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INTRODUCTION
[bookmark: _Toc383179022][bookmark: _Toc393011739]Renewable energy resources

Climate is the primary energy resource that made fossil resources, coal and oil. Current manifestation of the climate as a resource is through solar and eolian energy, and biomass energy. Today, humanity produces energy mainly by burning coal, construction of large dams or in nuclear power plants and thus consumes non-renewable resources, pollutes the environment and lives in constant fear of possible new nuclear disasters. Globally speaking, we can say that in "its energy history", the world came to the end of an era when non-renewable energy sources cannot be the basis for planning future development and when the question is - what's next?
The answer can be found in renewable energy sources. One of the characteristics of renewable energy sources is that their stocks do not decrease during their usage as the fossil fuels stocks do, they are available in huge quantities, and, very importantly, they do not pollute the environment. Wind and solar power are the most used renewable energy sources in the world today. In addition to being an environmentally clean energy, an important factor for a significant expansion is the fact that the exploitation of renewable energy sources has become economically competitive. All over the world, especially in the European Union, a sudden increase in the application of all forms of renewable energy has happened in recent years. Direct use of renewable energy sources is not the only way to improve the energy situation. Recently, improving energy efficiency is becoming more important together with the strategy of rational use of energy. Basically, it's about using the influx of solar energy and the simultaneous reduction of energy losses.
[image: 3709.jpg]
[bookmark: _Toc383179464][bookmark: _Toc393011888]Image 1. Use of renewable energy sources
The possibility of obtaining energy from renewable energy sources have not yet been fully tested, but let's try to look at the potential of this possibility. The short answer to the question of how much energy we can get is: more than we need. However, in order to clarify, we need to know how much energy we consume and how many different energy sources are available. All the rivers of the world have just enough energy potential to satisfy our current needs. The energy potential of ocean waves, as a result of the tides, is sufficient to produce twice as much energy than we need. Geothermal potential is five times higher, while the world's biomass potential is about twenty times higher than our needs. The wind potential is two hundred times higher, and the potential of solar energy on our planet is 2850 times higher than the current annual energy needs.
[bookmark: _Toc383179023][bookmark: _Toc393011740]Solar Energy

The Sun is a sphere with a diameter of about 1.4 million kilometres. The mass of the Sun is about 330,000 times greater than Earth's and it accounts for about 99% of the mass of our planetary system. About 75% of the mass of the Sun is hydrogen, 24% is helium, and the rest are other known elements. Surface of the Sun as seen from Earth is called the photosphere and it has an average temperature of 6000°C and the pressure of 0.01 bar, with the thickness of several hundred kilometres. Outside the photosphere there is the chromosphere with the thickness of 3,000-10,000 km consisting of glowing hydrogen. Above the chromosphere there is the corona, wide layer consisting of low density gases. Thickness of this layer varies from several hundred thousand to over one million kilometres. Numerous thermonuclear reactions are happening inside the solar mass. The temperature of 15x106 K, with a pressure of 70x109 of atmospheric pressure allows the fusion of light particles (hydrogen nucleus) and the creation of liquid particles (helium nucleus). Fusion is considered to be a process in which particles of hydrogen atoms combine to form a single atom of helium with small amounts of mass loss, which appears in another form to according to Einstein's equation E = mc2.
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[bookmark: _Toc383179465][bookmark: _Toc393011889]Image 2. The Sun
The Sun is a common source of all renewable energy sources, whose capacity can be considered unlimited. Solar energy is a resource that is, depending on the climate of the area, to a greater or lesser extent available to all people. Sun energy received by the Earth is about 1.8x1011 MW which is several times more than all energy needs. This energy can be used to produce electricity, as well as thermal energy. Most forms of energy on Earth was created and is being created by solar radiation. Use of solar energy reduces the need for fossil fuels thus reducing the environmental pollution caused by their combustion. Solar energy does not produce greenhouse gases that cause global warming and radioactive waste.
Sunlight causes temperature changes that cause winds and ocean currents, the survival of plants and animal life and is essential for maintaining the water cycle of rivers and seas. Without the Sun, our planet would not be able to maintain the living world, and it would not be warm enough to maintain the geothermal resources underground. Even the fossil fuels, that are sometimes called the "old biomass" by the environmentalists, accumulated the energy of the Sun. The importance of the Sun in our daily life is also very important. Because of the Sun we do not need flashlights all day, we do not need to heat our homes during certain seasons, we can dry laundry outdoors, preserve food without the need for chemicals, we can go on vacation to warmer destinations in order to enjoy the Sun and its heat etc.
The heat which comes from the Sun to the Earth is a major source of energy and its annual theoretical potential is 5.6x106 EJ, while humans use only a small part of this energy through fossil fuels (Image 3). It is interesting how the sun's energy, in fact, is a source of most other energy sources, such as energy of fossil fuels, water flows, wind, etc. 
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[bookmark: _Ref372472401][bookmark: _Toc383179466][bookmark: _Toc393011890]Image 3. Distribution of heat coming to Earth from the Sun
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Modern scientific achievements and acquired experience in the field of technology of using solar
energy have shown that solar energy can be used in the transformed form which
can successfully replace the use of traditional forms of energy. From the experimental phase
of the use of solar energy many economically developed countries in the world have switched to
mass use of solar energy (active and passive), particularly in meeting the needs of
population and industry related to the heating, air conditioning and lighting of residential and commercial premises. In addition, the trend of designing energy efficient buildings is very expressed.
The conversion of solar energy is done using thermal solar collectors and using
photovoltaic cells. Thermal solar collectors are used to generate hot water and heating of
space, and the photovoltaic cells are used to produce electricity directly from the solar
energy. The expansion of photovoltaic cells has been enabled through significant technological progress during the last decade. The coefficient of useful effect has been doubled, from about 7% to 15%.
Solar energy can be used as an inexhaustible source of energy by using solar panels. Solar radiation, either direct or indirect, even during the misty days, reaches the collector surface and it is a source of solar energy. It can save precious fuel and thus lower costs, but also the emission of harmful substances into the environment. With the collector with the area of only 6m2, the release of up to 1,000 kg of CO2 is avoided annually. Use of solar technology offers great possibilities, regardless of whether you are planning the production of electricity or to increase the value of the heating system, whether you want only to prepare hot water or implement and support the heating system.
[bookmark: _Toc383179024][bookmark: _Toc393011741]Basic principles of solar energy use
[bookmark: _Toc383179025][bookmark: _Toc393011742]Technology overview

The need for energy, especially electricity, in the world is constantly increasing. On an annual basis, the growth rate of the demand for electricity is 2.8%. The primary sources of electricity use mainly the non-renewable sources of energy. If the growth rate would be satisfied, it would lead to excessive environmental pollution and depletion of existing reserves. These conditions of production and consumption of electricity cause constant increase in electricity prices.
The inclusion of renewable energy sources and global energy development strategy has become ecologically and economically justified, and highly developed countries invest huge capital and engage a large number of experts in the development of a system for the use of renewable energy sources.
Future Energy should completely turn to renewable energy sources, which will stop any unreasonable and irreversible "burning" of non-renewable fossil fuels which were created by solar energy millions of years ago. By the end of the 21st century, non-renewable energy sources, such as coal, oil, gas and nuclear energy, will almost certainly be replaced by new, renewable, environmentally clean, natural energy sources such as the Sun, wind, water and biomass. 
The term use of solar energy in the narrow sense is only its immediate use in its original form, i.e. not like the wind energy or the energy of fossil fuels. Solar energy can be exploited actively or passively. Active solar energy involves direct transforming solar energy into thermal energy or electricity. In doing so, the thermal energy is obtained by using solar collectors, and electricity by using photovoltaic (solar) cells. Passive use of solar energy is the direct use of solar heat through adequate construction of buildings (location, use of adequate materials, suitable layout of the rooms and glass surfaces, etc.).
The most commonly used technology for the use of solar radiation is based on the principle of thermal effects of solar radiation, whereby solar energy is transformed into heat in the absorber of solar energy receivers (thermal collectors). In these types of collectors the efficiency of transformation of incident solar energy into useful heat is 35-55%. Compared with the production of energy from photovoltaic cells or wind generators, the use of solar collectors is the most economical today and it can be applied by individual users to larger systems. Poor countries would have to make an effort and start the development of the production of what is most appropriate, rather than to import expensive energy resources, and they need to make it economical.
Another way of using solar energy is the production of electricity. The electricity is produced from solar energy in two different ways: indirectly through thermal cyclic process in solar power plants and directly through the use of photo effect in solar panels. The first approach is much more economical, but there is a growing interest for the second approach and it is rapidly developing. The reason is reflected in the fact that this technology is silent, environmentally clean, and there is no wear of moving mechanical parts that require frequent servicing.
[bookmark: _Toc383179026][bookmark: _Toc393011743]The position and orientation of the solar panels

Almost all of the solar energy that comes to the Earth's surface is in the range of wavelengths from 0.3 microns to 2.5 microns. The maximum intensity of solar radiation of 2207 W/m2 m are carried by the beams of wavelength of 0.48 m. The objects on the Earth's surface absorb this energy and retransmit it in the infra-red region, i.e. in the range of wavelengths from about 2 microns to about 30 microns. The fact that the solar spectrum and spectrum of the panels overlap in a very narrow wavelength range is used to obtain selective absorbers. The optical properties of the absorber, described by absorption and transmission factors heavily influence the performance and efficiency of the panels. The ideal selective absorber should almost completely absorb incoming solar radiation and emit minimal heat (infra-red radiation).
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[bookmark: _Toc383179467][bookmark: _Toc393011891]Image 4. The intensity of the normal solar radiation, depending on the wavelength

The strength of normal solar radiation to the surface of the outer limits of the Earth's atmosphere, at mean distance from the Sun, is called the solar constant. The mean value of the solar constant is 1,373 W/m2 and it corresponds to the area under the curve A in the image above. However, the change of intensity during the year is affected by the distance from the Sun, and it changes due to slightly elliptical orbit of the Earth. The maximum value of the total solar radiation is 1,417 W/m2 at the nearest position of the Earth relative to the Sun, and the minimum is when the Earth is farthest from the Sun and then the value is 1,328 W/m2.
Depending on how and where the collectors are placed (orientation, slope, shading and type of installation) the solar yield of the solar system changes. The largest yield is obtained from the solar panels installed on the pitched roof on the south side of the building. The panels on the east or west side of the building only yield about 80%, while panels installed on the façade provide only about 70%.
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[bookmark: _Toc383179468][bookmark: _Toc393011892]Image 5. Solar yield depending on the position of the solar panel

Shadows also reduce energy gain, so the solar farm should be placed and dimensioned so that there is little influence of the shadows of the surrounding buildings, trees, etc. When installing on the façade or lying down on flat roofs it is recommended to increase the panel surface by 20 to 30%.

[image: ]

[bookmark: _Toc383179469][bookmark: _Toc393011893]Image 6. Possible layouts of solar panels installation

There are different possibilities of layout and installation of solar panels. They can be installed on pitched roofs, installed (integrated) into the roof, integrated in the façade, installed on a flat roof or freely mounted (Image 6). Minimum clearances to the brink of a roof must be maintained. Outside these areas an increased wind turbulence might occur. In addition, the access to the installation for maintenance and control is difficult. The panels can be fixed to the firmly mounted substructure or on a concrete slab. When mounting on concrete slabs, the panels must be secured against sliding and lifting by using weights This requires additional structural analysis. Sliding can cause the panels to move on the roof surface under the influence of wind, caused by insufficient static friction between the roof surface and the fixed panel system.
Examples of positions A, B and D are given in the following photographs.
[image: ] [image: ] [image: ]
[bookmark: _Toc383179470][bookmark: _Toc393011894]Image 7. Examples of installation of solar panels

Usually in our latitudes the slope of panels is 35° to 45°. In this way the given compromise achieves that from spring to autumn the panel receives sunlight of averagely 7-8 hours a day. If we want the panel to be more efficient in winter, and less efficient in the summer, we need to set it steeper. Even vertically mounted panel (e.g. on the south wall of the building) can operate well in winter. However, it is best to calculate the optimal slope of the panels according to the given conditions. When choosing the panel the cost effectiveness must not be forgotten, so it is necessary to find a compromise between the efficiency and the cost of collectors. It is necessary to observe not only the price of the panel, but also the price of the entire system.
[bookmark: _Toc383179027][bookmark: _Toc393011744]European Union Directives

The growing concern about global warming and energy dependence are forcing the European Union (EU) to modernize its approach to energy production and consumption, and without delay. Locally available renewable energy sources can significantly help with this problem with small or low levels of CO2 emissions. In 2005 renewable energy sources accounted for 8.5% of total energy consumption in the EU Member States. By 2020 the goal is to increase the share of renewable energy sources to 20%. 
In light of the commitment to the Kyoto Protocol, the increased use of electricity produced from renewable energy sources is the best possible tool in the fight against climate change. By emphasising the renewable sources it is also possible to contribute to rural development. This allows for the development of small local enterprises and the expansion of market at the regional level.
In order to encourage the development of renewable energy sources and to increase their application, the European Union issued directives to Member States, which oblige them to use renewable energy sources according to their potential. The process of approaching the EU requires Bosnia and Herzegovina and Serbia to harmonize their energy policies to the energy policy and directives of the EU, and to achieve the goals related to the share of use of renewable energy sources in total electricity production.
Directive 2005/89/EC concerning measures to safeguard security of electricity supply and infrastructure investment, as well as Directive 2009/28/EC on the promotion of the use of energy from renewable sources and 2010/31/EU[footnoteRef:2] on the energy performance of buildings, are part of the  Energy Community acquis communautaire. Bosnia and Herzegovina and Serbia as the contracting parties of the Energy Community, should implement the legal framework of the European Union. The Treaty establishing the Energy Community requires the contracting parties, not only to implement the important parts of EU legislation in the field of electricity, natural gas, renewable energy sources, environment and competition, but also to adopt measures to encourage the development of energy efficiency, taking into account its benefits for security of supply, environmental protection, social cohesion and regional development (Art.  2.1 (d) and 35 of the Treaty establishing the Energy Community). These directives should be implemented in the legislation of Bosnia and Herzegovina and Serbia in order to fulfil the obligations towards the Energy Community[footnoteRef:3]. [2:  After the Lisbon Treaty has entered into force on 1st December 2009, all directives adopted by the European Union are labelled with the EU mark, and not the EC, as the European Community seized to exist as a legal concept after the Lisbon Treaty]  [3:   The Treaty establishing the Energy Community of South East Europe, 2005] 
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[bookmark: _Toc383179471][bookmark: _Toc393011895]Image 8. Schematic diagram of the Energy Community acquis communautaire

[bookmark: _Toc383179028][bookmark: _Toc393011745]Directive 2009/28/EC on the promotion of the use of energy from renewable sources

The purpose of the Directive 2009/28/EC is to establish a common framework for the promotion of the use of energy from renewable sources. The recommendations given here are binding on the Member States in order to increase the share of energy from renewable sources in the total energy consumption, as well as in their mutual trade in energy. The Directive sets out mandatory targets to be achieved in the EU-27 by promoting the use of renewable energy sources in electricity, heating and cooling, as well as in the transport sector to ensure that renewable energy makes up at least 20% of total energy consumption in the EU by 2020. The EU Member States have different potentials of renewable energy sources, and therefore have different models of promotion and use of renewable energy sources at the national level. The EU Member States pass their own models and way of promotion of the use of renewable energy, but they are obliged to consider and implement the recommendations of this Directive. The Directive 2009/28/EC repeals the Directive 2001/77/EC on the promotion of electricity produced from renewable energy sources in the internal electricity market and the Directive 2003/30/EC on the promotion of the use of biofuels or other renewable fuels for transport[footnoteRef:4]. [4:   Directive 2009/28/EC on the promotion of the use of energy from renewable sources, 2009] 


[bookmark: _Toc383179029][bookmark: _Toc393011746]Directive 2010/31/EU on the energy performance of buildings

Due to the large, unexploited potential for energy savings in buildings, proposal of new, edited Directive on the energy performance of buildings was announced. Proposal for a new Directive is the introduction of more strict requirements related to the energy systems of buildings, taking into account outdoor climatic and local conditions as well as indoor climate requirements and cost effectiveness. It is noted that it is necessary to adopt concrete actions with a goal to exploit the great potential for energy savings in buildings. The Directive also points to the under-utilization of renewable and alternative energy systems in buildings and asks for their mandatory consideration for all new buildings regardless of size, as well as for existing buildings at major reconstructions. Member States are asked to prepare national plans for increasing the number of nearly zero-energy buildings, and regular reporting to the European Commission. It is suggested to introduce more financial mechanisms to encourage energy efficiency at national and European level. The sector of public buildings must take a leadership role in the area of increasing energy efficiency in buildings and set more ambitious goals for public buildings[footnoteRef:5]. [5:   Directive 2010/31/EU on the energy performance of buildings, 2010] 

Member States shall apply a methodology for calculating the energy efficiency of buildings based on a general framework which can be found in Annex I to this Directive. Among the aspects on which the methodology will be established, there are passive solar systems and solar protection, as well as active solar systems if they are relevant for the calculation.
In addition to this methodology the Directive stipulates that Member States must ensure that prior to commencement of construction of new buildings consideration must be given regarding the technical, environmental and economic feasibility of alternative systems, such as:
· decentralised energy supply systems based on energy from renewable sources,
· cogeneration,
· district or block heating or cooling, particularly where it is based entirely or partially on energy from renewable sources,
· heat pumps[footnoteRef:6]. [6:  Directive 2005/89/EC concerning measures to safeguard security of electricity supply and infrastructure investment, 2005] 


[bookmark: _Toc383179030][bookmark: _Toc393011747]Directive 2005/89/EC concerning measures to safeguard security of electricity supply and infrastructure investment

Directive 2005/89/EC concerning measures to safeguard security of electricity supply and infrastructure investment was adopted on 18th January 2006. The single EU electricity market necessitates transparent and non-discriminatory policies on security of electricity supply. It is necessary to harmonize the rules between Member States and grant the rights and responsibilities to individual actors in the electricity sector. In promotion of renewable energy sources it is necessary to ensure the availability of spare capacity in order to ensure reliable and safe operation of the network. Cooperation between national transmission system operators in issues relating to network security including definition of transfer capacity, information provision and network modelling is vital to the development of a well-functioning internal market. Therefore, the Directive establishes measures to achieve security of supply and proper operation of the market, which should provide an adequate level of production capacity, the proper balance between supply and demand and the appropriate level of system connection through interconnecting lines in order to develop the market.
Security of electricity supply is defined as the ability of the electricity system to supply final customers with electricity. In implementing the above measures, the Member States shall take account of:
· the importance of ensuring continuity of electricity supplies,
· the importance of a transparent and stable regulatory framework,
· the internal market and the possibilities for cross-border cooperation in relation to security of electricity supply,
· the need for regular maintenance and, where necessary, renewal of the transmission and distribution networks to maintain the performance of the network,
· the importance of ensuring fulfillment of goals regarding the promotion and development of renewable energy sources and cogeneration pursuant to the Directive 2001/77/EC on the promotion of electricity produced from renewable energy sources in the internal electricity market and Directive 2004/8/EC on the promotion of cogeneration based on a useful heat demand in the internal energy market, insofar as their provisions are related to security of electricity supply,
· the need to ensure sufficient transmission and generation reserve capacity for stable operation,
· the importance of encouraging the establishment of liquid wholesale markets.

[bookmark: _Toc323114744]In addition to the above Directives, which should be implemented in the legislation of Bosnia and Herzegovina and Serbia, there is another directive which is important to mention because it is indirectly related to renewable energy sources: Directive 2010/75/EU on industrial emissions.
[bookmark: _Toc383179031][bookmark: _Toc393011748]Directive 2010/75/EU on industrial emissions

Directive 2010/75/EU of the European Parliament and the Council on industrial emissions modifies: the IPPC Directive, the Waste Incineration Directive (2000/76/EC), the Directive on Large Combustion Plant - LCP Directive (2001/80/EC), the Directive volatile organic compounds due to the use of organic solvents - VOC Solvents Directive (1999/13/EC) and the Directive on titanium dioxide. These Directives shall cease with effect as of 7th January 2014 without prejudice to the obligations of Member States concerning the time limits for transfer into their national legislation. Directive prescribes the rules on integrated prevention and control of pollution resulting from industrial activities. It also prescribes rules intended to prevent or, where that is not applicable, to reduce emissions into air, water and ground, and to prevent formation of waste, in order to achieve a high level of environmental protection as a whole. The Directive contains obligations of the individual and/or continuous emission monitoring using highly standardized measurement techniques in order to provide a valid assessment of the measured pollutant emissions and compliance with the prescribed emission limit values​​.
[bookmark: _Toc383179032][bookmark: _Toc393011749]Policy and future activities of the EU

In the communication of June 2012, Renewable Energy: a major player in the European energy market  (COM(2012) 0271) from the European Commission, specifies the areas in which it is necessary to invest an additional effort in the period from 2012 to 2020 in order to ensure that the energy production from renewable energy sources continues to grow even after 2030. The objective of this policy is to achieve cheaper, more competitive and market-oriented energy from renewable sources (with support programs dedicated only to less developed technologies), and to encourage investment in renewable energy (through the gradual abolition of subsidies for fossil fuels, effective carbon market and properly established taxes on energy). In addition, improvement of the legal framework for trade in energy from renewable sources and cooperation with the third countries are also mentioned. 
[bookmark: _Toc383179033][bookmark: _Toc393011750]Energy Roadmap 2050

The Directive 2009/28/EC on the promotion of of the use of energy from renewable sources prescribes that in 2018 a plan for the period after 2020 shall be established. The European Union is already working on creating a framework for energy until 2050 called the Energy Roadmap 2050 (COM(2011) 0885/2). The first documents have already been made​​, and the discussion and adoption by the EU authorities is imminent.
Renewable energy has a key role in the Commission's mentioned long-term strategy. According to the scenarios for decarbonisation of the energy sector which are presented in the communication, the share of renewable energy by 2030 should be at least 30%. However, the plan also predicts that the growth of renewable energy after 2020 will decrease unless further measures are adopted. 
[bookmark: _Toc383179034][bookmark: _Toc393011751]The Green Paper

After the publication of the Green Paper - A 2030 framework for climate and energy policies (COM (2013) 0169), in March 2013, the Commission has started a broad public consultation on the objectives that the EU should set for 2030. These objectives are related to greenhouse gas emissions, renewable energy and energy efficiency, and whether these objectives should be binding and on which level (EU, Member States, sectoral or sub-sectoral) they should be applied.
[bookmark: _Toc383179035][bookmark: _Toc393011752]Electricity from renewable energy sources

[bookmark: content]Preparing the electrical infrastructure for the extensive use of renewable energy is one of the main objectives of the strategy Energy 2020. The European Strategy for Competitive, Sustainable and Secure Energy COM(2010) 639 final is a part of the Energy Roadmap 2050 (COM(2011) 0885/2) as well as of the Energy Infrastructure Package (Regulation (EU) number 347/2013 on guidelines for trans-European energy infrastructure). In this context, the following projects are considered to be priorities: North Sea coastal grid that directly connects the electricity infrastructure to the consumers in Northern and Central Europe, and to the hydroelectric power plants in the Alps and the Scandinavian countries; grids in Southwestern Europe which are used to transmit energy produced from wind, sun and water to the other parts of the continent; better connections in Central, Eastern and Southeastern Europe which support the inclusion of energy from renewable sources. Promotion and development of a new generation of renewable energy technologies is also one of the key elements of the European Strategic Energy Technology Plan (COM(2007) 723).
[bookmark: _Toc383179036][bookmark: _Toc393011753]The objectives and strategies of the feasibility study

The main objective of making this Study is the encouragement of preparation of concrete plans for the use of available energy resources and increasing the share of renewable energy sources, based on the existing energy infrastructure, past experiences of using renewable energy sources and determining the potential of renewable energy in the city of Bijeljina and municipality of Bogatić.
Specific activities in the Study include: 
· Analysis of the energy infrastructure; 
· Data collection and analysis of past experiences of using solar energy; 
· Review of strategic documents and legal framework governing the use of renewable energy sources at the level of the European Union, Bosnia and Herzegovina, the Republic of Srpska, the Republic of Serbia, the city of Bijeljina and the municipality of Bogatić; 
· Assessment of the solar energy potential ; 
· Analysis of financial mechanisms to initiate and implement projects of solar energy use in public buildings.
Long-term benefits of adopting and implementing the Study are:
· The economic development of the city of Bijeljina and the municipality of Bogatić;
· Increase of the energy independence of the selected public buildings of the city of Bijeljina and the municipality of Bogatić who decide for themselves which way to go in terms of their further energy development;
· Reduction of emissions of pollutants into the atmosphere and healthier living environment.
[bookmark: _Toc383179037][bookmark: _Toc393011754]
SOLAR ENERGY POTENTIAL IN THE REGION
[bookmark: _Toc383179038][bookmark: _Toc393011755]Climate characteristics and potential of solar energy in the region
[bookmark: _Toc383179039][bookmark: _Toc393011756]Climate characteristics of Bosnia and Herzegovina

Bosnia and Herzegovina is located in the western Balkans, bordered by Croatia to the north, northwest and south, Serbia to the east, and Montenegro to the southeast. Bosnia and Herzegovina consists of two geographic and historical parts: the larger Bosnian part on the north (approximately 40,000 sq km) and smaller part of Herzegovina in the south. Bosnia is mainly mountainous country, and the same applies to Herzegovina, but they have different characteristics of the soil.

