workshops on specific areas of nuclear engineering; and (c) 
inviting visiting professors from developed nuclear power engineering centres to the 
universities in Macedonia. 

Three main options were considered for human resource development in Macedonia. The 
first option is to develop national-specific human resources educated at the educational 
institutions in Macedonia. This is the most financially-demanding, time-consuming, and 
challenging option. The second option is to use educational institutions in regional countries, 
which is more effective and can deliver results sooner. The third option is to use human 
resources jointly with other countries in the region. This is the most effective and the least 
financially challenging option, and at the same time the fastest option. 

4.3. Feasibility Study Site Seismic Adequacy 

ELEM has initiated in 2014 a feasibility study to evaluate and reconfirm the seismic 
adequacy of the site of Mariovo. This feasibility study is being conducted in several phases. 
The objectives of the first and the second phase of this study were: 

 to review siting documentation prepared in the 80s; 
 to confirm site acceptability from the seismic aspect; 
 to identify gaps as per IAEA guidance documents in this area; and 
 to identify further work that is needed to confirm site acceptability. 

In the first phase of the seismic study of Mariovo site was focused on review and 
categorization of the previously completed studies. The conclusions of this phase confirmed 
that a systematic investigation has been completed in late 1970s and early 1980s, which was 
used to accept this site as a good site for NPP implementation.  

The second phase was focused on the determination of the required seismic parameters 
for the site of Mariovo that in line with the current international seismic requirements for NPP 
new builds. The seismic results obtained so far confirmed that the site of Mariovo is adequate 
and it meets the current international seismic requirements. 

4.4. Feasibility Study on Transmission Network Capability 

In line with the international guidance and national requirements, connecting a nuclear 
power plant to a national transmission system requires certain network conditions to be met. 
The Macedonian Power Transmission Company MEPSO prepared a study which was aimed to 
investigate the Macedonian and regional transmission network capability and connections to be 
able to build a nuclear power plant in Macedonia. The Macedonian power system is well 
connected to the neighbouring countries and with Europe (member of ENTSO-E), and is 
currently transmitting large amounts of electrical energy with the neighbouring countries. 

The analysis of the Macedonian power transmission system was performed with a nuclear 
power plant capacity of 1000 MWe. Since Macedonia is a part of the European system in which 
the total system reserved capacity is 3000 MWe, a connection of a nuclear power plant in 
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Macedonia is not expected to create problems in the primary regulation. Assuming that the 
systems for protection and reduction of the power load will be appropriately designed, the 
electrical power transmission system in Macedonia with a NPP in the system will retain stable 
operation even in the case of NPP outage. 

In this study the NPP was assumed to be located on the Mariovo site, which is close to 
one of the main 400 kV transmission line, that is part of the local transmission loop. Certain 
improvements are planned to this local transmission loop that will connect it effectively with 
the rest of the Macedonian power transmission network.  

The completed analysis confirmed that connecting a nuclear power plant located at the 
Mariovo site to the electrical power transmission system of Macedonia, the neighbouring 
countries and the rest of Europe meets all defined requirements by the ENTSO-E. 

5 ENERGY PLANNING ACTIVITIES 

One of the main tasks in the IAEA Project MAK2006 that is ongoing at ELEM in 2014-
15 is the energy planning training and assessment. Macedonia has a national energy strategy 
that is based on planning activities performed in Macedonia in the past 10 years. However, in 
other to demonstrate the benefits of a nuclear power plant implementation program in 
Macedonia, with coordination with IAEA, ELEM has performed a limited energy demand and 
supply analysis. 

The energy planning is a part of the energy policy in the sectors of energy and economy. 
The planning process includes activities related to the energy supply, and the forecasting of the 
consumption and the production of electricity. Specific tools and methodologies were 
developed internationally for this purpose, which are used by the IAEA and member countries 
to ensure good understanding of the benefits and risks with the nuclear power plant 
implementation. The Macedonian Government used a different methodology for the 
preparation of the national energy strategy, so using the IAEA tools was considered useful to 
compare results obtained with a different methodology. 