The mountains slope down to the hilly region of Posavina in the north, and further into the Pannonian Plain. Dinaric part of Bosnia stretches from west to east. Herzegovina consists of mountain (high) and Adriatic (low) Herzegovina, which has a contact with the Adriatic Sea in the narrow area between Neum and Klek Peninsula. There are several important plains or fields, which stretch along the largest Bosnian rivers (Una, Vrbas, Bosna, Drina), from south to north, or in the case of Neretva River from north to south, and a special shape in the landscape are vast karst fields in the southwest, south and southeast of the country (Livanjsko field, Duvanjsko field, Popovo field). 13.6% of Bosnia and Herzegovina is covered by fertile land, and only 2.96% of the land is used for agriculture, while 83.44% of land is agriculturally almost unused.

The climate of Bosnia and Herzegovina is conditioned by the main climate factors: geographical location, geological substrate, relief, coverage of the terrain by plant communities and proximity to the Mediterranean. In addition to these main factors, there are also extreme factors that significantly influence the overall climate picture of Bosnia and Herzegovina. First, there are currents of the sub-tropical high air pressure belt, and sub-polar low air pressure belt, which result in shifting of polar and tropical air masses. Next are air masses of the polar origin, currents from Atlantic, cyclones from the Mediterranean and the Adriatic Sea and anticyclones coming from continental Asia. These factors are the cause of several types of climate in Bosnia and Herzegovina. In the northern part of Bosnia and Herzegovina the climate is moderate continental, in the central part it is mountainous, while in the southern part the climate is Mediterranean. The least populated is the highland area. The villages in this area are "scattered" across the steep slopes, and the cities are located in the valleys and basins. In the lowland area the population density is poor due to occasional flooding. The settlements in Herzegovina are situated near karst fields.

[bookmark: _Toc383179040][bookmark: _Toc393011757]Climate characteristics of Serbia

Serbia is a continental state in the Southeast, partly in the Central Europe. According to its area it is a medium-sized country. It is bordered by Hungary to the north, Croatia, Bosnia and Herzegovina, and Montenegro to the west, Romania and Bulgaria to the east and Macedonia to the south.

Serbia has three major geographic regions: Pannonian Plain, hilly areas with lower mountains and lowland extensions and mountainous-basin area. Pannonian Plain occupies 29% of the territory, and it is covered with lowlands with alluvial deposits along waterways and loess plateaus, and two lofty mountains: Fruška Gora (538 m) and Vršačke planine (639 m). South of the Sava and Danube rivers there is a hilly region with heights up to 500 m and a lower mountainous area with heights up to 1000 m. This part occupies ​​about two-thirds of area of Serbia. Plains in this area are only located in Posavina (along Sava River), Pomoravlje (along Morava River) and part of the Timok Region (along Timok River). Areas higher than 1000 m occupy one tenth of the territory of Serbia. These areas are located south of the  rivers West Morava and Nišava, and they consist of plateaus and higher mountains, the highest of which are located around Kosovo and Metochia Basin.

In Serbia, the climate is moderate continental, with more or less distinct local characteristics, and significantly affected by close geographic regions such as the Alps, the Mediterranean Sea and the Bay of Genoa, the Pannonian Plain and the Morava Valley, the Carpathian and Rhodope mountains. The largest part of the territory of Serbia belongs to the moderate climate zone, while the southwestern part is located on the border of the Mediterranean subtropical and continental climate.

The average annual air temperature in areas with the elevation of up to 300 m is 11°C, in the mountains over 1000 m it is around 6°C, and at elevation of over 1,500 m it is around 3°C. Autumn is a warmer than spring. The coldest month is January with an average monthly temperature in the range from -6°C in mountainous regions, to about 0°C in the lowland areas of the country. The warmest month is July with an average monthly temperature in the range of 11-22°C. The highest temperature of 44.9°C was measured in 2007 in Smederevska Palanka, and the lowest temperature of -39.5°C was measured in 1985 in Pešter Plateau. Much of Serbia has continental precipitation regime, with higher amounts in the warmer half of the year, except for the southwestern regions, where most precipitation is measured during autumn. The rainiest month is June, when the average precipitation amounts for 12 to 13% of the total annual amount of precipitation. Driest months are February and October. The normal annual precipitation for the entire country is 896 mm.

[bookmark: _Toc383179041][bookmark: _Toc393011758]The potential of the use of solar energy in Bosnia and Herzegovina and Serbia

The intensity of solar radiation at a location on the Earth's surface is often called insolation or irradiance. Specifically, the insolation is the amount of available solar radiation energy in time per unit area of radiation receiver unit.
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[bookmark: _Toc383179472][bookmark: _Toc393011896]Image 9. Average daily values ​​of insolation for Central Europe

The potential of the use of solar energy in Bosnia and Herzegovina and Serbia ranges from 1.240 to 1. 800 kWh/m² of solar collector surface. The data show that the average duration of insolation is 2,071 hours, or about 270 days of sunshine, and about 70% is produced from April to September. When the average weather conditions, the atmospheric pollution and humidity are considered, the actual average energy radiation in this region is around 3.5 kWh/m² per day. These are the values ​​that reliably provide mass and economical use of solar energy.

The annual sum of global irradiance on optimally oriented panels, and the annual sum of solar electricity generated from optimally oriented 1kWp system with the yield of 75% for Bosnia and Herzegovina and Serbia is shown in the following maps.

[image: http://re.jrc.ec.europa.eu/pvgis/cmaps/eu_cmsaf_opt/G_opt_BA.png]

[bookmark: _Toc383179473][bookmark: _Toc393011897]Image 10. The solar potential of Bosnia and Herzegovina
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[bookmark: _Toc383179474][bookmark: _Toc393011898]Image 11. The solar potential of Serbia
[bookmark: _Toc383179042][bookmark: _Toc393011759]
The potential of solar energy in the territory of of the city of Bijeljina and the municipality of Bogatić

Bijeljina is the city and the centre of the municipality of Bijeljina in the northeastern part of Bosnia and Herzegovina. The surface area of the municipality is 734 km2, and the total population is about 105,000. It stretches along the Semberija Plain, and covers the lower part of the mountain Majevica in the northeastern part of Bosnia and Herzegovina. As a fertile lowland city it is one of the centres for the production and trade of food.

[image: ]
[bookmark: _Toc383179475][bookmark: _Toc393011899]Image 12. Map of Bijeljina Municipality showing the settlements

The Municipality of Bogatić is a municipality in Serbia. It is located in central Serbia, near Šabac and it is part of Mačva District. According to data of 2004, the municipality covers an area of 384 km² (of which 306.5 km² is the agricultural area, and 29.5 km² is the forest area). According to data of 2002, 32,990 inhabitants lived in the municipality. According to data of 2004, the birth rate wasat -6.4‰, while the number of employed people was 4,689. The Municipality of Bogatić has 14 primary and one secondary school.

[image: Datoteka:Bogatic mun.png]
[bookmark: _Toc383179476][bookmark: _Toc393011900]Image 13. Map of Bogatić Municipality showing the settlements
Bijeljina and Bogatić have moderate continental climate with an annual insolation of 1800-1900 hours, and moderate cloudiness, which is the highest in January, February and November, and the lowest in June, July and September. Summers are warm and winters are mostly moderately cold. Temperatures in autumn and spring are uniform. Absolute summer temperatures can rise to 40°C, and the absolute minimum winter can drop to -35°C. Average value of frosty air is 163 days and lasts from October to April. The highest precipitation is in May and June, and the lowest in March and September, so the average annual amount of precipitation in the period of 1981-2012 was 785 l/m2. On an average, the snow is retained for 40 days per year. The average temperature in July is 22°C, in January it is -1°C, while the average annual temperature is11.7°C. Relative humidity is 70-80%. Winds are rare and weak, and they dominantly blow from the northern and north-western directions.
PVGIS results[footnoteRef:7] of the average annual values ​​of optimal slope of panels, daily solar irradiance, the relationship between diffuse and global solar radiation and average temperatures for Bijeljina and Bogatić are given in the following table. [7:  PVGIS – Photovoltaic Geographical Information System, 2001-2008, http://re.jrc.ec.europa.eu/pvgis/] 

[bookmark: _Toc383179865][bookmark: _Toc393012976]Table 1. Data on the solar potential of Bijeljina and Bogatić
	The optimum slope of the panels
(°)
	Solar irradiance
	The ratio of diffuse and global solar radiation
	The average daily temperature (°C)
	The average temperature for a period of 24 hours
(°C)

	
	on a horizontal plane
(Wh/m2)
	at the optimum slope (Wh/m2)
	on a vertical plane
(Wh/m2)
	
	
	

	34
	3560
	4040
	2690
	0.49
	13.4
	12.1



Data on the total annual sum of global irradiance per square meter of the solar panel surface of 1kW PV systems for Bijeljina and Bogatić are shown in the following table.

[bookmark: _Toc383179866][bookmark: _Toc393012977]Table 2. The total annual sum of solar irradiance for Bijeljina and Bogatić
	The total annual sum of global irradiance of 1kW PV system fixed at the optimum slope
(kWh/m2)
	The total annual sum of global irradiance of 1kW PV system at the optimum slope with single axis tracking
(kWh/m2)
	The total annual sum of global irradiance of 1 kW PV system at the optimum slope with dual axis tracking
(kWh/m2)

	1480
	1890
	1930



[bookmark: _Toc383179043][bookmark: _Toc393011760]The potential of solar energy in the world

Average solar radiation in the Balkan countries is about 40% higher than the European average, but the use of solar energy is far behind the countries of the European Union. Creating the conditions for development and functionality of the sustainable market of solar systems is of great importance for the economy and the preservation of the natural environment in Bosnia and Herzegovina and Serbia.

The annual sum of global irradiance on optimally oriented panels, and the annual sum of solar electricity generated on the 1kWp optimally oriented system with the yield of 75% for European countries is shown in Image 14.

In Germany, the average annual potential of solar photovoltaic (PV) energy is 850 kWh/kWp, which is 65% less compared to the countries of the Balkans. Of all European countries, Germany has been the most successful in the development of this sector. In 1999 a ten-year program '100,000 roofs' started.  It involved an amendment for compensation for installed PV modules, but it ended in 2003, when the objectives were achieved. Electricity distribution grids and the companies also had the benefits from the compensation, and also the reduction of the load during peak demand. Guarantees for payment of compensation reinforces confidence and creates a good climate for investments. By this mechanism, the value is 50.62 euro cents per kWh for electricity produced by PV systems. Germany has the largest number of manufacturers of PV modules at the moment and more than 20,000 people are employed in this sector.

Austria has about 30% less potential than Bosnia and Herzegovina and Serbia, but today it is the world record holder in the area of thermal collectors per capita. During the 1990s a program '200 kWp solar roof program' was initiated. However, the response of the market was not as successful as in Germany.

During the 1990s Japan launched the so-called 'Sunshine Program' which initiated the installation of PV systems, from technology R&D, to support producers and consumers, and subsidies were even up to half the cost of the system installation. The program was active to 2005, and in 2004 the Japanese market was the largest in the world, with 256 MW​​, mainly intended for export. The Japanese government is currently trying to revive this program and it is expected to a certain degree, that the cost of PV systems would be significantly reduced, mainly in the form of subsidies and tax incentives. New players in the world market of PV systems from Asia are Taiwan and China, who have purchased the excess silicon blocks from Japan.

[image: http://re.jrc.ec.europa.eu/pvgis/cmaps/eu_cmsaf_opt/PVGIS_EU_201204_presentation.png]
[bookmark: _Toc383179477][bookmark: _Toc393011901]Image 14. The solar potential in European countries

[bookmark: _Toc383179044][bookmark: _Toc393011761]
SYSTEMS (TECHNOLOGIES) FOR USING SOLAR ENERGY

The following chapters discuss technical issues for a range of solar technologies, organized under the following categories: active use of solar energy (photovoltaic systems to generate electricity and concentrated solar power generation technology) and passive use of solar energy (passive solar energy and the use of daylight).
[bookmark: _Toc383179045][bookmark: _Toc393011762]Concentrated and photovoltaic technology (active use of solar energy)

Active application of solar energy includes concentrated solar energy technology and photovoltaic technology.
[bookmark: _Toc383179046][bookmark: _Toc393011763]Concentrated solar power technologies (CSP)

Concentrated solar power (CSP) is a power generation technology that uses mirrors or lenses to concentrate the sun's rays and, in most of today's CSP systems, to heat a fluid and produce steam. The steam drives a turbine and generates power the same way as a conventional power plants. Other concepts are being explored and not all future CSP plants will necessarily use a steam cycle.[footnoteRef:8] [8:  IRENA: Concentrating Solar Power, June 2012] 

The innovative aspect of CSP is that it captures and concentrates the sun's energy to provide the heat required to generate electricity, rather than using fossil fuels or nuclear reactions. Another attribute of CSP plants is that they can be equipped with a heat storage system in order to generate electricity, even when the sky is cloudy or after sunset. This significantly increases the CSP capacity factor compared with solar photovoltaics and, more importantly, enables the production of dispatchable electricity, which can facilitate both grid integration and economic competitiveness.
CSP technologies therefore benefit from advances in solar concentrator and thermal storage technologies, while other components of the CSP plants are based on rather mature technologies and cannot expect to see rapid cost reductions.  
CSP technologies are not currently widely deployed. A total of 354 MW of capacity was installed between 1985 and 1991 in California and has been operating commercially since then. After a hiatus in interest between 1990 and 2000, interest in CSP has been growing over the past ten years. A number of new plants have been brought on line since 2006, as a result of declining investment costs, as well as new support policies. Spain is now the largest producer of CSP electricity and there are several very large CSP plants planned or under construction in the United States and North Africa.
CSP plants can be broken down into two groups, based on whether the solar collectors concentrate the sun rays along a focal line or on a single focal point (with much higher concentration factors). Line-focusing systems include parabolic trough and linear Fresnel plants andhave single-axis tracking systems. Point-focusing systems include solar dish systems and solar tower plants and include two-axis tracking systems to concentrate the power of the sun.
Parabolic trough collectors 
The parabolic trough collectors (PTC) consist of solar collectors (mirrors), heat receivers and support structures. The parabolic-shaped mirrors are constructed by forming a sheet of reflective material into a parabolic shape that concentrates incoming sunlight onto a central receiver tube at the focal line of the collector. The arrays of mirrors can be 100 metres (m) long or more, with the curved aperture of 5 m to 6 m. A single-axis tracking mechanism is used to orient both solar collectors andheat receivers toward the sun. PTC are usually aligned north-south and track the sun as it moves from east to west to maximise the collection of energy.
	[image: slika2.jpg]
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[bookmark: _Toc383179478][bookmark: _Toc393011902]Image 15. Parabolic trough collector
The receiver comprises the absorber tube (usually metal) inside an evacuated glass envelope. The absorber tube is generally a coated stainless steel tube, with a spectrally selective coating that absorbs the solar (short wave) irradiation well, but emits very little infrared (long wave) radiation. This helps to reduce heat loss. Evacuated glass tubes are used because they help to reduce heat losses.
A heat transfer fluid (HTF) is circulated through the absorber tubes to collect the solar energy and transfer it to the steam generator or to the heat storage system, if any. Most existing parabolic troughs use synthetic oils as the heat transfer fluid, which are stable up to 400°C. New plants under demonstration use molten salt at 540°C either for heat transfer and/or as the thermal storage medium. High temperature molten salt may considerably improve the thermal storage performance.
At the end of 2010, around 1220 MW of installed CSP capacity used the parabolic trough technology and accounted for virtually all of today’s installed CSP capacity. As a result, parabolic troughs are the CSP technology with the most commercial operating experience.
Linear Fresnel technology
Linear Fresnel collectors (LFCs) are similar to parabolic trough collectors, but use a series of long flat, or slightly curved, mirrors placed at different angles to concentrate the sunlight on either side of a fixed receiver (located several metres above the primary mirror field). Each line of mirrors is equipped with a single-axis tracking system and is optimised individually to ensure that sunlight is always concentrated on the fixed receiver. The receiver consists of a long, selectively-coated absorber tube.
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[bookmark: _Toc383179479][bookmark: _Toc393011903]Image 16. Linear Fresnel collector
Unlike parabolic trough collectors, the focal line of Fresnel collectors is distorted by astigmatism. This requires a mirror above the tube (a secondary reflector) to refocus the rays missing the tube, or several parallel tubes forming a multi-tube receiver that is wide enough to capture most of the focussed sunlight without a secondary reflector.
The main advantages of linear Fresnel CSP systems compared to parabolic trough systems are that:
· LFCs can use cheaper flat glass mirrors, which are a standard mass-produced commodity.
· LFCs require less steel and concrete, as the metal support structure is lighter. This also makes the assembly process easier
· The wind loads on LFCs are smaller, resulting in better structural stability, reduced optical losses and less mirror-glass breakage.
·  The mirror surface per receiver is higher in LFCs than in PTCs, which is important, given that the receiver is the most expensive component in both PTC and in LFCs.
These advantages need to be balanced against the fact that the optical efficiency of LFC solar fields (referring to direct solar irradiation on the cumulated mirror aperture) is lower than that of PTC solar fields due to the geometric properties of LFCs. The problem is that the receiver is fixed and in the morning and afternoon cosine losses are high compared to PTC. Despite these drawbacks, the relative simplicity of the LFC system means that it may be cheaper to manufacture and install than PTC CSP plants. However, it remains to be seen if costs per kWh are lower. Additionally, given that LFCs are generally proposed to use direct steam generation, adding thermal energy storage is likely to be more expensive.
 Solar tower technology
Solar tower technologies use a ground-based field of mirrors to focus direct solar irradiation onto a receiver mounted high on a central tower where the light is captured and converted into heat. The heat drives a thermo-dynamic cycle, in most cases a water-steam cycle, to generate electric power. The solar field consists of a large number of computer-controlled mirrors, called heliostats, that track the sun individually in two axes. These mirrors reflect the sunlight onto the central receiver where a fluid is heated up. Solar towers can achieve higher temperatures than parabolic trough andlinear Fresnel systems, because more sunlight can be concentrated on a single receiver and the heat losses at that point can be minimised
	Solar tower:
Central receiver
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[bookmark: _Toc383179480][bookmark: _Toc393011904]Image 17. Solar tower
Current solar towers use water/steam, air or molten salt to transport the heat to the heat-exchanger/steam-turbine system. Depending on the receiver design and the working fluid, the upper working temperatures can range from 250°C to perhaps as high 1 000°C for future plants, although temperatures of around 600°C will be the norm with current molten salt designs. 
The typical size of today’s solar tower plants ranges from 10 MW to 50 MW. The solar field size required increases with annual electricity generation desired, which leads to a greater distance between the receiver and the outer mirrors of the solar field. This results in increasing optical losses due to atmospheric absorption, unavoidable angular mirror deviation due to imperfections in the mirrors and slight errors in mirror tracking. 
Solar towers can use synthetic oils or molten salt as the heat transfer fluid and the storage medium for the thermal energy storage. Synthetic oils limit the operating temperature to around 390°C, limiting the efficiency of the steam cycle. Molten salt raises the potential operating temperature to between 550 and 650°C, enough to allow higher efficiency supercritical steam cycles although the higher investment costs for these steam turbines may be a constraint. An alternative is direct steam generation (DSG), which eliminates the need and cost of heat transfer fluids, but this is at an early stage of development and storage concepts for use with DSG still need to be demonstrated and perfected.
Solar towers have a number of potential advantages, which mean that they could soon become the preferred CSP technology. The main advantages are that:
· The higher temperatures can potentially allow greater efficiency of the steam cycle and reduce water consumption for cooling the condenser;
· The higher temperature also makes the use of thermal energy storage more attractive in order to achieve schedulable power generation;
· Higher temperatures will also allow greater temperature differentials in the storage system, reducing costs or allowing greater storage for the same cost.
The key advantage is the opportunity to use thermal energy storage to raise capacity factors and allow a flexible generation strategy to maximise the value of the electricity generated, as well as to achieve higher efficiency levels. Given this advantage and others, if costs can be reduced and operating experience gained, solar towers could potentially achieve significant market share in the future, despite PTC systems having dominated the market to date. 
Solar tower technology is still under demonstration, with 50 MW scale plant in operation, but could in the long-run provide cheaper electricity than trough and dish systems. However, the lack of commercial experience means that this is by no means certain and deploying solar towers today includes significant technical and financial risks.
Stirling solar dish
The Stirling dish system consists of a parabolic dishshaped concentrator (like a satellite dish) that reflects direct solar irradiation onto a receiver at the focal point of the dish. The receiver may be a Stirling engine (dish/engine systems) or a micro-turbine.  Stirling dish systems require the sun to be tracked in two axes, but the high energy concentration onto a single point can yield very high temperatures. Stirling dish systems are yet to be deployed at any scale.
Most research is currently focussed on using a Stirling engine in combination with a generator unit, located at the focal point of the dish, to transform the thermal power to electricity. There are currently two types of Stirling engines: Kinematic and free piston. Kinematic engines work with hydrogen as a working fluid and have higher efficiencies than free piston engines. Free piston engines work with helium and do not produce friction during operation, which enables a reduction in required maintenance.
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[bookmark: _Toc383179481][bookmark: _Toc393011905]Image 18. Solar dish
The main advantages of Stirling dish CSP technologies are that:
· The location of the generator - typically, in the receiver of each dish - helps reduce heat losses and means that the individual dish-generating capacity is small, extremely modular (typical sizes range from 5 to 50 kW) and are suitable for distributed generation;
· Stirling dish technologies are capable of achieving the highest efficiency of all types of CSP systems;
· Stirling dishes use dry cooling and do not need large cooling systems or cooling towers, allowing CSP to provide electricity in water-constrained regions;
· Stirling dishes, given the fact they are self-contained, can be placed on slopes or uneven terrain, unlike PTC, LFC and solar towers.
These advantages mean that Stirling dish technologies could meet an economically valuable niche in many regions, even though the levelised cost of electricity is likely to be higher than other CSP technologies. Apart from costs, another challenge is that dish systems cannot easily use storage. Stirling dish systems are still at the demonstration stage and the cost of mass-produced systems remains unclear. With their high degree of scalability and small size, stirling dish systems will be an alternative to solar photovoltaics in arid regions.
[bookmark: _Toc383179047][bookmark: _Toc393011764]Comparison of CSP technologies
In Table 3 and Image 19 a comparison of the major features of the four main types of CSP technologies — Parabolic and Fresnel trough, Solar tower and Parabolic dish — are summarised. These CSP technologies differ significantly from one another, not only with regard to technical and economic aspects, but also in relation to their reliability, maturity and operational experience.
[image: Slika6.jpg]
[bookmark: _Ref372465444][bookmark: _Toc383179482][bookmark: _Toc393011906]Image 19. CSP technologies
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Parabolic trough plant are the most widely commercially deployed CSP plant, but are not a mature technology and improvements in performance and cost reductions are expected.  Virtually all PTC systems currently deployed do not have thermal energy storage and only generate electricity during daylight hours.
Most CSP projects currently under construction or development are based on parabolic trough technology, as it is the most mature technology and shows the lowest development risk. Parabolic troughs and solar towers, when combined with thermal energy storage, can meet the requirements of utility-scale.
Solar tower and linear Fresnel systems are only beginning to be deployed and there is significant potential to reduce their capital costs and improve performance, particularly for solar towers. However, parabolic trough systems, with their longer operational experience of utility-size plants, represent a less flexible, but low-risk option today.
There is increased interest in solar towers operating at high temperatures using molten salt or other alternatives to synthetic oil as the heat transfer fluid and storage medium due to the potential for cost reduction, higher efficiency and expanded energy storage opportunities.
Solar towers using molten-salt as a high temperature heat transfer fluid and storage medium (or other high temperature medium) appear to be the most promising CSP technology for the future. This is based on their low energy storage costs, the high capacity factor achievable, greater efficiency of the steam cycle and their firm output capability.
While the levelised cost of electricity (LCOE) of parabolic trough systems does not tend to decline with higher capacity factors, the LCOE of solar towers tends to decrease as the capacity factor increases. This is mainly due to the significantly lower specific cost (up to three times lower) of the molten-salt energy storage in solar tower plants.
CSP technologies offer a great opportunity for local manufacturing, which can stimulate local economic development, including job creation. It is estimated that solar towers can offer more local opportunities than trough systems.

[bookmark: _Ref372464769][bookmark: _Toc383179867][bookmark: _Toc393012978]Table 3. Comparison of CSP technologies
	Technology characteristics
	Parabolic
	Solar tower
	Linear Fresnel
	Stirling dish

	Typical capacity (MW)
	10-300
	10-200
	10-200
	0.01-0.025

	Maturity of technology
	Commercially proven
	Pilot commercial projects
	Pilot projects
	Demonstration projects

	Key technology providers
	Abengoa Solar,
Solar Millennium, Sener
Group, Acciona, Siemens,
Next Era, ACS, SAMCA, etc.
	Abengoa Solar,
Bright Source, Energy,
eSolar, Solar Reserve,
Torresol
	Novatec Solar, Areva
	-

	Technology development risk
	Low 
	Medium
	Medium
	Medium

	Operating temperature (°C) 
	350-550
	250-565  
	390
	550-750

	Plant peak efficiency (%)
	14-20 
	23-35*
	18
	30

	Annual solar-to-electricity efficiency (net) (%)  
	11-16 
	7-20
	13
	12-25

	Annual capacity factor (%)
	25-28 (no TES)**
29-43 (7h TES)
	55 (10h TES)
	22-24
	25-28

	Collector concentration
	70-80 SU (suns)***
	>1,000 SU
	>60 SU (depends on secondary reflector)
	>1,300 SU

	Receiver/absorber
	Absorber attached to collector, moves with collector, complex design
	External surface or cavity receiver, fixed
	Fixed absorber, no evacuation secondary reflector
	Absorber attached to collector, moves with collector

	Storage system
	Indirect two-tank molten salt at 380°C (dT=100K) or
Direct two-tank molten salt at 550°C (dT=300K)
	Direct two-tank molten salt at 550°C (dT=300K)
	Short-term pressurised steam storage
(<10 min)
	No storage for Stirling dish, chemical storage under development

	Hybridisation
	Yes and direct
	Yes
	Yes, direct (steam boiler)
	Not planned 

	Grid stability
	Medium to high
(TES or hybridisation)
	High (large TES)
	Average 
	Low

	Cycle
	Superheated Rankine steam cycle 
	Superheated Rankine steam cycle
	Superheated Rankine steam cycle
	Stirling

	Steam conditions (°C/bar) 
	380 to 540/100 
	540/100 to 160
	260/50
	n.a.

	Maximum slope of solar field
	<1-2 
	<2-4
	<4
	10% or more

	Water requirement (m3/MWh)
	3 (wet cooling)
0.3 (dry cooling)
	2-3 (wet cooling)
0.25 (dry cooling)
	3 (wet cooling)
0.2 (dry cooling)
	0.05-0.1
(mirror washing)

	Application type
	On-grid
	On-grid
	On-grid
	On-grid/Off-grid

	Suitability for air cooling
	Low to good
	Good
	Low
	Best

	Storage with molten salt
	Commercially available
	Commercially available
	Possible, but not proven
	Possible, but not proven



Note: * upper limit is if the solar tower powers a combined cycle turbine
           ** TES –  Thermal Energy Storage)
           *** SU or suns – irradiance unit of "one sun" or 1 kWh/m2


[bookmark: _Toc383179048][bookmark: _Toc393011765]Solar photovoltaic technologies (PV)
Photovoltaic (PV) systems, also called solar cells, are electronic devices that convert sunlight directly into electricity. The modern form of the solar cell was invented in 1954 at Bell Telephone Laboratories. Today, PV is one of the fastest growing renewable energy technologies and it is expected that it will play a major role in the future global electricity generation. Solar PV systems are also one of the most "democratic" renewable technologies, which is reflected in the fact that their modular size means that they are within the reach of individuals, cooperatives and small enterprises that want to access their own production and stable electricity prices.[footnoteRef:9]    [9:  IRENA: Solar Photovoltaics, June 2012] 

Photovoltaic technology provides a number of significant advantages, including:
· Solar energy is a renewable source that is available everywhere in the world.
· Solar PV technologies are small and highly modular and can be usedvirtually anywhere, unlike many other electricity generation technologies.
· Unlike conventional power plants using coal, nuclear, oil and gas; solar PVhas no fuel cost and relatively low operation and maintenance costs. PV can therefore offer a price hedge against volatile fossil fuel prices.
· PV, although variable, has a high coincidence with peak electricitydemand driven by cooling in summer and year round in hot countries.
A PV system consists of PV cells that are connected together to form a PV module, and the auxiliary components (i.e. balance of system - BOS), including the inverter, controls, etc. There are a wide range of PV cell technologies on the market today, using different types of materials, and an even larger number will be available in the future. PV cell technologies are usually classified into three generations, depending on the basic material used and the level of commercial maturity:
· First-generation PV systems (fully commercial) use the wafer-based crystalline silicon (c-Si) technology, either single crystalline (sc-Si) or multicrystalline (mc-Si). 
· Second-generation PV systems (early market deployment) are based on thin-film PV technologies and generally include three main families: (1) amorphous (a-Si) and micromorph silicon (a-Si/ c-Si); (2) cadmium telluride (CdTe); and (3) copper indium selenide (CIS) and copper indium-gallium diselenide (CIGS). 
· Third-generation PV systems include technologies, such as concentrating PV (CPV) and organic PV cells that are still being tested or have not yet been widely commercialized, as well as novel concepts under development.
Most photovoltaic cells are based on single crystalline or multicrystalline  silicon. The cell with a thickness of 0.20 to 0.25 mm is formed from silicon crystals of very high purity so that one side is enriched by boron atoms to form a so-called p side, while on the other hand, the diffusion of phosphorus creates the so-called n side so that these cells are called n-p photovoltaic cells. Silicon is present on Earth in very large quantities and is a natural semiconductor which has electrical conductivity between that of good conductors (such as copper) and that of poor conductors, insulators (e.g. plastics or rubber). High electrical resistance of very pure crystalline silicon decreases in production by technological processes of doping and diffusion on the required semiconductor value. The light that falls on the semiconductor cell shaped in this way creates pairs of negative and positive charges (electrons and holes) which are separated by an electric field that is present in the n-p junction and the negative electrons travel to the n electrode, and the positive holes to the p electrode.
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[bookmark: _Toc383179483][bookmark: _Toc393011907]Image 20. Photovoltaic cell
If n and p electrodes are connected with a conductor of a negligibly small resistance, the so-called short circuit current of the solar cell will emerge, which is directly proportional to the energy of sun radiation that falls on the n-side of this cell.      
First-generation PV technologies: Crystalline silicon cells

Silicon is one of the most abundant elements in the earth‘s crust. It is a semiconductor material suitable for PV applications, with energy band gap of 1.1eV. Crystalline silicon is the material most commonly used in the PV industry, and wafer-based c-Si PV cells and modules dominate the current market. This is a mature technology that utilises the accumulated knowledge basedeveloped within the electronic industry. This type of solar cell is in mass production and individual companieswill soon be producing it at the rate of several hundred MW a year and even at the GW-scale. The manufacturing process of wafer-based silicon PV modules comprises four steps:
1. Polysilicon production,
2. Ingot/wafer production,
3. Cell production, and
4. Module assembly.
Commercial production of c-Si modules began in 1963 when Sharp Corporation of Japan started producing commercial PV modules and installed a 242 Watt (W) PV module on a lighthouse, the world’s largest commercial PV installation at the time. Crystalline silicon technologies accounted for about 87% of globalPV sales in 2010. The efficiency of crystalline silicon modules ranges from 14% to 19% (see Table 4). While a mature technology, continued cost reductions are possible through improvements in materials and manufacturing processes, enabling a number of high-volume manufacturers to emerge. 
Second-generation PV technologies: Thin-film solar cells

After more than 20 years of R&D, thin-film solar cells are beginning to be deployed in significant quantities. Thin-film solar cells could potentially provide lower cost electricity than c-Si wafer-based solar cells. However, this isn’t certain, as lower capital costs, due to lower production and materials costs, are offset to some extent by lower efficiencies and very low c-Si module costs make the economics even more challenging. Thin-film solar cells are comprised of successive thin layers, just 1 to 4 μm thick, of solar cells deposited onto a large, inexpensive substrate such as glass, polymer, or metal. As a consequence, they require a lot less semiconductor material to manufacture in order to absorb the same amount of sunlight (up to 99% less material than crystalline solar cells). In addition, thin films can be packaged into flexible and lightweight structures, which can be easily integrated into building components(building-integrated PV, BIPV). The three primary types of thin-film solar cells that have been commercially developed are:   
· Amorphous silicon (a-Si and a-Si/μc-Si),
· Cadmium Telluride (Cd-Te),
· Copper-Indium-Selenide (CIS) and Copper-Indium-Gallium-Diselenide (CIGS).
Amorphous silicon solar cells, along with CdTe PV cells, are the most developed and widely known thin-film solar cells. Amorphous silicon can be deposited on cheap and very large substrates (up to 5.7 m² of glass) based on continuous deposition techniques, thus considerably reducing manufacturing costs. A number of companies are also developing light, flexible a-Si modules perfectly suitable for flat and curved surfaces, such as roofs and façades. Currently, amorphous silicon PV module efficiencies are in the range 4% to 8%. Very small cells at laboratory level may reach efficiencies of 12.2%. The main disadvantage of amorphous silicon solar cells is that they suffer from a significant reduction in power output over time (15% to 35%), as the sun degrades their performance. Even thinner layers could increase the electric field strength across the material and provide better stability and less reduction in power output, but this reduces light absorption and hence cell efficiency. A notable variant of amorphous silicon solar cells is the multi-junction thin-film silicon (a-Si/μc-Si) which consists of a-Si cell with additional layers of a-Si and micro-crystalline silicon (μc-Si) applied onto the substrate. The advantage of the μc-Si layer is that it absorbs more light from the red and near infra-red part of the light spectrum, thus increasing the efficiency by up to 10%. The thickness of the μc-Si layer is in the order of 3 μm and makes the cells thicker and more stable. The current deposition techniques enable the production of multi-junction thin-films up to 1.4 m.          
Cadmium Telluride thin-film PV solar cells have lower production costs and higher cell efficiencies (up to 16.7%) than other thin-film technologies. This combination makes CdTe thin-films the most economical thin-film technology currently available, with manufacturing costs of under USD 0.75/W achieved by at least one producer. The two main raw materials are cadmium and tellurium. Cadmium is a by-product of zinc mining and tellurium is a byproduct of copper processing. A potential problem is that tellurium is produced in far lower quantities than cadmium and availability in the long-term may depend on whether the copper industry can optimise extraction, refining and recycling yields. Cadmium also has issues around its toxicity that may limit its use.    
Copper-Indium-Selenide (CIS) and Copper-Indium- Gallium-Diselenide (CIGS) PV cells offer the highest efficiencies of all thin-film PV technologies. CIS solar cell production has been successfully commercialised by many firms in conjunction with universities (e.g. Wurth Solar, Solibro, Miasole, Nanosolar, Avancis, SolarFrontier and Honda Soltec). Current module efficiencies are in the range of 7% to 16%, but efficiencies of up to 20.3% have been achieved in the laboratory.  The race is now on to increase the efficiency of commercial modules. By 2010, CIGS producer Solar Frontier has reached an annual production capacity of 1 GW.
Third-generation PV technologies

Third-generation PV technologies are at the precommercial stage and vary from technologies under demonstration (e.g. multi-junction concentrating PV) to novel concepts still in need of basic R&D (e.g. quantum-structured PV cells). Some third-generation PV technologies are beginning to be commercialised, but it remains to be seen how successful they will be in taking market share from existing technologies. There are four types of third-generation PV technologies:
· Concentrating PV (CPV),
· Dye-sensitized solar cells (DSSC),
· Organic solar cells,
· Novel and emerging solar cell concepts
Concentrating PV technology 

Concentrating PV (CPV) systems utilise optical devices, such as lenses or mirrors, to concentrate direct solar radiation onto very small, highly efficient multi-junction solar cells made of a semiconductor material. 
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[bookmark: _Toc383179484][bookmark: _Toc393011908]Image 21. Concentrating PV system
The sunlight concentration factor ranges from 2 to 100 suns (low- to medium-concentration) up to 1,000 suns (high concentration). To be effective, the lenses need to be permanently oriented towards the sun, using a single- or double-axis tracking system for low and high concentrations, respectively. Cooling systems (active or passive) are needed for some concentrating PV designs, while other novel approaches can get round this need.
Low- to-medium concentration systems (up to 100 suns) can be combined with silicon solar cells, but higher temperatures will reduce their efficiency, while high concentration systems (beyond 500 suns) are usually associated with multi-junction solar cells made by semiconductor compounds from groups III and V of the periodic table (e.g. gallium arsenide), which offer thehighest PV conversion efficiency. Multi-junction (either ‘tandem’ or ‘triple’ junction) solar cells consist of a stackof layered p–n junctions, each made from a distinct set of semiconductors, with different band gap and spectral absorption to absorb as much of the solar spectrum as possible. 
Most commonly employed materials are Ge (0.67 eV), GaAs or InGaAs (1.4 eV), and InGaP (1.85 eV). A triple-junction cell with band gaps of 0.74, 1.2 and 1.8 eV would reach a theoretical efficiency of 59%. Given their complexity and costs, multi-junctions are used for small-area solar cells with high sunlight concentration.
Commercial CPV modules with silicon-based cells offer efficiency in the range of 20% to 25%. CPV based on multi-junction solar cells using III-V semiconductors haveachieved laboratory efficiency of more than 40%.  Commercial multi-junction devices manufactured by Sharp, Emcore, Spectrolab and Azur have efficiencies of around 35% - significantly higher than conventional single-junction c-SI solar cells. Continued R&D holds the promise of increasing CPV efficiencies up to 45% or even 50%.
To maximise the electricity generation, CPV modules need to be permanently oriented towards the sun, using a single- or double-axis sun-tracking system. Multijunction solar cells, along with sun-tracking systems, result in expensive CPV modules in comparison with conventional PV. On the other hand, their higher efficiency and the smaller surface area of active material required may eventually compensate for the higher costs, depending on the evolution of costs and efficiency. Because CPV modules rely on direct sunlight, they need to be used in regions with clear skies and high direct solar irradiation to maximise performance.
Dye-sensitized solar cells
Dye-sensitized solar cells use photo-electrochemical solar cells, which are based on semiconductor structures formed between a photo-sensitised anode and an electrolyte.  In a typical DSSC, the semiconductor nanocrystals serve as antennae that harvest the sunlight (photons) and the dye molecule is responsible for thecharge separation (photocurrent). It is unique in that it mimics natural photosynthesis. These cells are attractive because they use low-cost materials and are simple to manufacture. They release electrons from, for example, titanium dioxide covered by a lightabsorbing pigment. However, their performance can degrade over time with exposure to UV light and the use of a liquid electrolyte can be problematic when there is a risk of freezing.
Laboratory efficiencies of around 12% have been achieved due to the development of new broadband dyes and electrolytes. However, commercial efficiencies are low - typically under 4% to 5%. The main reason why efficiencies of DSSC are low is because there are very few dyes that can absorb a broad spectral range. An interesting area of research is the use of nanocrystalline semiconductors that can allow DSSCs to have a broad spectral coverage. Thousands of organic dyes have been studied and tested in order to design, synthesise and assemble nanostructured materials that will allow higher power conversion efficiencies for DSSCs.
Organic solar cells
Organic solar cells are composed of organic or polymer materials (such as organic polymers or small organic molecules). They are inexpensive, but not very efficient. Their success in recent years has been due to many significant improvements that have led to higher efficiencies. Organic PV module efficiencies are now in the range 4% to 5% for commercial systems and 6% to 8% in the laboratory. 
In addition to the low efficiency, a major challenge for organic solar cells is their instability over time. Organic cell production uses high-speed and lowtemperature roll-to-roll manufacturing processes and standard printing technologies. As a result, organic solar cells may be able to compete with other PV technologies in some applications, because manufacturing costs are continuing to decline and are expected to reach USD 0.50/W by 2020.  
Organic cells can be applied to plastic sheets in a manner similar to the printing and coating industries, meaning that organic solar cells are lightweight and flexible, making them ideal for mobile applications and for fitting to a variety of uneven surfaces. This makes them particularly useful for portable applications, a first target market for this technology. Potential uses include battery chargers for mobile phones, laptops, radios, flashlights, toys and almost any hand-held device that uses a battery. The modules can be fixed almost anywhere to anything, or they can be incorporated into the housing of a device. They can also be rolled up or folded for storage when not in use. These properties will make organic PV modules attractive for building-integrated applications as it will expand the range of shapes and forms where PV systems can be applied. Another advantage is that the technology uses abundant, non-toxic materials and is based on a very scalable production process with high productivity.  
Novel and emerging solar cell concepts
In addition to the above mentioned third-generation technologies, there are a number of novel solar cell technologies under development that rely on using quantum dots/wires, quantum wells, or super latticetechnologies. These technologies are likely to be used in concentrating PV technologies where they could achieve very high efficiencies by overcoming the thermodynamic limitations of conventional (crystalline) cells. However, these high-efficiency approaches are in the fundamental materials research phase. Furthest from the market are the novel concepts, often incorporating enabling technologies such as nanotechnology, which aim to modify the active layer to better match the solar spectrum
[bookmark: _Toc383179049][bookmark: _Toc393011766]Comparison of solar PV technologies

Table 4. shows the comparison of major characteristics of the three generation of PV technologies.
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	First-generation PV technologies
	Second-generation PV technologies
	Third-generation PV technologies

	Technology
	Units
	Single crystalline silicon (sc-Si)
	Polycrystalline silicon (pc-Si)
	Amorphous silicon (a-Si)
	Copper Indium Gallium Diselenide (CIS/CIGS)
	Cadmium Telluride solar cells (CdTe)
	Concentrating PV cells
	Dye-sensitized solar cells 
	Organic solar cells,

	Best research solar cell efficiency at AM1.5* 
	%
	24.7
	-
	10.4 Single junction
13.2 Tandem
	20.3 
	16.5 
	43.5 
	11.1 
	11.1

	Confirmed solar cell efficiency at AM1.5  
	%
	20-24 
	14-18 
	6-8 
	10-12 
	8-10 
	36-41 
	8.8
	8.3

	Commercial PV Module efficiency at AM1.5
	%
	15-19 
	13-15 
	5-8 
	7-11 
	8-11 
	25-30 
	1-5 
	1

	Confirmed maximum PV Module efficiency
	%
	23 
	16 
	7.1/ 10.0 
	12.1 
	11.2 
	25 
	-
	-

	Current PV module cost
	USD/W
	< 1.4
	< 1.4
	~ 0.8
	~ 0.9
	~ 0.9
	-
	-
	-

	Market share in 2009
	%
	83 
	3 
	1 
	13
	-
	-
	-
	-

	Market share in 2010
	%
	87 
	2 
	2
	9
	-
	-
	-
	-

	Maximum PV module output power
	W
	-
	320 
	300
	120 
	120 
	120
	-
	-

	PV module size
	m2
	2.0 
	1.4-2.5 
	1.4 
	0.6-1.0 
	0.72
	-
	-
	-

	Area needed per kW
	m2
	7 
	8 
	15 
	10 
	11
	-
	-
	-

	State of commercialisation
	
	Mature with large-scale production
	Mature with large-scale production
	Early deployment phase, medium-scale production
	Early deployment phase, medium-scale production
	Early deployment phase, small-scale production
	Just commercialised, small-scale production
	Research and development phase
	Research and development phase



*Note: Standard Testing Conditions, temperature 25°C, light intensity 1000W/m2, air mass 1.5


[bookmark: _Toc383179050][bookmark: _Toc393011767]Active solar heating and cooling