MAED (Model for Assessment of Energy Demand) is a software model used by the IAEA 
for forecasting of the energy consumption (demand) in a national energy system. It uses a 
simple mathematical model with detailed analysis on all the sectors of consumption. The 
MAED model evaluates future energy demand based on the medium to long-term scenarios of 
socio-economic, technological and demographic developments. The approach used in MAED 
is bottom-up, using detailed access, many input data and takes into account the political 
measures and technical changes.  

MESSAGE (Model for Energy Supply Strategy Alternatives and their General 
Environmental Impacts) is a software used for development of the optimal scenarios for energy 
supply. The IAEA project at ELEM was focused on the electrical energy supply, although the 
IAEA models are applicable to overall energy demand and supply assessment. The model is 
developed to include and to elaborate on alternative sources of supply. The user defines 
constraints such as new investments, availability of fuels and technology, regulation and 
representation of new technologies. MESSAGE has the opportunity to validate the effects on 
the environment and the amount of gas emitted into the atmosphere from a variety of 
technologies. 
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6 REGIONAL COOPERATION 

In the past 3 years, under the leadership of a team of experts from ELEM, a number of 
activities are carried out to initiated, enhance and encourage regional cooperation in support of 
a regional nuclear energy program. The countries in the South-Eastern Europe are relatively 
small, and their economies are not as developed as necessary to independently carry out a 
nuclear power program implementation or expansion. Therefore, they need to cooperate and 
work together in the planning and implementation phases, or to find ways to attract capable and 
interested investors to support a nuclear power program. 

The Macedonian national regional cooperation program is aimed to initiate and maintain 
bilateral cooperation with the regional countries, primarily with Bulgaria and Slovenia. These 
countries have already existing nuclear power programs, with operating nuclear power plants, 
and generally belong to a similar industrial and educational infrastructure culture. 

The first regional workshop on regional cooperation and sharing of experience was 
organized by the IAEA in Macedonia in September 2013 [6]. At this workshop, most of the 
regional IAEA member countries participated. This was considered a very successful workshop 
by the IAEA and the participated countries, so it continued in the next two years (2014 and 
2015) in Romania, and is likely to be supported by the IAEA in the following years. 

Cooperation with Bulgaria was initiated a couple of years ago by the Macedonian 
Academy of Sciences and Arts (MANU) and the Bulgarian Academy of Science (BAN). This 
cooperation was organized via a 3-year cooperative program in the period 2014-16. As part of 
this program a number of bilateral meetings were held in Bulgaria and Macedonia at which 
regional cooperation topics were discussed. 

In April 2015, IAEA organized a regional workshop in Macedonia, at which Bulgarian 
experts made several presentations covering the Bulgarian experience and lessons learned in 
their nuclear power program. Also, possibilities for regional cooperation were discussed, 
options were considered, and path forward defined on future cooperation in educational and 
scientific programs. 

In May 2015, IAEA organized another regional workshop in Macedonia, at which 
Slovenian and Croatian experts made presentations on their experience in the nuclear power 
program. A particular attention was focused on their experience in the cooperation over the past 
30 years, considering that they jointly own and operate the Krsko plant located on Slovenian 
territory. This aspect is of most importance for Macedonia because of the possibility for future 
regional nuclear power cooperation. 

7 CONCLUSIONS 

The electrical energy strategy in Macedonia supports diversification of electrical energy 
supply from various sources. This energy strategy leaves an option for utilization of nuclear 
energy in the future. The Macedonian Government has initiated a long term systematic program 
for investigation and preparation for making a decision in future to embark on a nuclear power 
utilization. As part of this plan a number of activities are being performed by the Electrical 
Power Company of Macedonia (ELEM), in cooperation with other Macedonian institutions, 
and the Macedonian Government. 

In cooperation with IAEA, through the national project MAK2006, a number of activities 
and feasibility studies are being performed in Macedonia with the objective to better understand 
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the requirements, consequences and outcomes of a nuclear energy program, as well as to assess 
the level of preparedness of the Macedonian industrial infrastructure for this purpose. 

Being a relatively small country with a relatively small economy, it is recognised in 
Macedonia that one way to embark on a new nuclear power program would be by using regional 
cooperation, or by partnering with a nuclear developed country. Therefore, Macedonia initiated 
and systematically continues to build a regional cooperative program with the neighbouring 
countries which have similar plans for embarking on a nuclear power program, or already have 
experience in running a nuclear power program. 
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