Active solar heating and cooling technologies use the Sun and mechanicalelements to provide either heating or cooling.
Solar heating
Solar heating involves the conversion of solar irradiance into thermal energy in the collectors where some fluid is heated and with its flow heating of rooms is achieved. In addition, the collectors can be used for production of heated sanitary water. Receivers in which the solar energy is directly transformed into heat today are technically, economically and technologically simplest and most applicable for wide use. In households the most commonly used receivers are the low-temperature receivers with the operating temperature of up to 100°C. Water is the usual working fluid.
[image: __www.albasystem.it_it_solare-termico_solare-termico.jpg]
[bookmark: _Toc383179485][bookmark: _Toc393011909]Image 22. Solar heating practical application
In winter, the total effect of solar radiation energy less than in summer, but it is very important for the use of solar heating of the house as a support to a different energy used in the central heating system where it can cover up to 45% of free thermal energy for heating homes, 70% for heating sanitary water and 100% of the water for heating swimming pools. It is clear that in the central hot water heating system, it cannot be sufficiently used during the period of minimum temperatures - in winter. However, when external conditions are favourable, the possibility of using heat from solar collectors is higher, which means that the best effect of using solar energy for solar heating of family houses and other residential and commercial buildings can be achieved in the transitional period between the autumn and winter and between winter and spring, and also during the winter period when there is solar radiation. This energy contribution is very significant, and the highest degree of utilization is achieved in energy efficient houses (high thermal insulation properties) and energy efficient heating systems (floor-wall systems), i.e. low temperature heating systems. 
Solar cooling
Solar cooling is an emerging market with a huge growth potential. Peak cooling demand in summer is associated with high availability of solar radiation, which offers an excellent opportunity to exploit solar energy with heat-driven cooling machines. The main obstacles for large-scale applications, besides high first cost, are the lack of practical experience with the design, control, operation, installation and maintenance of these systems.
Solar absorption chillers 
The solar absorption chillers use the heat obtained from solar collectors as a result of solar radiation. The cycle is performed with a pair of working substances, one acting as a refrigerant, and the other as a solvent, i.e. absorbent. 
Two types of solar absorption chillers are used: 
· Absorption chillers with continuous drive, and
· Absorption chillers with periodic drive.
Solar absorption chillers with continuous drive 
Chillers with continuous drive are are best suited for solar air conditioning systems. Thermal energy can be obtained from various designs of solar collectors, flat or evacuated. Solar absorption chillers are similar to conventional absorption chillers that use gas, and water vapour. The necessary heat is obtained either directly from the solar collector, or from another heat storage. 
Solar absorption chillers with periodic drive 
These solar absorption chillers work in certain intervals. There is a special type of solar absorption chiller which operates in 24h cycle. 
Open-cycle solar absorption chillers 
When hot and dry air is air-conditioned, the air will only be cooled, and in areas with a hot and humid climate, the moisture is first subtracted from the air (e.g. by using a liquid or solid drying agent), and then cooled. A solution of lithium chloride (LiCl - H2O), calcium chloride (CaCl - H2O) or triethyleneglycol-water can be used for air conditioning in hot and humid climates. Drying process with liquid desiccant consists of the part for absorbing moisture from air in the room by means of the drying agent, part for cooling the air by evaporation and part for solar recovery (regeneration) of the drying agent. Liquid drying agent, for example triethyleneglycol, receives moisture from the air in the absorber at a low temperature. Cooling of air takes place in the evaporative cooler. The water is subtracted from the drying agent using the electricity from the solar heated air in a separate column at elevated temperature. In the process with the solid drying agent, the air is dried by passing through a granular sorbent where the humidity is also separated using solar heated air. The air is cooled by evaporation of the water dispersed in the air stream. Heat exchangers are used to reuse the heat and to increase the degree of usefulness of the system (gravel containers can also be used).
Solar adsorption chillers 
These chillers operate with porous substances (sorbents), such as a silica gel, which can absorb large volume of steam (adsorbent). Vapour content in the solid sorbent depends on the temperature of vapour of cooling substances and pressure of the adsorbent. This allows the adsorption and desorption in adsorbent, by temperature change, and this is the basis for periodic sorption cooling. 
Chiller must have a high enthalpy of vaporization. The following working pairs are used: calcium chloride (adsorbent) - ammonia (refrigerant), zeolite - water, zeolite - ethanol and activated carbon - methanol. The highest efficiency with the cooling coefficient of 0.14 is for the working pair of activated carbon - methanol. 
Zeolites are aluminosilicates with crystalline structure and microporous structure which can absorb polar molecules. Zeolites can absorb more than 30% water, which can be extracted again at temperatures around 100˚C. On the basis of thermal desorption and adsorption of water it is possible to make a tank for solar heat of low temperatures. 
Working pair zeolite - water is often used in heat pumps. This pair also works well as a tank, because a circular process must be stopped after receiving heat and it continues to be used only when useful heat is needed. The cold (-5˚C) and heat (75˚C) can be produced at the same time by taking advantage of the waste heat of conventional refrigeration devices. Water vapour in the collector is absorbed by zeolite. One valve is used to switch from day to night mode.
The total solar cooling system the solar chillers with dry evaporation account for about 29%. In solar chillers with dry evaporation the following solids are used for the adsorption: silica gel, zeolite and the salt of the lithium chloride (LiCl). 
When the adsorbent material is lithium chloride, the structure of the material is cellulosic, and the regeneration temperature is below 70°C. When the adsorbent material is silica gel, the structure of the material is ceramic, while the regeneration temperature is below 95°C. When the adsorbent material is titanium silicate, the regeneration temperature is slightly below 120°C. 
Photovoltaic solar cooling 
Photovoltaic cells can provide electricity to run the chillers, regardless of compressors used by them (mechanical or thermal compressors). The most common application is to run the cooling system on the basis of conventional mechanical compressors, which are the least efficient. 
Photovoltaic technology is commonly used for cooling where small amount of energy is needed (less than 5 MW per year). Photovoltaic systems for powering equipment which uses electricity for cooling were not profitable until recently. The reason for this is very poor efficiency of such equipment. Moreover, a comparison of photovoltaic systems with other systems used in the process called solar cooling indicate that they are the least energy efficient. This relationship may change by using more efficient equipment.
[bookmark: _Toc383179051][bookmark: _Toc393011768]Solar thermal technologies (passive use of solar energy)
Unlike the active application of solar energy using thermal and photovoltaic solar energy converters, the passive use of solar energy is based on the construction elements and materials which should be optimally, and not only aesthetically, designed and functionally interlinked. Geometric shape, size and height of buildings, thermal capacity of individual walls and rooms, thermal insulation of buildings, and their individual parts, glazing, protection against wind, rain, moisture and sun during summer, physical properties of building and constructive materials, together with the quality of construction related to energy, have considerable impact on the comfort of living in such buildings and their overall energy consumption throughout the year, in addition to other forms of consumption, including heating in winter and cooling in summer.
Passive solar energy technologies absorb solar energy, store and distributeit in a natural manner (e.g., natural ventilation), without usingmechanical elements (e.g., fans). The term ‘passive solar building’ is a qualitative term describing a building that makes significant use of solar gain to reduce heating energy consumption based on the natural energy flows of radiation, conduction and convection. The term ‘passive building’ is often employed to emphasize use of passive energy flows in both heating and cooling, including redistribution of absorbed direct solar gains and night cooling.
Daylighting technologies are primarily passive, including windows, skylights and shading and reflecting devices A worldwide trend, particularly in technologically advanced regions, is for an increased mix of passive and active systems, such as a forced-air system that redistributes passive solar gains in a solar house or automatically controlled shades that optimize daylight utilization in a building.[footnoteRef:10] [10:  D.Arvizu et al, 2011: Direct Solar Energy. In IPCC Special Report on Renewable Energy Sources and Climate Change Mitigation, Cambridge University Press, Cambridge, United Kingdom and New York, NY, USA] 

The basic elements of passive solar design are windows, conservatories and other glazed spaces (for solar gain and daylighting), thermal mass, protection elements, and reflectors. With the combination of these basic elements, different systems are obtained: direct-gain systems (e.g., the use of windows in combination with walls able to store energy, solar chimneys, and wind catchers), indirect-gainsystems (e.g., Trombe walls), mixed-gain systems (a combination of direct-gain and indirect-gain systems, such as conservatories, sunspaces and greenhouses), and isolated-gain systems. Passive technologies are integrated with the building and may include the following components:
· Windows with high solar transmittance and a high thermal resistance facing towards the Equator as nearly as possible can be employed to maximize the amount of direct solar gains into the living space while reducing heat losses through the windows in the heating season and heat gains in the cooling season. Skylights are also often used for daylighting in buildings and in sunspaces.
The simplest possibility for the application of passive solar energy is the direct penetration of solar radiation in the living room, where the surface of the massive concrete floor is heated together with the north wall, which in the evening, gradually release the heat and warm the interior of the building (Image 23). 
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[bookmark: _Ref372488808][bookmark: _Toc383179486][bookmark: _Toc393011910]Image 23. Direct heating of rooms by using passive solar architecture
· Building-integrated thermal storage, commonly referred to as thermal mass, may be sensible thermal storage using concrete or brick materials, or latent thermal storage using phase-change materials. The most common type of thermal storage is the direct-gain system in which thermal mass is adequately distributed in the living space, absorbing the direct solar gains. Storage is particularly important because it performs two essential functions: storing much of the absorbed direct solar energy for slow release, and maintaining satisfactory thermal comfort conditions by limiting the maximum rise in operative room temperature Alternatively, a collector-storage wall, known as a Trombe wall, may be used, in which the thermal mass is placed directly next to the glazing, with possible air circulation between the cavity of the wall system and the room. However, this system has not gained much acceptance because it limits views to the outdoor environment through the fenestration. Hybrid thermal storage with active charging and passive heat release can also be employed in part of a solar building while direct-gain mass is also used. Insulated thermal storage passively coupled to a fenestration system or solarium/sunspace is another option in passive design.
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[bookmark: _Toc383179487][bookmark: _Toc393011911]Image 24. Trombe (mass) wall for indirect heating of room with solar energy
A transparent water wall, known as transwall, is increasingly trying to be used in the world instead of Trombe wall. During the day, water absorbs sunlight with its entire volume, and at night it transfers it through radiation into the house. The architecture of this system requires southern glazed façade openings, behind which water containers of various shapes would be placed (cubic, rectangular, cylindrical, etc.). Schematic representation of this architectural design is given in Image 25.[footnoteRef:11] [11:  Lazar Đokić, Marko Lišanin: Solar architecture as a solution for increasing the energy efficiency of residential buildings] 
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[bookmark: _Ref372625338][bookmark: _Toc383179488][bookmark: _Toc393011912]Image 25. Water wall as a heat absorber and storage
· [image: Description: sl4]Another useful system of passive absorption of solar energy is through the roof area. Below the roof structure thermal-accumulative elements are set up based on the principle of Trombe or water wall which accumulate thermal energy and radiate it through the attic into the building. 





[bookmark: _Toc383179489][bookmark: _Toc393011913]Image 26. Absorption of solar energy using roof shallow pools
· Daylighting technologies and advanced solar control systems, such as automatically controlled shading (internal, external) and fixed shading devices, are particularly suited for daylighting applications in the workplace. These technologies include electrochromic and thermochromic coatings and newer technologies such as transparent photovoltaics, which, in addition to a passive daylight transmission function, also generate electricity. Daylighting is a combination of energy conservation and passive solar design. It aims to make the most of the natural daylight that is available. Traditional techniques include: 'shallow-plan' design, allowing daylight to penetrate all rooms and corridors; light wells in the centre of buildings; roof lights; tall windows, which allow light to penetrate deep inside rooms; task lighting directly over the workplace, rather than lighting the whole building interior; and deep windows that reveal and light room surfaces to cut the risk of glare.

· Solariums, also called sunspaces, are a particular case of the direct gain passive solar system, but with most surfaces transparent, that is, made up of fenestration. Solariums are becoming increasingly attractive both as a retrofit option for existing houses and as an integral part of new buildings. The major driving force for this growth is the development of new advanced energy efficient glazing. 
Unlike direct solar gain in the case of glazed surfaces facing in one of the possible routes between the south east or south west or indirect gains from Trombe wall, glazed porch in front of the south wall of the building is a combination of both. It is directly heated by the sun, and the interior of the building indirectly by the beam exposed to winter insolation (Image 27). In this case, thermal insulation of transparent surfaces is necessary at night time.
In order to prevent overheating in summer, it is necessary to have good side ventilation of such greenhouse, and particularly important are the openings on both sides that need to be at the top of the porch to in order to take away the warm air.
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[bookmark: _Ref372489454][bookmark: _Toc383179490][bookmark: _Toc393011914]Image 27. Glazed porch ("greenhouse") as a passive solar heating system
Some basic rules for optimizing the use of passive solar heating in buildings are the following: buildings should be well insulated to reduce overall heat losses; they should have a responsive, efficient heating system; they should face towards the Equator, that is, the glazing should be concentrated on the equatorial side, as should the main living rooms, with rooms such as bathrooms on the opposite side; they should avoid shading by other buildings to benefit from the essential mid-winter sun; and they should be ‘thermally massive’ to avoid overheating in the summer and on certain sunny days in winter.
Clearly, passive technologies cannot be separated from the building itself. Thus, when estimating the contribution of passive solar gains, the following must be distinguished: 1) buildings specifically designed to harness direct solar gains using passive systems, defined here as solar buildings, and 2) buildings that harness solar gains through near-equatorial facing windows; this orientation is more by chance than by design.
In most climates, unless effective solar gain control is employed, there may be a need to cool the space during the summer. However, the need for mechanical cooling may often be eliminated by designing for passive cooling. Passive cooling techniques are based on the use of heat and solar protection techniques, heat storage in thermal mass and heat dissipation techniques. The specific contribution of passive solar and energy conservation techniques depends strongly on the climate. Solar-gain control is particularly important during the ‘shoulder’ seasons when some heating may be required. In adopting larger window areas - enabled by their high thermal resistance - active solar gain control becomes important in solar buildings for both thermal and visual considerations.

[bookmark: _Toc383179052][bookmark: _Toc393011769]Hybrid technologies
A photovoltaic/thermal hybrid solar collector (short: PV/T collector) is a combination of photovoltaic (PV) and solar thermal (T) components/systems which produce both electricity and heat from one integrated component.  PV systems turn on average less than 20% of the sunlight into electricity. The remainder is turned into heat. Utilising this untapped energy is the general concept for hybrid systems. Through the application of systems that can provide both (thermal and electrical), the energy yield per area unit of roof or façade can be substantially increased. Further advantages are using heat transfer from PV-module, improvement of conversion efficiency of solar cells, increase of electric output etc.[footnoteRef:12] [12:  Toh Peng Seng, Jiang Fan, Goh Leag Huab: Solar Photovoltaic/Thermal (PVT) Test-bed, 2012] 

A PV/T collector, the most important component in a hybrid PVT system, is basically composed of solar PV cells/module mounted on top of heat absorber. Hybrid systems are divided into two groups:
· Liquid PV/T collectors that produce both hot water and electricity;
· Air PV/T collectors that are usually building-integrated by installing on facade or roof of a building to provide warm ventilation air as well as electricity.
In applications, the PV/T liquid collectors can be divided into two categories: glazed and unglazed PV/T collector. Image 28 illustrates the basic structures of glazed and unglazed PV/T collectors. A glazed PV/T collector with glass cover, can produce more thermal energy but has slightly lower electrical yield, while an unglazed PV/T collector without glass cover produces less thermal energy but more electricity. As seen in Image 28, an unglazed PV/T collector has simpler structure and consists of solar PV cells or PV module on top and thermal absorber below.  It delivers relatively lower thermal energy due to more heat convection loss on its front surface and possesses lower total conversion efficiency than a glazed PV/T collector. Main advantages of an unglazed PV/T collector over a glazed PV/T collector are simpler structure, easier to fabricate and lower cost. The simplicity of low-cost unglazed PV/T collector is balanced by generally lower thermal performance due to high thermal resistance between liquid and PV cell (laminate layers, adhesive bond, irregularities in flatness of absorber, possible air traps or dry contacts, heat exchanger configuration); while gaps between PV cells in commercial PV modules results in reduced absorption of solar radiation at aperture area.
[image: ]
[bookmark: _Ref372791225][bookmark: _Toc383179491][bookmark: _Toc393011915]Image 28. Basic structure of liquid PV/T collector: glazed liquid PV/T collector (left) and unglazed PV/T liquid collector (right)
A detailed overview of commercially available PV/T technologies is shown in Table 5 and Table 6.
[bookmark: _Ref372791417][bookmark: _Toc383179869]
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	Module costs
	Reliability
	Market potential
	Possibility of integration in buildings
	Cost effectiveness of the system
	Aesthetics

	Glazed liquid modules
	
	
	++
	+
	+
	

	Unglazed liquid modules
	
	+
	+
	+
	+
	+

	Glazed air modules 
	+
	
	
	+
	+
	

	Unglazed air modules
	+
	++
	
	+
	+
	+

	Ventilated PV façade
	++
	++
	
	+
	+
	+

	PV/T concentrators
	+
	
	
	
	+
	





[bookmark: _Ref372791447][bookmark: _Toc383179870][bookmark: _Toc393012981]Table 6. Market segments of PV/T technologies: Future markets: +++, specialized market segments: ++ and +
	Market
	Application type
	Glazed liquid modules
	Unglazed liquid modules
	Unglazed liquid modules with heat pump
	Glazed air modules
	Unglazed air modules
	Ventilated PV façade
	PV/T concentrators

	Consumers
	Expendable hot water in the household
	+++
	
	
	
	
	
	

	
	Household heating and domestic hot water
	+
	
	+++
	+
	
	
	

	
	Shared hot water
	++
	
	
	
	
	
	+++

	
	Shared room heating and hot water
	++
	
	
	
	
	
	+

	
	Pool heating
	
	+++
	
	
	
	
	

	Tertiary
	Shared hot water
	++
	
	
	
	
	
	++

	
	Shared room heating and hot water
	+
	
	+
	
	
	
	+

	
	Business premises heating
	+
	
	++
	+++
	+++
	+++
	

	
	Solar cooling
	
	
	
	+
	+
	++
	++

	
	Public pool heating
	++
	++
	
	
	
	
	

	Agriculture
	Solar drying
	
	
	
	+
	+
	
	

	
	Hot water
	+
	+
	
	
	
	
	

	Industry
	Industrial heating process
	+
	+
	
	
	
	
	+

	
	Industrial space heating
	
	
	+
	
	+
	+
	

	
	Solar cooling
	
	
	
	
	
	
	+




[bookmark: _Toc383179053][bookmark: _Toc393011770]Innovations on the market
In the last couple of decades, the collection and use of solar energy has gained the attention of the wider public, and production technologies and their commercial use is on the rise. However, the development of technology is not without challenges and obstacles. Below are some of the researches, innovations and discoveries that could launch a revolution in the use of solar energy.[footnoteRef:13] [13:  http://logoetika.blogspot.com/2012/12/solarna-energija-inovacije-za-buducnost.html] 

[bookmark: more][bookmark: _Toc383179054][bookmark: _Toc393011771]Miniaturization of solar cells
Research and development of solar cells are primarily focused on the more efficient conversion of energy. Solar panels that are currently in use are economically accessible and affordable, but the goal of scientists and engineers is to bring the level of efficiency to 80%. In the computer science, the motto for designing microchips "smaller is better" gave excellent results. Solar cells researchers think that the same motto can be applied in this area. "Spray on solar cells" and "Silicon based solar ink" are inventions that have achieved remarkable results so far. Spraying solar cells relies on nano materials that absorb light (compound of copper-indium-gallium-selenide, or CIGS) and they are 10,000 times thinner than a human hair. Silicon based solar ink is based on the same principle and is currently at 18% efficiency, however, this is expected to increase. 
[bookmark: _Toc383179055][bookmark: _Toc393011772]Solar tower
Relying on a simple physics principle that "hot air goes up" designers dedicated themselves to collecting solar heat in order to raise the temperature of the air. This is achieved by using greenhouses that surround the tower. When the air becomes hot enough, it flows through the turbines, which are located within the "chimney". Enviro Mission, the company responsible for the project, predicts that such a modern power plant could generate about 200 MW of electricity. Two solar towers of this type were to be built in Arizona (USA) and Australia by 2012, but the construction has not yet been completed. On the other hand, in 2007 Spain had completed the first prototype of the first solar tower, except that the operating principle is based on the production of steam with the help of the large amount of heat, not the mechanical turbine driven by hot air.
One of the biggest drawbacks of the solar tower is that it would be necessary to pass 10 or more years before the investment pays off. However, due to the fact that the project is beneficial to the environment (zero CO2 emissions), it managed to attract investors. The bigger problem is the sheer size of the complex and index of sunshine. Only states with large unpopulated areas and a solid annual index of sunshine can get most of this idea.
[image: Abengoa_Solar_PS20_&_PS10_610x406.JPG]
[bookmark: _Toc383179492][bookmark: _Toc393011916]Image 29. Solar tower

[bookmark: _Toc383179056][bookmark: _Toc393011773]Solar islands
The concept of "solar islands" was developed by CSEM (Switzerland). Huge installations (5 km diameter, 20m height) will be built in deserts or designed to float on the sea. The aim of this project is to use sunlight to convert water into steam. High pressure tankers direct the steam into the turbines which will be able to generate up to 1GW of electricity. 
[image: images.jpg]   [image: solar20island20full.jpg]
[bookmark: _Toc383179493][bookmark: _Toc393011917]Image 30. Solar islands

[bookmark: _Toc383179057][bookmark: _Toc393011774]Solar houses and "Plus-Energy" design
The use of solar energy in houses and apartments is increasing. Buying photovoltaic solar panels of 2-3 m2 of area is quite worth it in the long run. Accordingly, it is possible to build a house that would not only collect solar energy, but also produce more energy than it consumes. This method of construction is called "Plus Energy Design". In 1994 a German architect Rolf Disch has succeeded in this idea when he built "Heliotrope" (Image 31). Heliotrope uses the most modern scientific knowledge in order to protect the environment and strengthen the economy. The energy that is collected by the built-in collectors is used for electricity, heating and hot water. The house revolves around its axis in order to track the sun and collect as much energy as possible. Depending on the time of year, Heliotrope produces 4-6 times more energy than it consumes. Three Heliotropes have been built so far and all are located in Germany.
[image: heliotrop_freiburg.jpg]
[bookmark: _Ref372631135][bookmark: _Toc383179494][bookmark: _Toc393011918]Image 31. Heliotrope, Freiburg, Germany

Another good example of this model of construction is a "Maine Solar House", which manages to produce over 4,000 kW/h of electricity annually. The produced electricity is sold to the state or private companies through "feed-in" tariffs. The contract with the state on the "feed-in" tariff, where the state pays to the household per kilowatt hour of  electricity, does not exist in all countries of the world. However, as time goes on, it is assumed that more and more countries will introduce such a program.
[image: maxresdefault.jpg]
[bookmark: _Toc383179495][bookmark: _Toc393011919]Image 32. Maine Solar House

[bookmark: _Toc383179058][bookmark: _Toc393011775]Solar energy in space
In 1999 NASA concluded in the SERT (Space Solar Power Exploratory Research and Technology) program that the production of solar energy in space can be a good opportunity for the energy needs of humanity. The amount of energy that can be collected in the Earth's orbit is 144% higher than the amount that may be collected in the biosphere. Another advantage of this method is that the weather would not be a problem. EADS Astrium is planning to launch the first test satellite that will finally confirm whether the collection of solar energy in space is profitable.
[bookmark: _Toc383179059][bookmark: _Toc393011776]Analysis of the possibility to use photovoltaic (PV) and solar thermal (TS) systems in public buildings
Solar energy in public buildings can be used in two ways, through direct conversion into electricity and into thermal energy. The electricity is produced using the PV system and thermal energy using the TS system.
[bookmark: _Toc383179060][bookmark: _Toc393011777]The basic components of a solar system in public buildings
The basic components of a PV system in public buildings
The basic components of a PV system are:
· Photovoltaic modules,
· [bookmark: _Toc324855649]DC-AC inverters,
· Connection cables,
· Photovoltaic modules mounting system.
If it is a standalone (autonomous) PV system which does not require connection to the electricity grid or if it is a hybrid PV system the following items are needed:
· PV system charge controller and
· Battery storage for electricity.
Photovoltaic modules
Photovoltaic cell is an electrical device that converts the solar energy that falls on the surface of a cell directly into electricity by the photovoltaic effect. For the correct choice of photovoltaic cells in public buildings it is necessary to know the parameters of the cells from which they were made. The current-voltage (I-U) characteristics of photovoltaic cell pass through three characteristic points which define the basic parameters of a photovoltaic cell:
1. Short-circuit current Isc - current that flows when the voltage at the terminals of the photovoltaic cells is equal to zero;
2. Open circuit voltage (idle) Uoc - voltage that exists at the terminals of the photovoltaic cells in the open circuit mode (i.e., when I = 0);
3. Maximum power point Pm - the point at which photovoltaic cell provides the highest power possible. The maximum power Pm corresponds to the surface of the largest rectangle that can be plotted in the I-U characteristic. At the maximum power point Pm, the value of the current is Im and the value of the voltage is Um.
In addition to the above parameters, the following parameters are also important for the choice of PV cells:
· PV cell typical resistance,
· PV cell efficiency level,
· PV cell spectral response,
· spectral response dependence on the width of band gap, and
· dependence on the temperature of the above parameters.
PV cell is represented by an equivalent circuit:
[image: ]
[bookmark: _Toc374565972][bookmark: _Toc383179496][bookmark: _Toc393011920]Image 33. Equivalent circuit of a PV cell
Current I is equal to the current IL produced by sunlight minus negligible diode current ID and shunt current ISH. The serial resistance Rs is the internal resistance of current flow, and the shunt resistance is inversely proportional to the current wasted to the ground.
According to the manufacturing technology, the PV cells can be divided into two main groups:
· Cells based on crystal silicon (monocrystalline and polycrystalline silicon),
· Cells based on thin layer technology, such as thin-film silicon, copper/indium/gallium-selenide/sulfide, amorphous silicon and cadmium-telluride.
The first commercial photovoltaic cell made ​​of silicon crystals was produced during the 50s of the last century, and until today the technology of photovoltaic modules based on silicon crystals has an advantage compared to modules manufactured in thin layer technology.
Photovoltaic cells made of silicon crystals are manufactured in several morphological forms, as monocrystalline and polycrystalline. In Bosnia and Herzegovina and Serbia, the installed cells are usually the polycrystalline cells with high levels of utilization for continental areas, and foggy areas. The resistance of these cells is reduced at high temperatures.
Photovoltaic modules consist of a string of solar cells connected in series, parallel or most commonly by combination of the two. This achieves the desired peak power (75, 100, 120 W peak, etc.) and the operating voltage of the module (for example,  12 or 24 V).
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[bookmark: _Toc374565973][bookmark: _Toc383179497][bookmark: _Toc393011921]Image 34. Solar module Schuco MPE 204 PS 09
DC/AC inverters
DC/AC inverter performs the conversion of generated direct current into alternating current and manages generation, so the inverter is actually a central unit of a solar system. 
[image: ]
[bookmark: _Toc374565974][bookmark: _Toc383179498][bookmark: _Toc393011922]Image 35. DC/AC inverter Schuco WR SGI 25k Home
For PV systems in public buildings the inverter physically and functionally contains integrated main switch. The main switch ensures the delivery of electricity which corresponds to the quality requirements specified in the General Conditions for the Supply of Electricity and EN 50160 standard. In case of change of voltage and frequency outside the permitted limits, the main switch automatically stops the plant and separates it from the electricity distribution system. The main switch of a solar power plant also has the integrated protection functions that are specified in the Technical recommendations by the electricity distribution companies:
· Voltage protection: overvoltage protection (U>) and undervoltage protection (U<),
· Frequency protection: overfrequency protection (f>) and underfrequency protection (f<),
· Overcurrent protection (I>).
The output voltage of the inverter has to be within ±5% of the rated voltage, and frequency of 50Hz ± 0.5Hz.
In PV systems in public buildings it is customary to connect a network monitoring device to the inverter ( Data logger).
[image: ]
[bookmark: _Toc374565975][bookmark: _Toc383179499][bookmark: _Toc393011923]Image 36. Data logger Schuco Sunalyzer Web PR
A data logger is used as a feedback to the manufacturer. It stores all the essential electrical values ​​and logs the generated electricity. Example of a data logger connection is shown in the following image.
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[bookmark: _Toc374565976][bookmark: _Toc383179500][bookmark: _Toc393011924]Image 37. Connecting the Data logger to a DC/AC inverter
Connection cables 
For interconnection of photovoltaic modules on public buildings the rubber cables type H07RN-F (EPN-50) are used, with rated voltage of 450/750 V, due to weather conditions such as rain, solar radiation, and high temperature, which is very typical for the area of Bosnia and Herzegovina and Serbia.
[image: ]
[bookmark: _Toc393011925][bookmark: _Toc374565977][bookmark: _Toc383179501]Image 38. Photovoltaic modules connection cables 
The cable H07RN-F (EPN-50) is made of fine wire (tinned) conductor with insulation made of special rubber compound and sheath made of chloroprene rubber. Thanks to the excellent mechanical strength, the H07RN-F cable is used in medium and heavy mechanical loads, in both dry and wet conditions, in conditions with temperatures higher than standard and with high solar radiation, in open spaces and facilities where there is a risk of explosion. The H07RN-F cable is usually installed in public buildings and it is used for voltage up to 1 kV.
Cable PP00-YF is usually used for the connection between the AC cabinet and measurement cabinet. The cable is laid inside a tube through the wall of the plant room.
Photovoltaic modules mounting system
Photovoltaic modules with anodized aluminium substructure consists of a solar module, which is installed on the roof of a public building as a standalone. The parts of mounting system for solar modules are shown in the following image.
[image: ]
[bookmark: _Toc374565978][bookmark: _Toc383179502][bookmark: _Toc393011926]Image 39. Parts of mounting system for solar modules
Base aluminium profile - substructure is fixed to the roof cladding made of the trapezoidal sheet-metal using the so-called trapeze halter screws with rubber coupler intended for trapezoidal sheets, all according to the architectural part of the project. Example of installation of a solar module is shown below.
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[bookmark: _Toc374565979][bookmark: _Toc383179503][bookmark: _Toc393011927]Image 40. Example of installation of a solar module
Charge controller
Charge controller is an electronic device that regulates the charging voltage of solar batteries. When the voltage reaches 14.4 V the charging is stopped, and when it drops down to 13.4 V due to consumption, the controller starts charging. 
[image: http://www.solarni-sistemi.co.rs/images/picture/kontroler%20punjenja.jpg]
[bookmark: _Toc374565980][bookmark: _Toc383179504][bookmark: _Toc393011928]Image 41. Charge controller
In the case of high consumption, when the battery voltage reaches the critical point of 10.5 V (below which an irreversible chemical reaction would occur as well as great reduction in capacity), the role of the controller is to switch off the consumers.
Solar batteries
In standalone or hybrid solar electric systems, batteries are used to store energy to be used at night or during the days of reduced insolation, and they can be:
· Lead, filled with acid,
· Dry, nickel-cadmium (Ni-Cd).
Lead-acid and Ni-Cd batteries can be opened and closed. Open batteries must be maintained, by adding distilled water in individual cells to make up losses incurred by electrolysis of water. Closed batteries should be maintained and topped up with water.

Solar batteries are technologically sophisticated product whose characteristics allow the system to have a long service life and they are adjusted to constant charging and discharging. Solar electric systems contains batteries, if they are used for the provision of electricity where there is no electrical grid.

[image:  ]

[bookmark: _Toc374565981][bookmark: _Toc383179505][bookmark: _Toc393011929]Image 42. Solar battery
The most common rated battery voltage is 12V. If the batteries are new and of the same type and size, we can interconnect them in order to obtain a larger capacity.
The basic components of a TS system in public buildings
Solar systems used for the preparation and consumption of hot water use the emitted solar heat (or solar energy) as the main source of energy. Solar heating systems are used as an additional source of heat in most cases, while gas or electric boilers are used as the main system. Their use in terms of primary energy source is rare and limited to areas with sufficient solar radiation throughout the year, which have favourable climatic conditions and the heating season is short. For this reason, these solar systems are mostly used for the preparation and consumption of hot water. The basic components of TS systems in public buildings used for space heating or for sanitary water are:
· solar energy receptor (solar collector)
· solar storage tank,
· pump,
· regulation unit of the solar system and fittings,
· pipe distribution and thermal insulation and
· working fluid.
Solar collectors
Solar collectors absorb and collect solar energy. Solar incident energy passes through the transparent surface of the collector, which lets radiation in one direction only, and is converted into heat, which is given to an appropriate heat carrier (solar working fluid). Solar working fluid (water) transfers heat to the heat accumulator (solar storage tank). According to the temperature of the working fluid and the shape of the receiver there are:
· flat plate solar collectors and
· evacuated tube solar collectors.
Flat plate collectorsare intended primarily for systems for heating domestic hot water and for central heating systems with heat accumulation and for pools. The basic parts of a flat plate collector are:
· absorber,
· cover,
· casing,
· pipes,
· thermal insulation of the solar collector.
	[image: http://powerlab.fsb.hr/enerpedia/images/f/f6/Plocasti_kolektor.JPG]
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[bookmark: _Toc374565982][bookmark: _Toc383179506][bookmark: _Toc393011930]Image 43. Parts of a flat plate collector
The absorber is the most important component of the flat plate collector. It is important for complete absorption of thermal (infra-red) part of the solar spectrum and its conversion into usable heat. It consists of pipes integrated into the panel, which receives solar radiation with its entire surface. For a good absorber the following relations apply:



where:
 - absorption coefficient of the absorber,
 - emission coefficient of the absorber,
 - transmission coefficient of the absorber.

A good absorber has a very low coefficient of re-emission of IR radiation (<0,08), but also a high ratio  (>10). In addition, for good operation it is essential to achieve good thermal contact between the pipes and plate, in order decrease the resistance to heat transfer as much as possible. Therefore, it is usually made of copper and aluminium. It is mandatory to have matte black colour, with selective coatings, in order to absorb the greatest possible amount of solar radiation that reaches the receiver. The radiation reflected from the surface of the receiver is the unused portion of the total incident radiation.

Cover has the same role as an absorber - selectivity in relation to certain parts of the spectrum of radiation. Cover is made ​​of plastic or glass. It is necessary to ensure the maximum passage of solar radiation energy to the absorber, to keep the incident energy inside the collector and to reduce radiation losses. At the same time, it must be resistant to mechanical stress and should protect the absorber from the weather conditions. Therefore, the glass cover is the best solution, because it does not change the transparency over time. On the other hand, plastic covers are cheaper and the weigh less, but eventually lose their characteristics, which causes a decrease in the degree of efficiency of the collector. In some of the more expensive versions, the so called high efficiency flat plate collectors, in order to reduce heat losses, two covers are installed.
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[bookmark: _Toc374565983][bookmark: _Toc383179507][bookmark: _Toc393011931]Image 44. Flat plate collector with two covers
Pipes of the flat plate collector are usually made of copper with hard soldered joints. Insulation of pipes is specially designed for high temperatures.

Collector casing is usually made of aluminium, plastic, or wood in some cases. Its function is to protect the internal components of the collector from the mechanical stresses, thermal losses and moisture, and to ensure airtightness. The following image shows a wooden frame and aluminium sheet which are components of the panel casing.
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[bookmark: _Toc374565984][bookmark: _Toc383179508][bookmark: _Toc393011932]Image 45. Panel casing
Thermal insulation is used for the front cover, insulation of the sides and back of the absorber. Internal insulation must be stable at the stagnation temperature (the highest temperature, which can occur when there is no heat transfer from the collector). It is usually made ​​of glass wool and insulation foam.
[image: ]
[bookmark: _Toc374565985][bookmark: _Toc383179509][bookmark: _Toc393011933]Image 46. Appearance of a flat plate collector CPC 7210N Alu
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Evacuated tube collectors are significantly more efficient than flat plate collectors. They maintain a high efficiency even while operating with diffuse radiation and at low temperatures of the surrounding air. These receivers consist of a series of glass tubes from which the air is evacuated and where metal absorbing pipes are placed. The pipes are coated with selective coating and can be made of copper or in the form of the so-called heat pipes. Regardless of the design, concave mirrors are placed behind the pipes as a rule. Thus, almost all of the incident energy, that would otherwise be wasted, is diverted to the absorbing pipes. In case of copper pipes, the incident heat is directly transferred to the working fluid which flows through the pipes. In case of heat pipes, the heat is transferred directly, first to the primary fluid located in the heating tube, and then, without direct contact at the top end of the pipe, to the secondary working fluid which further transfers thermal energy for heating. Inside the heat pipe, the heat transfer mechanism is up to 1,000 times more intense compared to the copper pipe of the same dimensions. This is a consequence of the manner of operation of a heat pipe, which is based on the change of physical state of the fluid in the pipe. Heat pipe is a sealed cylinder filled with fluid at a pressure which provides a phase change at a temperature of evaporation/condensation, from which the fluid transfers warmth to the secondary working fluid.
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[bookmark: _Toc374565986][bookmark: _Toc383179510]
[bookmark: _Toc393011934]Image 47. Parts of the evacuated tube collector
A number of complex processes are carried out along the pipe. In these processes the steam and liquid phases are not physically separated, but are mixed. Simply put, it can be said that in the zone of evaporation, the primary working fluid accepts the heat of solar radiation and the process of evaporation begins. The resulting steam of the primary working fluid moves through the heat pipe to the condensation zone where it condenses transferring the heat to the secondary working fluid. The resulting condensate of the primary working fluid enters a capillary structure in the walls of the heat pipes, and returns to the evaporation zone. The capillary structure allows the return of condensate to the evaporation zone in zero gravity conditions. A heat pipe without a capillary structure is called a thermosyphon. In this case the condensate is returned only with the help of gravity.
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[bookmark: _Toc374565987][bookmark: _Toc383179511][bookmark: _Toc393011935]Image 48. Appearance of an evacuated tube collector CVSKC-10
Solar storage tank
The storage tanks are used for the storage of the obtained heat. They are used to collect the thermal energy obtained from solar energy. They can be divided into three groups:
· Fluid storage tanks which use water or oil as a working fluid,
· Solid storage tanks use air as a medium and they are usable in the winter in a relatively narrow range of operating temperatures: 45°C initial and 35°C return,
· Latent storage tanks use substances which release energy by transition from solid to liquid phase, and in the reverse way they store thermal energy.
Fluid storage tanks are the most acceptable and common in practice. Fluid storage tanks are usually made with two coils, where the upper is linked to the heating system, and the lower to the solar collectors. In winter, the boiler heats the upper coil, and in the case of sunshine the collectors may preheat the water in the lower zone. The tank shell is made ​​of hard polyurethane and provides a high degree of thermal insulation. Size of the solar storage tank depends on the hot water needs and the type of energy source.
Pump
Solar pump is responsible for the flow of the working fluid in the solar circuit (Image 49). Fluid flow is controlled by a hand switch attached to the wall, and it can be set to three current levels (such pumps have low energy requirements).
[image: ]
[bookmark: _Toc374565988][bookmark: _Toc383179512][bookmark: _Toc393011936]Image 49. 3-speed low energy pump 
Control unit of the solar system and the fittings
The control unit provides thermally economical and safe operation of the solar system by means of temperature sensors, because it regulates the water temperature in the storage tank according to the other components. The controller regulates the entire system of central solar heating and domestic hot water heating. It also switches on/off the pump, depending on the temperature of the collectors and the storage tank. Fittings include all components of the pipe distribution used for opening or closing, or to adjust the flow of the working fluid through the pipes. As a rule, they are made from materials which are resistant to corrosion. The pipe fittings include valves, gate valves, taps, vents, etc.
Pipe distribution and thermal insulation
Pipe distribution is an important part of central solar heating system, which is used to transfer heat from the source to the radiators with a suitable heating medium. Steel, copper or polymer pipes are the most used to make a pipe distribution. Joints of the pipe distribution system of solar heating can be designed as inseparable or separable. A variety of standard techniques of connecting, welding, soldering, pressing, bonding, etc. are used. Insulation of pipes is specially designed for high temperatures.

[image: ]
[bookmark: _Toc374565989][bookmark: _Toc383179513][bookmark: _Toc393011937]Image 50. Joints of pipe distribution with connection techniques
Thermal insulation of pipe distribution serves to prevent unnecessary heat transfer to the environment, and the materials that are used for coating of pipes can be used to reduce noise and vibrations.
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[bookmark: _Toc374565990][bookmark: _Toc383179514][bookmark: _Toc393011938]Image 51. Thermal insulation of pipe distribution
Working medium
Working medium that flows (circulates) through the system is used to transfer the absorbed heat from the absorber to the heat storage. Water, various oils or air are commonly used as the working medium. The absorber is also the heat exchanger, which on one hand has to ensure efficient transfer of heat to the cooling medium even for low temperature differences between the absorber and the medium (about 3°C), and on the other hand has to prevent the transfer, convection and radiation of heat by means of engineering designed barriers, and to ensure the transfer of produced useful heat to the nearest well-insulated storage tank with minimum losses.
Expansion vessel
Expansion vessel accumulates the increase of the volume of heat medium, which occurs due to temperature expansion of the medium. The vessel requires a special way of manufacturing and designing.
[image: ]
[bookmark: _Toc374565991][bookmark: _Toc383179515][bookmark: _Toc393011939]Image 52. Expansion vessel

[bookmark: _Toc374565928][bookmark: _Toc383179061][bookmark: _Toc393011778]Possible options of using solar systems in public buildings
Analysis of the possibility to use PV systems in public buildings
Depending on the method of application, the PV systems in public buildings are used as:
· Standalone (autonomous), with no connection to the electrical power system (electricity grid),
· Grid-connected,
· Hybrid, which are actually independently connected to other (renewable) sources.
Standalone (autonomous) systems do not require connection to the electricity grid for their operation (Image 53). When there is a need to deliver electricity at night or during periods of low solar radiation intensity, a battery is necessary (accumulator). Standalone PV systems are suitable for securing the required amount of electricity for remote consumers. This primarily relates to individual public buildings, sports and recreation centres, telecommunications transmitters, booths, street lighting and other buildings of public importance in rural areas that have no connection to the electricity grid. Therefore, this kind of alternative solutions provide multiple benefits:
· the costs of connection to the grid are avoided,
· the costs of paying for the electricity are avoided, 
· constant and reliable supply of electricity during the day and night and under all weather conditions is ensured, 
· the costs of service and maintenance are avoided, 
· it allows for the use of all standard electrical consumers which use AC voltage of 230V, 
· it provides a very stable, fully sinusoidal voltage of 230 V.
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[bookmark: _Toc374565992][bookmark: _Toc383179516][bookmark: _Toc393011940]Image 53. Standalone (autonomous) PV systems for AC and DC consumers
Unlike standalone PV systems, grid-connected PV systems are connected to the electricity grid, and are often considered in many developed countries. Grid-connected solar systems are directly connected to the public distribution grid. There are:
· Passive, in which the grid is used (only) as a backup source,
· Active (interactive), in which the grid can cover the deficits, but also retrieve the excess electricity
Passive grid-connected PV systems use the grid only conditionally, in periods when the PV modules cannot produce sufficient amounts of electricity, such as at night when the batteries are discharged (Image 54).
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[bookmark: _Toc374565993][bookmark: _Toc383179517][bookmark: _Toc393011941]Image 54. Passive grid-connected PV systems
Active or interactive grid-connected PV systems use the grid in case of higher demand or in case of excess. Electricity produced in the PV modules is returned to the electricity grid (Image 55).
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[bookmark: _Toc374565994][bookmark: _Toc383179518][bookmark: _Toc393011942]Image 55. Active grid-connected PV systems
Hybrid PV systems are formed by connecting a standalone to other alternative sources of electricity, such as wind turbines, hydro generator, auxiliary gas or diesel generators. Such solutions provide greater security and availability of electricity supply and allow for smaller capacity of the battery used as a storage for electricity (Image 56).
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[bookmark: _Toc374565995][bookmark: _Toc383179519][bookmark: _Toc393011943]Image 56. Hybrid PV systems
For distributed PV production usually public buildings facing between south-east and south-west are used. The advantages of distributed production are:
· it is not necessary to buy land (they are placed on the building of interest),
· no works to prepare the site are necessary,
· lower transmission losses because the production and consumption is largely carried out in the same place, 
· the value of the produced electricity is higher than the selling price of the operator.
In addition to these advantages, there are some disadvantages: 
· higher costs of installation on certain buildings, especially because some of the surfaces for installation of PV systems should be further customized according to the new purpose, 
· difficult, and usually impossible monitoring the diurnal motion of sun which extends the investment payback period by at least 60%, 
· poorer utilization factor for smaller individual systems, which is about 30%.
Despite the aforementioned disadvantages which on average double the payback period, individual producers largely manage to compensate for these disadvantages by taking less energy from the grid, especially when the tariff is the least favourable. This especially applies to the consumption that largely follows the daily rhythm of production of PV modules in accordance with the position of the sun and in relation to the degree of temporary and permanent cloudiness in a given moment. This method of installing PV systems is commonly encountered on the flat roofs of public buildings.
Analysis of the possibility to use TS systems in public buildings
Applications of TS systems in public buildings can be divided in two main ways:
· Solar hot water and
· Solar heating.
Solar hot water
Solar heating and domestic hot water are reasonably considered the most common and certainly the possibility with the shortest payback period for the use of solar energy in public buildings (usually in gyms, schools, dormitories, etc.). Two systems are commonly in use:
· Thermosyphon systems and
· Systems with forced circulation of working medium.
Thermosyphon systems are considered to be the simplest systems for solar DHW. They consist of a solar collector with about 100 to 200 litres of water connected to the cold water, without pumps, heat exchangers, motor valves, temperature sensors, pressure gauges, and without any kind of automation (Image 57).
[image: A thermosyphon system]
[bookmark: _Toc374565996][bookmark: _Toc383179520][bookmark: _Toc393011944]Image 57. The operating principle of thermosyphon solar system for DHW
Most of the small thermosyphon systems suitable for use in smaller public buildings (e.g. rural schools) have horizontal storage tanks. For days with reduced insolation or when there is no insolation, it is useful in the morning to equip the system with electric heater which is installed at about 5/6 of the height of the storage tank. In horizontal storage tanks the heater is not recommended.
Thermosyphon systems are less expensive than conventional solar systems and are ideal for smaller public buildings. Such systems are used in most developed European countries, mostly in Cyprus, Israel and Greece, where most of the buildings have flat roofs suitable to accommodate such devices. In municipalities that are the subject of this Study, rare buildings have flat roofs and installation of such systems is a practical and aesthetic problem. This is the main reason why these cheap systems of undisputed quality cannot be part of the market in these municipalities.
Systems with forced circulation of a working medium prevail at regional, but also in the markets of other European countries. Forced circulation of a working medium is provided by a small circulation pump in the primary circuit between the solar collector and the heat storage tank. Antifreeze is typically added to water, especially in areas where there is a possibility of freezing in the winter (as is the case here). Heat exchanger, usually in the form of a spirally bent copper pipe with the outer diameter of 10 mm or less, is placed in the lower part of the vertically mounted cylindrical storage tank, where the proximity of opening for the incoming cold water causes the temperature of the water to be the lowest, which positively affects the efficiency of the system (Image 58). Improved efficiency of the solar system is achieved with external plate heat exchangers that surpass the ability of spiral exchangers several times, with significantly lower price. Such systems have two circulating circuits, the primary (from the collector to the primary side of the heat exchanger) and the secondary (from the secondary side of the plate heat exchanger to the storage tank).
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[bookmark: _Toc374565997][bookmark: _Toc383179521][bookmark: _Toc393011945]Image 58. The operating principle of a two-circuit solar system with hot water storage tank and an additional source of heat
Advantage of a two-circuit circulation solar systems is that collectors can be installed on the roof, while the boiler can be installed in the basement of the building, from where the hot water is distributed throughout the building, causing all existing electric water heaters to become redundant. Solar systems for DHW heating is typically designed based on summer consumption. If the hot water consumption is at the level of approximately 50% of the summer consumption, then the same installation will meet all the needs of the building in the winter. However, if the same amount of domestic hot water is needed during the winter, during the days of insufficient insolation it is necessary to turn on an electric heater, instantaneous water heater driven by natural or liquefied petroleum gas or a fuel oil boiler.
Solar heating
Solar heating is becoming increasingly popular in the world, while in our region it is a major challenge. At the same time it is first necessary to meet three basic technical prerequisites in order to engage in this kind of challenge .
The first condition, which is also one of the fundamental for the successful implementation of active solar systems for heating, is the climate zone in which the building is located as well as the upper limit of the total annual heat loss of the building. The second condition determines the maximum possible application of passive solar energy in winter, which is accomplished by installing well insulated glass surfaces in the south, southeast and southwest, which may not be less than 10% of usable area to be heated. Also, the area which can be glazed with quality openable windows on the north side of the building shall only be between 1% and 2% of the floor area. The third condition is that the building, according to the spatial planning, must not have another building in front of itself between the south and southwest side, unless the requirement of a distance is met:


where:
d - distance between buildings, 
H - height of the building located in front, 
A - height of the sun in December at 9:30 am local time.

If all three conditions are met, gains from the application of passive solar energy would generally be sufficient to cover transmission losses. If these conditions are at least somewhat satisfied, it is necessary to calculate transmission and ventilation losses for any actual building and only then the feasibility of solar heating can be assessed. If the building is not optimally insulated and built, if the passive use of solar energy is insufficient and if the shadows of the surrounding buildings further reduce the useful contributions of the south, southeast and southwest windows, it should be expected that an additional heat source would be required in winter conditions.
[bookmark: _Toc374565929][bookmark: _Toc383179062][bookmark: _Toc393011779]Identification of the most effective and most used solar systems
The most frequently mentioned characteristic of solar panels is their efficiency. The efficiency of solar panels describes the ability of the utilization of solar radiation to produce electricity under standard test conditions (1000 W/m2, 25°C, air mass 1.5[footnoteRef:14]). Two commonly used technologies for solar panels are monocrystalline and polycrystalline. The average efficiency of monocrystalline and polycrystalline solar panels is currently between 14 and 15%. Increased efficiency of solar panels means that smaller roof area is required for the same power of a solar plant. In average solar panels with efficiency of 14-15%, for 1 kW of power it is necessary to have 6.5 to 7.0 m² of solar panels. In solar panels with efficiency of 5%, for 1 kW it is necessary to have approximately 20.5 m² of solar panels. The amount of produced electricity will be equal to 1 kW of solar panels with the lowest efficiency or 1 kW of panels with the highest efficiency. Less efficient solar panels are cheaper per W or kW, however, for the same power plant more modules or larger area are required. For this reason, the efficiency of solar panels is not directly suitable criterion for a decision on the choice of solar panels, because greater efficiency does not affect the higher production of electricity. The efficiency of solar panels should be considered when the space is limited, and plan is to install more power, regardless of price. [14:  Air mass is the reciprocal value of the cosine of the angle at which the sun is at its zenith in relation to the earth's surface (AM=1/cosα)] 

Efficiency of a collector is defined as the ratio of the heat transferred to the fluid and heat flow of incident solar radiation. Efficiency is usually determined experimentally by measuring the heat transferred to the fluid. Efficiency also depends on the orientation of the collector with respect to cardinal direction and slope as shown in the following table. Flat plate collectors are more efficient in the summer, while the evacuated collectors are better in the winter. Average annual efficiency of the collector is about 50 - 60% (about 500 to 800 kWh/m2 collector per year), while the degree of efficiency of the system is about 30-50% for properly dimensioned system.
[bookmark: _Toc374566009][bookmark: _Toc383179871][bookmark: _Toc393012982]Table 7. The efficiency of the collectors with respect to cardinal direction and slope:
	
	Slope of collector

	
	15°
	30°
	45°
	60°
	90°

	Cardinal direction
	Efficiency

	South
	84%
	96%
	100%
	99%
	90%

	Southeast, Southwest
	79%
	86%
	91%
	90%
	84%

	East, West
	86%
	72%
	75%
	75%
	68%



Efficiency curve of a solar collector is shown in the following image.
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[bookmark: _Toc393011946][bookmark: _Toc374565998][bookmark: _Toc383179522]Image 59. Collector efficiency curve 
One of the most common applications of PV solar cells is the electricity supply of devices, industrial buildings, households where there is no electricity in locations that are remote from the electricity system. The most common type of installation of photovoltaic system is with direct use in the building (e.g. a house or building where it is installed), and it is used in combination with electricity from the grid. During the day, when electricity is more expensive, a photovoltaic system is used, and during the night the cheaper electricity from the grid is used. If the production of photovoltaic system is greater than the needs of the building, the excess electricity can be sold back to the distribution grid at a favourable price. In this way the additional earnings are realized and the initial investment quickly repaid. The most commonly applied solar systems in the world are panels up to 10kW because of the best existing subsidies. The most common areas of application of PV systems are listed in the following table.
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	Lighting:
	traffic signs, information boards, street lighting, security lighting, gardens and trails

	Remote buildings:
	summer houses, remote tourist destinations, remote research centres, charging batteries for vehicles

	Tourism:
	electricity for camping, boats and yachts

	Housing:
	integration with the public grid, hybrid systems with electrical generators and alternative sources

	Water pumps:
	irrigation, water supply to villages, household use, use for the camping, etc.

	Measurements:
	pipelines, power sensors, water, weather stations, telemetry

	Telecommunications:
	transmitters, radio communications, phones

	Signalization:
	tall poles, navigation, sirens, railway signals

	Cathodic protection:
	pipelines, storage tanks, bridges, poles



The most common applications of TS systems are:
· use in households for heating domestic hot water,
· use in households for heating hot water for central heating,
· hotels and apartments that consume a large amount of hot water can achieve substantial savings through the use of a solar system,
· schools and public institutions wishing to optimize monthly energy consumption,
· sports facilities (hot water for showers),
· commercial buildings (heating and hot water)
· hospitals (heating and hot water)
· marinas,
· generally any institution with a need for hot water.

[bookmark: _Toc383179063][bookmark: _Toc393011780]Solar energy market analysis
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Renewable energy is increasingly gaining in importance in the world, due to the increasing global demand for energy, and the certainty of the limited resources of fossil fuels on which today's energy economy is based in the world. Given the underdeveloped market and conditions for the development of renewable energy sources in Bosnia and Herzegovina and Serbia, it is extremely important to explore possible directions and options for the use of the market potential for more efficient and greater use of renewable energy sources, and solar energy.
Bosnia and Herzegovina and Serbia possess great potential for exploitation of renewable energy sources such as solar energy. Technology for the application of solar energy have long been known in Bosnia and Herzegovina (Bijeljina) and Serbia (Bogatić), but without significant state planning. There are several reasons for this, and here are only the basic ones:
· although there are Energy Sector Study in BiH, Module 12 - Demand side management, energy conservation and renewable energy sources and Energy sector development strategy of the Republic of Serbia by 2015, the use of renewable energy sources is not sufficiently promoted,
· the exploration of the potential of renewable energy sources is inadequate,
· there are various obstacles for serious investments in energy systems based on renewable energy sources,
· poor availability of information in one place and fully processed information (for investors) on funds, conditions and methods of use of the funds, 
· very limited borrowing capacity in the public sector and at the local and state levels, 
· almost exclusively available are the classical banking products.
All above reasons have led to the fact that today in the Municipality of Bijeljina (Bosnia and Herzegovina) and Municipality of Bogatić (Serbia), there are very few energy systems based on renewable energy sources, or solar energy. Exploitation of solar energy has been carried out to some extent in the Municipality of Bijeljina. For example, two public solar chargers called "Strawberry Tree" have been installed. They provide users with a service of charging their phones and other devices, as well as free wireless internet. There are no installed energy systems based on solar energy in Municipality Bogatić.
[bookmark: _Toc383179065][bookmark: _Toc393011782]Financing renewable energy sources 
There are several funds to finance renewable energy projects and energy efficiency in Bosnia and Herzegovina and Serbia. For the comparison, an overview of the instruments for financial support available for renewable energy and energy efficiency in the region, and the other countries of the Western Balkans, is given first, followed by an overview of the funds that are solely related to Bosnia and Herzegovina and Serbia.
Financing renewable energy sources in the region
In the Western Balkans, there are 25 financial funds for renewable energy and energy efficiency in the amount of EUR 793.81 million in total. Of the total number of financial funds present in the region, 11 are regional funds with a total of EUR 592.85 million, or 74.7% of total amount. Of the total number of regional funds, 8 are loan funds, and 3 funds are funds for technical assistance. The remaining 14 funds are funds at the level of individual states in the amount of EUR 200.96 million, or 25.3% of total amount. 
Purpose of the funds for renewable energy and energy efficiency in the Western Balkans region, and their nature, are represented in the following structure: 98% of all funds are loan funds, while the remaining 2% are funds for technical assistance, grant funding and guarantee funds.
The following table provides an overview of funds or instruments for financial support available for renewable energy and energy efficiency in the Western Balkans region.
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	NUMBER
	MIL. EUR
	% OF TOTAL

	REGIONAL TOTAL
	11
	592.85
	74.68 %

	Regional credit funds (with technical assistance and grants)
	8
	580.45
	73.12%

	Regional technical assistance programs
	3
	12.40
	1.56%

	LOAN FUNDS AT THE STATE LEVEL (WITH TECHNICAL ASSISTANCE AND GRANTS) - TOTAL
	5
	64.06
	8.07%

	Croatia
	1
	-
	not involved

	Montenegro
	1
	7.71
	0.97%

	Serbia
	3
	56.35
	7.10%

	MIXED/EE FUNDS AT THE STATE LEVEL - TOTAL
	2
	91.60
	11.54%

	Serbia
	2
	91.60
	11.54%

	FUNDS AT THE STATE LEVEL FOR TECHNICAL ASSISTANCE - TOTAL
	2
	3.00
	0.38%

	Montenegro
	1
	1.50
	0.19%

	Kosovo
	1
	1.50
	0.19%

	GRANT FUNDS AT THE STATE LEVEL - TOTAL
	3
	12.30
	1.55%

	Macedonia
	2
	12.10
	1.52%

	Serbia
	1
	0.20
	0.03%

	GUARANTEE FUNDS AT THE STATE LEVEL - TOTAL
	2
	30.00
	3.78%

	Bosnia and Herzegovina
	1
	15.00
	1.89%

	Macedonia
	1
	15.00
	1.89%

	TOTAL:
	25
	793.81
	100.00%



Overview and structure of regional funds available for renewable energy and energy efficiency in the Western Balkans region is shown in the following table.
[bookmark: _Toc383179874][bookmark: _Toc393012985]Table 10. Overview and structure of regional funds available for renewable energy and energy efficiency in the Western Balkans region
	DONOR
	FUND NAME
	TOTAL FUNDS (MIL. EUR)

	EBRD
	WeBSEDFF
	66.00

	EBRD
	WBPSSF-SEEF
	50.00

	KfW
	Banking Facility for Sustainable Energy Finance
	119.50

	UNEC
	Eastern Europe Energy Efficiency Fund/EE21
	36.15

	USAID/Hellenic AID
	SYNERGY
	8.00

	GIZ
	Open Regional Fund
	3.00

	Italian Gov. and EBRD
	CEI Trust Fund
	1.40

	EC/EBRD
	EBRD WeBSECLF
	68.30

	EC/EIB
	EIB
	67.50

	EC/CEB/KfW
	CEB/KfW
	38.50

	EC/EIB/KfW EBRD
	Green for Growth Fund (GGF)
	134.50

	TOTAL
	
	592.85



Overview of purposes of funds for renewable energy (RE) and energy efficiency (EE) in the Western Balkans region is shown in the next chart.
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Regional credit funds (with technical assistance and grants)
Regional technical assistance programs
Loan funds at the state level (with technical assistance)
Mixed/EE funds at the state level (with technical assistance)
Funds at the state level for technical assistance
Grant funds at the state level
Guarantee funds at the state level


[bookmark: _Toc383179523][bookmark: _Toc393011947]Image 60. Overview of purposes of funds for RE and EE in the Western Balkans region
Most of the funding is intended for the economy or industry, small and medium sized enterprises. Distribution of funds is done exclusively through commercial banks. The following table provides a comparative overview of interest rates and other conditions for loans for renewable energy and energy efficiency in the Western Balkans region.
[bookmark: _Toc383179875][bookmark: _Toc393012986]Table 11. Overview of the interest rates and other conditions for loans for renewable energy and energy efficiency in the Western Balkans region
	
	HOUSEHOLDS
	COMPANIES
	CREDIT PERIOD
	GRACE PERIOD
	COLLATERAL

	ALBANIA
	11-16%
	12-15%
	5-12 years
	usually none
	Mortgage over 5 years

	BIH
	8.51%
	-
	up to 10 years
	1-3 years
	-

	CROATIA
	7-9%
	6.4-9%
	2-12 years
	6 months - 2 years
	up to 130% of the loan

	MACEDONIA
	-
	6.4-9%
	5-10 years
	1-3 years
	various options

	MONTENEGRO
	-
	6-13.5%
	7-12 years
	up to 2 years
	various options

	SERBIA
	5.9-14%
	5-10.27%
	2-12 years
	up to 2 or 4 years
	various options

	KOSOVO
	10.90%
	13.20%
	up to 10 years
	usually none
	various options



Financing renewable energy sources in Bosnia and Herzegovina
Funds and financial lines for renewable energy and energy efficiency available in Bosnia and Herzegovina, by categories of beneficiaries are shown in the following table.
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Table 12. Funds and financial lines for renewable energy and energy efficiency available in Bosnia and Herzegovina, according to the beneficiary category
	
	
	FUND TYPE
	PURPOSE OF FUNDING BY CATEGORY

	Fund name
	Donor
	Regional funds
	Funds for BiH
	Households
	Small and medium enterprises / industry
	ESCO / OIE
	Municipalities
	Public sector

	WeBSEDFF
	EBRD
	YES
	-
	-
	YES
	-
	YES
	-

	WBPSSF-SEEF
	EBRD
	YES
	-
	-
	YES
	-
	-
	-

	Banking Facility for Sustainable Energy Finance
	KfW
	YES
	-
	YES
	YES
	-
	YES
	-

	Eastern Europe Energy Efficiency Fund/EE21
	UNEC
	YES
	-
	YES
	YES
	-
	YES
	-

	SYNERGY
	USAID / Hellenic AID
	YES
	-
	-
	-
	-
	-
	YES

	Open Regional Fund
	GIZ
	YES
	-
	-
	YES
	YES
	YES
	YES

	CEI Trust Fund
	Italy and EBRD
	YES
	-
	-
	-
	-
	YES
	YES

	EBRD WeBSECLF
	EC/EBRD
	YES
	-
	-
	YES
	-
	-
	-

	EIB
	EC/EIB
	-
	-
	-
	YES
	-
	YES
	-

	CEB/KfW
	EC/CEB/KfW
	YES
	-
	-
	-
	-
	-
	-

	Green for Growth Fund (GGF)
	EC/EIB/KfW EBRD
	YES
	YES
	YES
	YES
	YES
	-
	YES

	Development of Credit Facility for EE  to BiH 
	USAID /SIDA
	-
	-
	YES
	-
	-
	YES
	-

	Institutional capacity building
	EBRD
	-
	-
	
	-
	-
	-
	YES



Other sources of financing for renewable energy and energy efficiency available in Bosnia and Herzegovina are presented through donor projects or programs: 
· UNDP/MDG-F,
· USAID/3E,
· GIZ/EE,
· EC/DELTER project.
Financing renewable energy sources in Serbia
Funds and financial lines for renewable energy and energy efficiency available in Serbia from EU funds, are shown in the following table.
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Table 13. Funds and financial lines for renewable energy and energy efficiency available in Serbia from the EU funds
	SOURCES OF FINANCING
	BENEFICIARIES AND CONDITIONS

	IPA – cross-border cooperation programs – Hungary, Romania, Bulgaria, Bosnia and Herzegovina, Croatia, Montenegro, Adriatic program 
	
Municipalities, state institutions, NGO

	FP 7 
	Research-development programs 

	EIB, EBRD
	Investors - loans 

	EU delegation in Serbia 
	Municipalities, state institutions, NGO 

	EU Covenant of Mayors 
	Municipalities or regional associations 

	EU Eco Innovation fund
	Small and medium enterprises 

	Covenant of Mayors 
EU Covenant of Mayors 
www.eumayors.eu
Objective: involvement of local authorities in the battle against climate change 
· 80% of the total energy is consumed in urban areas 
· The area of action at the local level: 
· Civil engineering - especially the construction of new buildings and major reconstructions 
· Local infrastructure - district heating systems, public lighting, distribution grids, etc. 
· Land use and spatial planning 
· Decentralized use of renewable energy sources 
· Transport policy at the local level 
· The participation of citizens and civil initiatives 
· Responsible energy behaviour of citizens, consumers and business sector 
	· Presentation of the initiative Covenant of Mayors to the city or municipal council 
· The city / municipal council adopts the initiative and authorizes the Mayor to sign a accession form and informs the European Commission about the decision 
· E-mail with instructions on the next steps 
· Reducing CO2 emissions by at least 20% by 2020 
· Preparation and adoption of an action plan for sustainable energy within one year - how to achieve the set objective 
· Preparation of the report on the implementation of activities - every 2 years 
· The organization of the event "Sustainable Energy Days" 
· Participation at the annual conference of the "EU Conference of Mayors» 


	Fund for Eco-innovation 
EU Eco-innovation fund 
ec.europa.eu/environment/eco-innovation/index_en.htm
· The projects must have an innovative character 
· They must be in compliance with the environmental policy of the EU, while taking into account the economic concerns 
· Replication and international dimension of the project 
· Developed in accordance with the principles of technical and project management 
· Cost efficiency while achieving a higher level of quality  
	Small and medium sized enterprises 
Grant in the amount of maximum 50% of the project value 
Grant purpose: equipment, infrastructure, procurement of materials, process and technical equipment for innovative activity 
The annual call for proposals 


Funds and financial lines for renewable energy and energy efficiency available in Serbia through lines of credit, are shown in the following table:
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Table 14. Funds and financial lines for renewable energy and energy efficiency available in Serbia through lines of credit
	FINANCIAL INSTITUTION
	CONDITIONS

	EBRD WEBSEFF (www.webseff.com) 
	Line of credit for small and medium enterprises - for sustainable energy (RES and EE) - EUR 60 M 
Loans up to EUR 2 M - up to 5 years - commercial banks: Banca Intesa, Societe Generale, UniCredit 
EUR 2-6 M - up to 12 years - direct funding from the EBRD 
Essential requirement for the acceptance of the project - estimated reduction of CO2 emissions 
Incentives - 15-20% loans write-off in the event of a successful implementation of the project 
Interest rate - 5.75-7%+EURIBOR 3M 

	EIB – APEX III 
	Line of credit for small and medium enterprises 
Loans up to EUR 12.5 M - up to 12 years - commercial banks: UniCredit banka, Erste banka, OTP Banka, Čačanska banka, Komercijalna banka, Privredna banka Beograd, Raiffeisen banka, Eurobank EFG 
Interest rate - (EURIBOR 3M + EIB commission) + 0.5% NBS + 3% commission of commercial bank 

	KfW 
	Line of credit for RES and EE 
Loans up to EUR 1 M - objective: achieved energy savings of at least 20% of energy - up to 7 years, with a grace period of up to 3 years 
Commercial banks - Volksbank, Raiffeisen Bank, Čačanska banka and ProCredit Leasing 

	Italian line of credit 
	Loans for development of small and medium enterprises 
Minimum of 70% of the loan must be spent on equipment of Italian origin 
Loans from 50,000 to 1 M EUR - up to 8 years, with a grace period of up to 2 years 
Interest rate - 4.9% + commission of commercial bank - commercial banks: UniCredit bank, Čačanska banka, Komercijalna banka, Privredna banka Beograd, Banca Intesa 

	NBS - Revolving loans 
	Loans for small and medium enterprises and entrepreneurs 
Loans from 20,000 to 200,000 EUR - up to 5 years, with a grace period of up to 1 year 
Interest rate: EURIBOR 3M+3.25% - commercial banks: Unicredit banka, Erste banka, OTP banka Srbija, Čačanska banka, Kоmеrcijalna banka, Privredna banka Beograd, Raiffeisen banka, Mоskovska banka, AIK banka, Credy banka 


[bookmark: _Toc383179066][bookmark: _Toc393011783]Incentive pricing
Incentive pricing in Republic of Srpska
Electricity prices in the Republic of Srpska for mandatory purchase at guaranteed purchase price, the price of electricity for the mandatory purchase for old plants in operation and the amount of the premium shall be determined in accordance with the methodology prescribed in the Rulebook on encouraging the production of electricity from renewable energy sources and in efficient cogeneration ("Official Gazette of the Republic of Srpska", number 114/13), and a special decision of the Regulatory Commission, which must be authorized by the Government of the Republic of Srpska. 
Producers of electricity in new production facilities that are entitled to incentives in accordance with the provisions of this Rulebook shall have the right to mandatory purchase of electricity at guaranteed purchase price or the right to the premium for a period of 15 years from the date of exercising the right of mandatory purchase price at guaranteed purchase price or the right to the premium. 
Regulatory Commission shall check the level of guaranteed purchase prices and premiums at least once a year, and if necessary, correct them by the new decision, which must be authorized by the Government of the Republic of Srpska. 
When executing agreement on the mandatory purchase the rates of the decision which was in force at the time of conclusion of the agreement shall be applied. When executing the first agreement on payment of premium, the prices from the decision that was in force at the time of conclusion of the agreement shall be applied, where the amount of premium for the coming period shall be regularly aligned with the decision of the Regulatory Commission on the amount of the premiums, which must be authorized by the Government of the Republic of Srpska. 
The prices from the agreement on mandatory purchase shall not be changed during the term of the agreement, except as provided in the provisions of this Rulebook. In the event of a major change of exchange rate of convertible mark against the Euro in Bosnia and Herzegovina, the Regulatory Commission shall review and, if necessary, with the consent of the Government of the Republic of Srpska, change the guaranteed purchase prices that were valid at the time of the conclusion of an agreement on mandatory purchase at guaranteed purchase price.
The following table shows an overview of the prices of the current decision and proposals for new prices that will be effective from 1st January 2014 in Republic of Srpska.

In Republic of Srpska new 1300 kW of installed capacity was built in 2013, which is a huge step if we take a look at previous projects and investments in this area. The total value of investments in new solar power plants is about 2 million euros.
This behaviour of investors in solar power plants is probably caused by the Decision on Levels of Guaranteed Purchase Prices and Premiums for Electricity Generated from Renewable Sources and in Efficient Cogeneration, which predicts that the feed-in tariffs in the Republic of Srpska (guaranteed purchase prices and premiums from Article II, Item 1) of this Decision) shall be reviewed and adjusted in the manner and terms prescribed by the provisions of Articles 29, 51 and 52 of the Rulebook on encouraging the production of electricity from renewable energy sources and in efficient cogeneration ("Official Gazette of the Republic of Srpska", number 114/13).  By reviewing the guaranteed purchase prices and premiums in Republic of Srpska, the Energy Regulatory Commission checks the progress in the development of technologies for the production of electricity from renewable energy sources or in efficient cogeneration in order to align the guaranteed purchase price with the changed technological conditions, taking into account the available potential and planned inclusion of various renewable sources and efficiency of cogeneration plants for electricity production. Also, in the case of electricity generation in cogeneration plants, which are fuelled by natural gas, by adjusting the guaranteed purchase price, the Energy Regulatory Commission monitors the changes of the wholesale price of natural gas in the Republic of Srpska and, at least once a year, reviews and, if necessary, adjusts guaranteed purchase price.
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Table 15. Overview of prices of the current decision and proposals for new prices that will be effective from 1st January 2014 in Republic of Srpska
	Solar power plants with photovoltaic cells
	Sales in mandatory purchase at guaranteed purchase prices
	Sales in the market and consumption for own needs

	
	Guaranteed purchase price
	Reference
price
	Premium (at the guaranteed price)

	Reference price
	Premium

	
	BAM/kWh
	BAM/kWh
	BAM/kWh
	BAM/kWh
	BAM/kWh

	Guaranteed purchase prices and premiums from 1st January 2014

	For facilities up to and including 50 kW
	0.3398
	0.0541
	0.2857
	0.0851
	0.2547

	For facilities exceeding 50 kW up to and including 250 kW
	0.2947
	0.0541
	0.2406
	0.0851
	0.2095

	For facilities exceeding 250 kW up to and including 1 MW
	0.2358
	0.0541
	0.1817
	0.0851
	0.1507

	On the ground up to and including 250 kW
	0.2735
	0.0541
	0.2194
	0.0851
	0.1883

	On the ground exceeding 250 kW up to and including 1 MW
	0.2181
	0.0541
	0.1640
	0.0851
	0.1330


Incentive pricing in Serbia
The Government of Serbia adopted a new Decree on incentives for the purchase of electricity from renewable energy sources in January 2013. Starting from 1st January 2014 the following feed-in tariffs for solar power plants shall apply, as prescribed by the Decree on Incentive Measures for Privileged Electricity Producers: 
· Solar power plants on a building up to 0.03 MW (20.66 eurocents/kWh),
· Solar power plants on a building from 0.03 to 0.5 MW (20.941 eurocents/kWh),
· Solar power plants on the ground (16.25 eurocents/kWh).
This Decree prescribes an incentives period of 12 years for all power plants of privileged producers that have been put into operation less than 12 months prior to signing the agreement on purchase of total amount of produced electricity with public supplier, or incentives period of 12 years minus the difference between the year of conclusion of the agreement and the year of commissioning for all other power plants of privileged producers. Feed-in-tariffs shall be adjusted according to the inflation in the Euro zone, once per year. Also, the Decree prescribes that privileged producers who had previously obtained the temporary status of a privileged producer shall have the right to sell the total amount of electricity produced to public supplier during the incentives period at incentive price that was valid at the time of obtaining the temporary status of privileged producer.
Also, the Decree prescribes free monthly notification to the privileged producer and public supplier about the registered production of electricity at the facility of privileged producer by the authorized system operator during the incentives periods, as well as the right of the privileged producer to conclude an agreement on the purchase of the total produced electricity at market conditions on the organized electricity market in Serbia with the public supplier after the expiration of the incentives period.
[bookmark: _Toc383179067][bookmark: _Toc393011784]Solar panels on the market of Bosnia and Herzegovina and Serbia
According to market research of solar panels in Bosnia and Herzegovina and Serbia, there are a lot of suppliers who sell solar panels. The solar panels are mostly from Chinese manufacturers. Solar panels by Chinese manufacturers are sold at a double price than on the world market or 0.90 €/W - 1.10 €/W in Bosnia and Herzegovina, and 0.80 €/W - 1.00 €/W in Serbia. Realistic price of the panel, with respect to all taxes, margins and transportation costs should be in the range of 0.70 €/W - 0.75 €/W, or 20% less than the current prices.
[bookmark: _Toc383179068][bookmark: _Toc393011785]SWOT Analysis
SWOT analysis points out the influence of external and internal factors on the implementation and operational functioning of the business, in this case the production of energy in solar power plants. External factors are beyond the control of investors and are represented as opportunities that encourage business, and threats to the business. Internal factors are controlled by investors and are represented as strengths which represent the source of competitive advantages and weaknesses that are the sources of competitive disadvantages of business. Based on the above a SWOT matrix can be defined. Its basic elements are given in the following table.
[bookmark: _Toc383179880][bookmark: _Toc393012991]Table 16. SWOT matrix
	Strengths
	Weaknesses

	· High potentials
· Declarative support of the population and public administration
· The interest of investors
· Growth in energy consumption
	· Poor market
· Poor coordination of institutions responsible for RES
· Lack of knowledge and education
· Weak financial support
· Administrative obstacles (The necessity of obtaining a large number of documents and permits)

	Opportunities 
	Threats

	· EU funds
· Stimulative subsidies
	· The influence of lobbies against RES
· Financial crisis



The displayed matrix and its contents show that the project is exposed to the various influence factors which create both opportunities and threats, like they express both strengths and weaknesses. In the conduct of business the impacts of threats should be minimized, and opportunities should be maximized. The weaknesses should also be eliminated and the strengths of investors should be further developed. The future business of producing energy in solar power plants should be focused on the maxi-maxi option, or use own strengths in order to use favourable market opportunities.
We should work on overcoming weaknesses in a way to engage expert staff who are one of the cornerstones of success. Financial weakness should be overcome through the financial management and control, and by identifying opportunities for partnership in investments and phased approach to investing. Dangers which the business faces are systemic in nature and they have adverse effect on all business entities in this business. It can be expected that the improvement of the situation in this area will happen through the creation of state/entity energy development strategy which would promote the use of renewable energy sources.
[bookmark: _Toc383179069][bookmark: _Toc393011786]Analysis of the production of parts and components
In order to put the production potential of PV and TS parts and components in the proper context, it is necessary to consider the state of this industry in the European Union. In 2001 The European Commission set a target for EU countries to increase the use of renewable energy sources, and that the share of electricity from renewable energy sources in total electricity consumption in the EU should be 22.1% in the 2010. Consequently, all member countries are committed to increasing the production of electricity from renewable sources by a certain percentage for each country. In order to achieve this, appropriate incentive mechanisms were set up aimed at encouraging the investors, and thus the manufacturers of parts and components in the form of incentive purchase prices (feed-in tariff). In 2007 the same commission set a target for the share of renewable energy in total energy consumption in the EU by 2020 to 20%, while each country is left with the choice of which type of renewable energy will they use to accomplish the goal. Between 2003 and 2008 installation of these systems in the EU have increased over ten times.
Based on a study by Greenpeace and EPIA each MW in manufacturing of solar equipment opens 10 new jobs, while 33 jobs per MW opens during the installation of the system. 3-4 new jobs is created in the course of sales and indirect delivery, and 1-2 jobs are created in the research sector. Based on the latest data, the number of employees in the European PV and TS industry exceeded 100,000 in the 2008.
The solar program is ideal for starting fallen metal processing and plastic industry in Bosnia and Herzegovina and Serbia. The program is particularly suitable because it will employ a large number of subcontractors (craft workers and small enterprises) which is a priority objective of the development of the two countries.
[bookmark: _Toc374566018][bookmark: _Toc383179881][bookmark: _Toc393012992]Table 17. Analysis of the production of parts and components
	
	Is there a production at the moment
	The investment costs for production
	The competitiveness on the market
	Increasing the use of renewable sources
	Reducing exhaust gases by producing parts and components

	PV systems
	Solar cells
	NO
	High
	Poor
	YES
	YES

	
	DC/AC inverters
	NO
	High
	Poor
	YES
	YES

	
	Connection cables
	YES
	Medium
	Medium
	NO
	NO

	
	Mounting systems
	YES
	Low
	Excellent
	NO
	NO

	
	Charge controllers
	NO
	High
	Poor
	NO
	NO

	
	Batteries
	YES
	High
	Good
	NO
	NO

	TS systems
	Solar collectors
	NO
	Medium
	Poor
	YES
	YES

	
	Solar storage tank
	YES
	Low
	Good
	NO
	NO

	
	Pump
	NO
	High
	Poor
	YES
	NO

	
	Control unit
	NO
	High
	Poor
	YES
	NO

	
	Pipeline distribution
	YES
	Low
	Very good
	NO
	NO

	
	Working medium
	YES
	Low
	Very good
	NO
	NO



Manufacture of parts and components in addition to the opening of a large number of jobs, has other positive effects on the economy. First, an increase in PV and TS installation reduces dependence on imported energy. PV electricity production is the best in conditions of extremely high temperatures when, for example, the efficiency of hydroelectric power plants is decreased due to reduced water flow. This is especially true in countries that export electricity such as Bosnia and Herzegovina. Using the TS system increases energy efficiency which significantly influences the economy. Increasing energy efficiency in the country leads to a drop in electricity consumption, which significantly increases the economy of the state by exporting larger quantities of energy. 
Currently in Bosnia and Herzegovina and Serbia, there is no company that manufactures PV systems, and major parts and components are imported in these countries. The beginning of production of the PV systems (parts and components) in the current political situation and according to current investments in this area, it is very unlikely to that the production in these two countries will begin. However, in Bosnia and Herzegovina and Serbia, there are certain aspects of the production of the TS systems, but they have not yet experienced commercial production. In the future, it is expected that the states will introduce incentives for the manufacture and installation of TS systems in terms of improving energy efficiency and reducing consumption of "dirty" energy.
An increasing number of companies and organizations is actively involved in the promotion, development and production of PV and TS systems. Market value of production of PV and TS systems is currently more than 5 billion USD per year. The following figure shows the historical development of the global cumulative capacities by regions of the world.
	[image: ]
	
Europe
Japan
USA
Rest of the world


[bookmark: _Toc374566000][bookmark: _Toc383179524][bookmark: _Toc393011948]Image 61. Historical development of the global cumulative capacity in the world

Between 2003 and 2008 the installation of PV systems in the EU have increased more than ten times and reached 9.5 GW of total capacity at the end of 2008. From this amount 5.3 GW is installed in Germany, 3.4 GW in Spain, which means that more than half of European capacity is located in Germany. The image below presents a comparative European capacities connected to the distribution grid in 2001 and 2008.
[image: ]
[bookmark: _Toc374566001][bookmark: _Toc383179525][bookmark: _Toc393011949]Image 62. The total European capacity connected to the distribution grid
The continuing increase in the production capacity of solar systems plays an important role in relation to the huge market that exists for these products in rural areas of Asia, Africa and South America, where there are still about 2 billion people without access to electricity. It is strategically important for Europe to win and keep this market, both because of the possibility of creating new jobs, and to maintain a leading position in the world in this industry. European plan according to the Directive 2009/28/EC on the promotion of use of energy from renewable sources is to reach 20% of installed capacity by the end of 2020. So far, only the growth of productive capacity has been recorded. However, the impressive growth and sustainability of this trend depends on the extent to which the states will encourage and activate all local resources, such as solar energy and employment in order to maximize energy independence from imported fossil fuels and electricity, and to minimize the cost of energy in each product and service, making the domestic products more competitive on the world market. This policy directly leads to increased foreign and domestic investment in new, clean technologies, but at the same time it leads to the reduction of production costs related to the prevention of bad emissions and environmental protection. It is estimated that the initially good results can be achieved in terms of increasing production capacity if the state policy turns to the following:
· VAT reduction for all solar equipment. The current rate is extremely harmful because it does not bring any income to the state from production or from sales, because no one buys anything under existing conditions;
· Introducing the measures of correct macroeconomic policies which can launch competitive manufacturing solar equipment on a very large economic scale, of which about 50% of production would require its own market for at least next thirty years. This market lacks large amounts of such products, while the other 50% could be export at very competitive prices.
Solar systems today represent a technically perfected concept of efficient use of primary energy and an increase of its production capacity could significantly contribute to meeting European energy and environmental targets by 2020. Due to the relatively unfavourable economic framework (expressed as insufficiently large difference between the prices of electricity and fuel prices), current development of solar systems is conditioned by financial support. Existing equipment subsidies and the introduction of a premium on all produced energy in developed countries create the conditions for a significant increase in production capacity. In the frame of the expected European development in Bosnia and Herzegovina and Serbia we can expect a gradual introduction of solar systems in public and commercial buildings in which the technological and economic parameters are very favourable.

[bookmark: _Toc383179070][bookmark: _Toc393011787]
LEGAL STATUS OF ENERGY SECTOR IN THE REGION
[bookmark: _Toc328381634][bookmark: _Toc383179071][bookmark: _Toc393011788]Institutional framework of Bosnia and Herzegovina and the Republic of Srpska
In Bosnia and Herzegovina, there is a complex political and organizational structure in the energy sector because the state or entities manage and supervise three electric power companies, an oil refinery, transmission of natural gas and its distribution, as well as coal mines, while district heating systems come under the jurisdiction of the municipality (RS) and cantonal governments (B&H Federation). This unique structure was created as a result of complex political situations. 
Some of the major problems facing the energy sector in Bosnia and Herzegovina today are incoherent powers over energy issues, lack of energy policy or strategy at the state level, as well as the lack of statistics and the law.
Disharmony in jurisdiction and competences in the energy sector of Bosnia and Herzegovina (energy sector of Bosnia and Herzegovina is not under the jurisdiction of the state of Bosnia and Herzegovina but under the jurisdiction of the entities, except the function of coordination under the Ministry of Foreign Trade and Economic Relations), on one hand, and undertaken international obligations of Bosnia and Herzegovina in the process of integration and fulfilment of obligations, on the other hand, produce a large delay of objectively possible faster development and utilization of international financial resources and projects. As it has been already explained, the complexity of the political structures in Bosnia and Herzegovina covers the energy sector too. This can be seen in the table below.
[bookmark: _Toc383179882][bookmark: _Toc393012993]Table 18. Major participants in the electricity sector in the Republic of Srpska
	ENERGY  POLICY

	The Ministry of Foreign Trade and Economic Relations of Bosnia and Herzegovina
	The Ministry is responsible for tasks and duties falling within the jurisdiction of the State of Bosnia and Herzegovina including defining policies and basic principles, coordinating activities and consolidating entity plans with those of international institutions in the areas of energy and environment protection, as well as development and use of natural resources[footnoteRef:15]. [15:  Law on Transmission of Electricity, Regulator and System Operator of Bosnia and Herzegovina (Official Gazette of B&H, number  07/02 and 13/03)] 


	Ministry of Industry, Energy and Mining of the Republic of Srpska
	It stimulates development of relevant economic sectors through measures of economic and development. It supervises the influence of economic policy on the development of industrial production, the production in energy and mining sector in general and in individual sectors and significant companies. It participates in the drafting and adoption of technical regulations from department authorities and their adjustment with EU legislation (acquis communautaire). 

	Ministry of Spatial Planning, Civil Engineering and Ecology of the Republic of Srpska
	Authorities of this institution are related to spatial planning and development, exploitation of natural resources, protection of natural areas with distinct architectural and cultural-historical significance. The Ministry manages the integral protection of quality of the environment and its improvement through research, planning, management and protection measures, protection of assets of general interest, natural resources, natural and cultural heritage.




	REGULATION

	The State Electricity Regulatory Commission (SERC)
	It is an independent institution of Bosnia and Herzegovina established by the Parliamentary Assembly of Bosnia and Herzegovina[footnoteRef:16]. SERC regulates the electricity transmission system in Bosnia and Herzegovina and has jurisdiction and responsibility over transmission of electricity, transmission system operations and international trade in electricity in accordance with international codes and standards of the European Union. [16:  Law on Transmission of Electricity, Regulator and System Operator of Bosnia and Herzegovina (Official Gazette of B&H, number 07/02 and 13/03)] 


	Regulatory Commission for Energy of Republic of Srpska (RCERS)
	Regulatory Commission for Energy of Republic of Srpska was founded in 2002 as Regulatory Commission for Electricity of Republic of Srpska, in order to regulate monopolistic behaviour and provide all participants on the electricity market in Republic of Srpska with transparent and non-discriminatory position[footnoteRef:17]. In 2007, apart from competences, the name of the Regulatory Commission for Electricity of Republic of Srpska was changed into Regulatory Commission for Energy of Republic of Srpska[footnoteRef:18]. Basic competences of the Regulatory Commission within the electric energy sector are as follows: monitoring and regulation of relationships between generation, distribution and customers of electricity including traders of electricity, prescription of methodology and criteria for determination of both, the price for using distribution grid and for supply of non-eligible customers with electricity as well as the methodology for determination of the fee for connection to the distribution grid, making tariff system for selling electricity and using distribution grid, determination of tariff rates for distribution system users and tariff rates for non-eligible customers, issuance or revocation of the licenses for generation, distribution and trade of electricity, making general conditions for delivery of electricity, determination of the electricity price at the plant outlet. [17:   Law on Electricity (Official Gazette of the Republic of Srpska, number 66/02, 29/03 and 86/03)]  [18:   Law on supplements and amendments of the Law on Electricity  (Official Gazette of Republic of Srpska, number 60/07)] 


	TRANSMISSION

	Independent System Operator in Bosnia and Herzegovina (ISO)[footnoteRef:19] [19:  ISO in BH was established by the Parliamentary Assembly of BH by the Law on Foundation of Independent System Operator for the Transmission System in Bosnia and Herzegovina (Official Gazette of BH 35/04). ] 

	The purpose of establishing ISO BH is to ensure continuity supply of electricity according to defined quality standards for citizen welfare in Bosnia and Herzegovina. ISO BH competences are: management of the transmission system with the aim of ensuring reliability, management of assets and appliances in the mainstream control centre, management of  the balance market, assurance of auxiliary services and development and application of reliable standards, development and application of guidelines which regulate the usage of the transmission system, development and enforcement of market regulations which are founded by provisions cohesive to the systems and auxiliary services in the transmission system.

	Elektroprenos/Elektroprijenos BH JSC Banja Luka[footnoteRef:20] [20:  It was established by the Law on Establishing of Company for Transmission of Electricity in Bosnia and Herzegovina (Official Gazette of BH, number 35/04).] 

	The activity of the company is transmission of electricity and maintenance, construction and enlargement of distribution grid in BH. The function of the company is to transfer the energy generated in the power plants to electricity distribution areas or large industrial consumers and to connect electric power system of BH with electric power systems of neighbouring countries and wider area in order to enable export, import and transit of electricity.


	DISTRIBUTION

	Joint Holding Company Elektroprivreda Republike Srpske, JSC Trebinje (JH EPRS)[footnoteRef:21] [21:  It was founded by the Decision number 02/I-020-60/06 dated 30th December 2005 adopted by the Government of the Republic of Srpska] 

	JH EPRS, is one of three vertically integrated monopolies in charge of generation, transmission and distribution of electricity in BH together with Public Company Elektroprivreda Bosne i Hercegovine JSC (EPBiH) and Public Company Elektroprivreda Hrvatske Zajednice Herceg-Bosna JSC (EPHZHB). The activities of the company are: generation of electricity and exploitation of coal, distribution and supply of buyers in the Republic of Srpska with electricity, trade in electricity, optimization of generation and providing the technical and technological unity of the system striving for more efficient and rational business activity of joint stock companies regarding the position of the Joint Holding as responsible party under the Market Rules and Grid Code, project management and implementation of projects in the energy sector of the Republic of Srpska. JH ERS is consisted of five companies for the distribution of electricity, namely:
· JC Elektrokrajina JSC Banja Luka
· JC Elektro Doboj JSC Doboj
· JC Elektro Bijeljina JSC Bijeljina
· JC Elektrodistribucija Pale JSC Pale
· JC Elektrohercegovina JSC Trebinje


[bookmark: _Toc383179072][bookmark: _Toc393011789]Legislative framework of Bosnia and Herzegovina and the Republic of Srpska
As already stated in the previous chapter related to the institutional framework, as a result of the complex organizational structure in the energy sector there is also the complex legal framework, which can not be adopted only at national level but also at the entity level. As it can be seen in the table above, the Regulatory Commissions that regulate the electricity market by its regulations have an important role. The following is an overview of the legal framework in B&H and the RS with special emphasis on legislative procedure for the construction of PV and TS systems on the territory of the Republic of Srpska.
Law on Transmission of Electricity, Regulator and System Operator of Bosnia and Herzegovina (Official Gazette of B&H, number 07/02 and 13/03)
The Law is intended to facilitate and advance the creation of an electric energy market in Bosnia and Herzegovina as well as to integrate the market into the international electric market. The objective of this Law is to lay down the basis for unlimited and free trade and a continuous supply of electricity at defined quality standards for the welfare of the citizens of Bosnia and Herzegovina. The Law regulates the jurisdiction over the electricity transmission system in B&H and establishes the State Electricity Regulatory Commission (hereinafter: SERC), having jurisdiction and responsibility over transmission of electricity, transmission system operations and foreign trade in electricity, the Independent System Operator (hereinafter: ISO B&H) for the management of the system, transmission network and its assets shall be managed by the company for the transmission of electric energy (hereinafter: Elektroprenos – Elektroprijenos BiH) and policy-making, in accordance with this Law, shall be carried out by the Ministry of Foreign Trade and Economic Relations. According to the Article 4 of the mentioned Law, the market for electricity in Bosnia and Herzegovina is a single unified economic space and licenses issued by the Entity regulatory bodies for trade in Bosnia and Herzegovina shall be valid in the territory of Bosnia and Herzegovina. 
Law on Foundation of Independent System Operator for the Transmission System in Bosnia and Herzegovina (Official Gazette of B&H, number 35/04)
This Law establishes a non-profit Independent System Operator in B&H (hereinafter: ISO B&H) and defines its functions, powers, governance and ownership. The objective of the Law is to establish an independent system operator and ensure a continuous supply of electricity at defined quality standards for the welfare of the citizens of Bosnia and Herzegovina. The Law is intended to facilitate the creation of a competitive electricity market in Bosnia and Herzegovina and its integration in regional energy markets and regional energy development activities[footnoteRef:22]. [22:  For ISO activities  - see table 18] 


Law on Establishing Company for Transmission of Electric Power in Bosnia and Herzegovina (Official Gazette of B&H, number 35/04)
This Law establishes a joint stock company for the transmission of electricity, "Elektroprenos/Elektroprijenos BiH" and defines its functions, powers, governance, and ownership. Elektroprenos/Elektroprijenos BiH shall perform its activities on the entire territory of Bosnia and Herzegovina under the condition that those activities are directly related to improvement of the transmission and other activities connected to transmission in Bosnia and Herzegovina and neighbouring electricity systems[footnoteRef:23]. [23:  For activities of Elektroprenos/Elektroprijenos BiH  – see table 18] 


Law on Electricity of the Republic of Srpska (Official Gazette of RS, number 08/08, 34/09, 92/09 and 01/11)
The Law on Electricity of RS establishes the rules for generation and distribution of electricity in the territory of the Republic of Srpska and domestic trade on behalf of the Republic of Srpska. The Law regulates the establishment and operation of the electric power system in the Republic of Srpska. The objective of the Law is to determine the conditions necessary for rational and economic development of generation and distribution of electricity in the territory of RS and to promote companies providing public services for the purpose of unhindered electricity supply to the costumers. 
Besides the above stated, the Law establishes the rights and obligations of the electricity producers and the possibility to acquire the status of the qualified electricity producer according to conditions and with incentives prescribed by RCERS. According to the Law, Distribution system operator (Distributor) is responsible for operation, management, maintenance and development of the distribution system. Distributor shall enable transmission of electricity through its network and the distribution of electricity on the territory at the request of network users.  Electricity distributors shall guarantee the reliability of the distribution network operations and the maintenance of quality levels of electricity, secure coordinated operation of the distribution network, provide information to ISO B&H on future needs for electricity and provide access to the distribution network by third party. Distribution operator can deny access to the network due to limited technical or operational capacities of the network and there is a possibility of appeal to the RCERS. The operation and manner of management of a distribution network shall be regulated by the Grid Code that shall be made by the distributor and approved by the RCERS. 
Law on Energy (Official Gazette of RS, number 49/09)
This Law provides the basis of the energy policy of the Republic of Srpska, creation of energy development strategy, plans, programs and other documents for its implementation, basic issues of regulation and realization of the energy activities, use of renewable energy sources and terms and conditions for realization of the energy efficiency.
The Law prescribes that the use of renewable energy sources and efficient cogeneration are of general interest for Republic of Srpska. Using renewable energy sources and efficient cogeneration provide decrease of use of fossil fuels and negative impacts on environment.  The Law prescribes the system of stimulating generation of electricity from renewable energy sources and co-generation, method of providing and using incentive funds prescribed by Regulatory Commission, with the consent given by the Government. 
The Law also prescribes that a producer of electricity may, at its own request, get a certificate on origin for electricity generated in the generation installations which has a valid certificate (declaration) when proven that, in the period which the certificate is related to for the generation installations, it has been operating in a way that it meets the terms and conditions prescribed for efficient cogeneration, i.e. generation of electricity from renewable sources. Regulatory Commission issues the certificate on origin and a certificate for generation installations and prescribes their content, as well as terms and conditions for issuance.  Besides the above said, system operators on whose network the installations for generation of electricity are connected to, and for which the certificate on origin are issued, shall submit to Regulatory Commission all data related to electricity generated for which Regulatory Commission shall issue the certificate of origin. 
Law on Renewable Energy Sources and Efficient Cogeneration (Official Gazette of RS, number  39/13)
This Law regulates planning and promotion of the production and consumption of energy from renewable sources and in efficient cogeneration, technologies for use of renewable energy, measures of incentives for the production of electricity using renewable energy sources and in efficient cogeneration, implementation of the system of promotion the production of renewable energy and construction of facilities for the production of electricity from renewable energy sources and other important issues in this field.
According to this Law, the Certificate for generation facility can be awarded to the producer of electricity for its generation facility that generate electricity from renewable sources or in co-generation, in an economically suitable manner, while protecting the environment, and in which the metering of all energy values are secured. Obtaining the Certificate for generation facility is a necessary condition for granting the right for incentive of electricity generation from renewable sources or for issuance of guarantees of electricity origin. The Certificate for generation facility is issued after getting the Approval for use issued by the authorized institution in accordance with the regulations on spatial planning and construction. The Certificate for generation facility is issued by the Regulatory Commission for Energy of the Republic of Srpska at the producer’s request. The Regulatory Commission keeps the Register of the issued certificates for generation facilities. The Certificate for generation facility is issued for the period of 15 years for generation facility that uses solar energy. 
The Law appoints Operator system for incentives[footnoteRef:24] for executing administrative, financial and other operational activities concerning system for incentives of electricity generation from renewable sources and in efficient cogeneration. The Government should reach the decision by which it shall determine issues concerning the status and organization of Operator of incentives systems[footnoteRef:25]. Suppliers of the final customers are obliged to buy from the Operator of incentives systems a share of the electricity produced using renewable energy sources [24:  It concerns the affairs such as concluding contracts on incentives, buying electricity generated in the facilities that have the right on the guaranteed purchase price, perform calculations and payment of funds for electricity generated in the generation facilities that have the right to incentive, etc. ]  [25:  According to the Decree on generation and consumption of electricity from renewable sources and in efficient cogeneration (“Official Gazette of the Republic of Srpska”, number 28/11 and 39/11), till establishing the Operator of incentives system, the Government of the Republic of Srpska shall authorise Joint Holding Elektroprivreda Republike Srpske J.S.C. Trebinje to execute the administrative, financial and other operational activities of the system for incentives for electricity generation from renewable sources and in efficient cogeneration.] 

According to this Law, the Guarantee on electricity origin is issued by the Regulatory Commission at request of the producer that sells the electricity generated from renewable energy sources on the market, and has no right to mandatory purchase at guaranteed purchase price or premium. The guarantee on origin is issued only once for unit amount of 1 MWh of generated electricity. The guarantee of origin can be used within one year from the date of issuance, and after use or the expiry, the guarantee of origin shall be cancelled.
The producer of electricity from renewable energy sources and in efficient cogeneration can acquire the following incentives:
· privileges when connecting to the network,
· advantages to network access, 
· right to mandatory purchase of electricity,
· right to guaranteed purchase price (feed-in tariff) and 
· right to premium for its own consumption or sale on the market of RS.
The producer of electricity can not achieve the right to mandatory purchase at guaranteed purchase price and the right to premium for the same amount of electricity. The two mentioned incentives are reduced if the producer of electricity received the state aid (every direct or indirect aid concerning allowances in money, material and equipment, subsidies and tax exemptions) during the investment period.  
According to the Law, the producer of electricity that generates electricity in solar power plants with photovoltaic cells with power of up to and including 1 MW can get the right to incentive, if installed capacity of the  generation facility do not exceed the amounts for incentives defined by Action plan and if it owns the Certificate for generation facility. 
Operator of incentives system is obliged to provide the producer entitled to mandatory purchase of electricity at guaranteed purchase price, the preference in access to the network in accordance with the reported daily schedule. Producer of electricity from renewable sources entitled to mandatory purchase and guaranteed purchase price of electricity generated in the facilities with the power of less than 500 kW does not report the daily schedule and does not bear the costs of balancing, but in the case when the power is higher than 500 kW, the producer is obliged to report the daily schedule to Operator of incentives system and to bear 25% of balancing costs. Producer of electricity who sells electricity on the market and who is entitled to premium has to provide its own access to the network and shall bear the costs of balancing. 
If the producer meets the criteria for the incentive right then it is also entitled to mandatory purchase of electricity in whole or partially at the guaranteed purchase price (feed-in tariff) or to premium if it uses the electricity for own needs or sells it on the market of the Republic of Srpska, in the period of 15 years. The mentioned right is achieved in accordance with the decision reached by Regulatory Commission at the producer’s request. Guaranteed price and premium are determined pursuant to methodology established by the Regulatory Commission with the Government consent. It is important to emphasise that the Regulatory Commission, at least once a year, shall control the level of guaranteed purchase prices and premiums for the coming period and makes changes as necessary. At the conclusion of the contract on mandatory purchase at guaranteed purchase prices, the prices are applied pursuant to the decision that is in effect at the time of conclusion of the contract and remain unchanged during the term of the contract.
The producer can get the preliminary right to incentive of mandatory purchase at the guaranteed purchase price or right to premium during facility construction if it meets the criteria for the incentive right. In that case, the producer of electricity, with the request for the preliminary right, is obliged to enclose the following documents:
· feasibility study,
· evidence on project entry into project register, 
· approval for construction issued by the authorised institution pursuant to the regulations concerning construction and
· evidence that construction of generation facility is in progress.
The Regulatory Commission reaches the decision on preliminary incentive right for the period not longer than three years starting from the day of the reaching the decision. Pursuant to this decision, the producer of electricity concludes the contract or preliminary contract on incentives with Operator of system. Producers of electricity in the facilities with power higher than 250 kW are obliged, before signing the preliminary contracts, to deposit the money or deliver the bank guarantee to the Operator of incentives system in the amount of 2% of total value of the investment. 
Funds for incentives of generation of electricity from renewable energy sources are provided from the fee for incentive of generation of electricity from renewable sources and efficient cogeneration. The final buyer of electricity in the Republic of Srpska is obliged to pay the fee for the incentive of generation of electricity from renewable sources and efficient cogeneration as an addition on the price of electricity. The Regulatory Commission determines the amount of this fee with the Government consent.
The Government can introduce the other incentive measures, but only for the purpose of fulfilment of obligations prescribed by the Action plan: 
· subsidies and other benefits for domestic generation and supply of equipment used for needs of heating and cooling by use of renewable energy sources (for example, solar collectors for preparation of hot water),
· creation of the local market of heat energy generated from renewable energy sources by introducing the register of guarantee of the origin of thermal energy,
· introduction of obligation to larger consumers of thermal energy (industrial and city’s district heating plants) that a part of needed thermal energy must come from renewable energy sources and
· other incentive measures.
The producer of electricity that meets the criteria for the incentive rights and that is connected to the distribution network is entitled to mandatory purchase of electricity by Operator of distribution system at the price that is equal to the price established for covering of distribution loss on the network during trial operation, no longer than 60 days after obtaining the Approval for use. 
The final buyer whose building is connected to the network of voltage level of 0.4 kV, with connected power that corresponds to the main installation fuse up to 63 A, and who secures the electricity for own needs from own generation from generation facilities that use renewable energy sources with installed power up to 44 kW, can perform takeover of electricity from the distribution network by the principle of "net metering" after obtaining the decision from the Regulatory Commission. Net balance of bidirectional counter of active electricity is the base for calculation, and payment and settlement between contractual parties for taken, that is, delivered electricity. In the case when meter reading of active electricity in the calculation period shows that the final buyer took over more electricity than it delivered to the grid, the final buyer pays the difference between taken and delivered electricity in accordance with the stipulated price for supply. In the case when mentioned reading shows that the final buyer delivered more electricity to the grid than it took, the difference between taken and delivered electricity is transferred into the next calculation period on behalf of the final buyer.  
The Law regulates the construction of energy plants. The construction of the energy plants that use renewable energy sources is performed pursuant to the regulations regulating the construction and environmental protection, with prior concession awarded pursuant to the regulations according to which the field of concessions is regulated or pursuant to regulations according to which other forms of public-private-partnership are regulated when it is prescribed by the special regulation for specific energy activity. It should be noted that, pursuant to this Law, the construction of energy plants that use renewable energy sources, except solar the solar plants with photovoltaic cells on the buildings and facilities of installed power of up to and including 250 kW that use all kinds of renewable energy sources, is performed in accordance with the regulations prescribed for the field of construction and environmental protection, with prior concession awarded pursuant to regulations prescribed  for the field of concessions or pursuant to the other regulations according to which other forms of public-private-partnership are regulated when it is prescribed by the regulation for specific energy activity
The Law prescribes the Register of projects that is established and kept by the competent Ministry. Legal entity or citizen that constructs power plant is obliged to report the design to Ministry within 30 days from the day of obtaining the Approval for construction, that is, concluding the contract on concession or contract on public-private-partnership. Register of projects contains data on owner and design, plant that also includes data on location and type of plant, technical and technological characteristics and conditions of use depending on applied technology, installed power of plant for generation of electricity and thermal energy and planned production, incentives it has, and other data taken from concluded preliminary contracts and contracts on incentive.  
According to this Law, the adoption of relevant by-laws is provided, and they have been already mentioned and they have their legal base in this Law. They are shown in the following table. However, until these by-laws are adopted, the present by-laws shall stay in effect. 
[bookmark: _Toc383179883][bookmark: _Toc393012994]Table 19. By-laws provided by the Law on Renewable Energy Sources and Efficient Cogeneration (Official Gazette of RS, number 39/13)
	No.
	Legal base
	Name
	Adoption deadline 
	Authority 

	1.
	Article 10 (1)
	Action plan of the Republic of Srpska for the use of renewable energy sources
	3 months
(August 2013)
	RS Government

	2.
	Article 31 (3)
	Decision that shall establish the issues concerning status and organization of Operator of incentives system
	3 months 
(August 2013)
	RS Government

	3.
	Article 33
	Decision on types, content, quality and share of bio-fuels in transport
	6 months 
(November 2013)
	RS Government

	4.
	Article 40 (2)
	Guidelines on keeping the Register on projects concerning renewable energy sources and efficient cogeneration
	4 months (September 2013)
	Ministry of Industry, Energy and Mining

	5.
	Article 9 (2)
	Rulebook on Issuance of Certificates for Generation Facility which Generates Electricity from Renewable Energy Sources or in Efficient Cogeneration
	6 months (November 2013)
	Regulatory Commission

	6.
	Article 17 (5)
	Rulebook on Guarantees of Origin for Electricity Generated from Renewable Energy Sources
	6 months 
(November 2013)
	Regulatory Commission

	7.
	Article 29
	Rulebook on Incentives for Generation of Electricity from Renewable Sources and in Efficient Cogeneration
	6 months 
(November 2013)
	Regulatory Commission

	8.
	Article 14 (2)
	Rules of activity
	4 months (September 2013)
	Operator of the system


It is important to emphasise that the by-laws framework for fees and amounts of the incentive measures shall not be analysed in this chapter, because these mentioned by-laws shall be used in the chapters dealing with the analyses of the market and economical financial analysis. 

Rulebook on Incentives for Generation of Electricity from Renewable Sources and in Efficient Cogeneration ("Official Gazette of RS", number 128/11 and 53/12)
This Rulebook prescribes as follows: category of the incentives for electricity generation from renewable energy sources and in efficient cogeneration; criteria, conditions and procedures for exercising the right to the incentive; operational implementation of the incentive system; methodology for determination of the guaranteed purchase price of electricity, reference price and premium; method of determination of the amount of the funds needed for functioning of the system for incentives	 for generation of electricity from renewable sources and in efficient cogeneration and method of calculation of the fee for providing such funds.	
This Rulebook is used in the proceedings related to deciding on applications of producers for determination of the rights to incentives for generation of electricity from renewable sources and efficient cogeneration, as well as when determining guaranteed purchase price and premium and total and unit fee for providing funds required for functioning of the system of incentives for generation of electricity from renewable sources and in efficient cogeneration.	
In order to be granted the right to benefits when connecting to the grid, producer/investor submits evidences that it plans the construction of the generation facility which meets requirements needed for the incentive right at the time of submission of the application for issuance of the electricity consent to the system operator[footnoteRef:26]. System operator obtains from the System operator for incentives (SOI) the certificate for the capacity proving that, at the moment of submission of the application, the total capacities of the connected generation facilities which uses renewable sources and/or efficient cogeneration and for which the granted right for incentives does not exceed the amounts for incentives as defined by the Law[footnoteRef:27].  [26:  See Analysis of the Law on Renewable Energy Sources and Efficient Cogeneration (Official Gazette of RS, number 39/13)]  [27:  Law on Renewable Energy Sources and Efficient Cogeneration (Official Gazette of RS, number 39/13)] 

If the above mentioned requirements are met, Transport system operator grants to the producer/investor benefits when connecting, pursuant to the appropriate regulations and connects the generation facility to its network. The facility which the incentive was granted, the producer is obliged, at the request of the system operator, to submit the Certificate within the deadline prescribed pursuant to the planned period of connecting referred to in the electricity consent or contract on connection. The producer that was granted the right to benefits when connecting, but hasn’t submitted the Certificate within the deadline, is obliged to reimburse the system operator for the costs incurred while providing benefits when connecting to the network. 
Distribution system operator is obliged to submit the following to each new producer using renewable energy sources or efficient cogeneration and who asks for connection to the distribution network:	 
· a detailed analysis of possibilities and conditions for connection, technical solution of necessary modifications on the existing network for the purposes of providing conditions  for connection of the facility, as well as the estimate of costs of connecting of the facility to the distribution network; and 
· a reasonable and precise time frame for the realization of the proposed method of connection, in which it is obliged to issue the electricity consent pursuant to the provisions of the Law on General Administrative Proceeding;
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Distribution system operator develops at its own expense the mentioned analysis if producer/investor submits evidence on plans for construction of the generation facility for generation of electricity using renewable energy sources in a cost‐effective way and complying with protection of environment.

Producer bears the real costs of non‐standard connection to the distribution network to the point of connection and real costs of required modifications at the existing network pursuant to the provisions of the Rulebook on Methodology for Determination of Connection Fees to the Distribution Network[footnoteRef:28]. [28:  Rulebook on Methodology for Determination of Connection Fees to the Distribution Network with the Request form ("Official Gazette of RS", number 123/08)] 


Rulebook on Issuance of Certificates for Generation Facility which Generates Electricity from Renewable Energy Sources or in Efficient Cogeneration ("Official Gazette of RS", number 25/11)
This Rulebook prescribes the content of the certificate, procedures and criteria under which the producer of electricity in the generation facility using renewable energy sources in the cost-efficient manner with protection of environment or in efficient cogeneration facility can obtain the Certificate for its generation facility.
According to the provisions of this Rulebook, producer of electricity may obtain the Certificate for generation facility which uses renewable energy source or cogeneration facility under following conditions:
· it shall own the license for generation of electricity in that generation facility or has met the conditions and submitted an application for issuance of that license, provided that such generation facility has prescribed the obligation to own a license,	
· generation facility shall meet the requirements related to protection of environment pursuant to the Law on Protection of Environment and other regulations within the scope of the protection of environment,
· it shall own water management documents obtained pursuant to the regulations on protection and use of water,
· it shall possess the approval for using generation facility pursuant to the regulations on spatial planning,
· it has made legal unbundling of electricity generation activity from the activities of the system operator of the network which its generation facility is connected to,
· there shall be metering devices installed in the generation facility, with the characteristics adjusted to the regulations concerning metering and to the declaration containing data on the value being measured, manufacturer of the device, serial number, metering range, year of mounting, gauging and calibration and place of installation, providing:	
1) metering and registration of the generated electricity which is delivered to the electricity grid (net generated electricity),
2) metering and registration of the electricity generated at the producer terminals (gross generated electricity),
3) metering and registration of electricity consumed for own consumption exclusively for the needs of operation of the generation facility,
4) metering and registration of electricity consumed in own facilities for other purposes,
5) metering and registration of the primary energy used, as well as all energy items which are necessary for the calculation of the savings of the cogeneration facility,
· it shall have the contract on connection to the distribution network and declaration on connection to the distribution network, namely the contract on connection and approval for connection to the transmission network, for newly‐constructed generation facility, if connected to the electricity network, 
· it shall meet technical and organizational requirements for effective and safe work pursuant to the technical regulations.

It is important to emphasise that the public is involved into the procedure of issuance of the certificate. Having confirmed that the application is complete, the Regulatory Commission shall inform the applicant and publish a notice for the public in at least one daily newspaper which is available on the whole territory of the Republic of Srpska, at the notice board and on the website of Regulatory Commission. Notice for the public shall contain the summary of the application for issuance of certificate, the method how interested parties may obtain additional information, place and method of making documents available, method and deadline for submission of comments on the application in writing and information related to obtaining a status of intervener. Regulatory Commission decides on the type, number and place of public hearings, analysing received comments, possible applications for obtaining a status of intervener and evidences supporting such application and other information on possible disputable issues pursuant to the Rulebook on public hearings and settlement of disputes and complaints. If criteria for issuance of certificates for generation facility are met, Regulatory Commission in its regular session shall make the final decision on granting certificates in the form of a decision, which integral part shall be the certificate for generation facility. Decision on the certificate issuance for generation facility shall be submitted to the applicant and intervener. Decision on issuance of certificates for generation facility shall contain:
· details about the producer,
· details about the generation facility,
· details about the energy source,
· certificate registration number,
· effective date and validity period.
Rulebook on Issuance of Licences ("Official Gazette of RS", number  39/10 and 65/13)
Before starting with energy activity, any legal entity or physical person is obliged to obtain the license for doing energy activity pursuant to the law which regulates doing a certain energy activity and this Rulebook. Legal entity or physical person is obliged to obtain the license for construction of the electricity facility by Regulatory Commission before starting construction or large‐scale reconstruction. 
In the electricity sector, the Regulatory Commission issues the following licenses: 
· License for generation of electricity in hydroelectric power plants, thermal power plants, thermal power plants with integrated mines and other plants with the capacity of more than 1 MW (validity period up to 30 years),
· License for distribution of electricity, for the purposes of delivery of electricity at the middle‐voltage and low‐voltage network to the customers of electricity (validity period up to 30 years),
· License for supply of the tariff customers with electricity (validity period up to 5 years), 
· License for trade and supply of electricity on the territory of Bosnia and Herzegovina (validity period up to 5 years), 
· License for construction of electricity facility, with the capacity of more than 1MW (validity period up to 6 years).

The application for the license issuance shall be submitted in a form prescribed by the Regulatory Commission, and its integral part shall be a list of necessary documents available in the premises and on the website of the Regulatory Commission.

In this procedure, as well as in the procedure for issuance of certificates for generation facility, the public is also involved and the public hearings shall be held according to the same methodology as already explained for granting the certificates. Final decision on the license issuance is made by the Regulatory Commission in the regular session as a Decision, and its integral part shall be the issued license and the license requirements. The licence shall be effective on the day determined by the Decision on licence issuance. Decision on the license issuance shall be delivered to the applicant and intervener, and it shall be published on the notice board and website of Regulatory Commission. Decision Rationale on the license issuance shall be published in the "Official Gazette of the Republic of Srpska".
[bookmark: _Toc383179073][bookmark: _Toc393011790]Institutional framework of Republic of Serbia
Institutional framework in Republic of Serbia is not so complex and complicated like the one in B&H. The following table contains the main institutional participants that are involved in the electricity market.
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Table 20. Major participants in the electricity sector in the Republic of Serbia
	ENERGY  POLICY

	Ministry of Energy, Development and Environmental Protection of the Republic of Serbia 
	Ministry of Energy, Development and Environmental Protection of the Republic of Serbia is divided into several sectors. The Department of Energy Efficiency and Renewable Energy Sources performs duties related to the energy industry of the Republic of Serbia at the system level, the strategic planning and harmonization of the energy sector at national and local levels, preparation of the Energy Balance of the Republic of Serbia, municipal energy, rational use of energy and energy efficiency, renewable energy sources, environmental protection and climate change in the area of energy, international cooperation and other activities within the scope of the Department. This Department contains several sections, and among them there is Section for Renewable Energy Sources, which implements the activities related to: creation of regulatory requirements and incentives for greater use of renewable energy sources (hereinafter: RES) in the production of electricity and heat as well as greater use of bio-fuels in transport; preparation and implementation of programs and monitoring the effects of measures for increased use of RES; issuing licences and decisions on the status of privileged producer of electricity for facilities that use RES; implementation of projects aimed at greater use of RES and providing information to potential investors; participation in international cooperation in the field of RES; normative-legal and administrative activities related to the activities of the Section and other activities within the scope of the Section.

	Ministry of  Natural Resources, Mining and Spatial Planning of the Republic of Serbia 
	The Ministry implements the activities of state administration related to spatial planning as well, that is organization, planning and use of space in Republic of Serbia, as well as other activities set forth by the law: activities related to sustainable development of natural resources (air, water, soil, mineral ores, forests, fish, wild  plant and animal species), system of protection of natural resources, strategy and policy of natural resources development, researches related to exploitation of natural resources, making the program of research works in the field of natural resources, making the annual and mid-term programs of detailed research works in the scope of natural resources and providing material and other conditions for realization of these programs, inspection supervision in the scope of sustainable use of natural resources and in the other fields set forth by the law, creating the balances of ground water reserves, normative and standards for creating geology maps, providing material and other conditions for realization of these programs, as well as other activities set forth by the law. 

	REGULATION

	Energy Agency of The Republic of Serbia 
	The Energy  Agency was established in accordance with the Energy Law as a regulatory authority with competences covering electricity, natural gas, oil and oil products, and thermal energy produced by the power plants - district heating plants. By executing tasks assigned to it by the Energy Law, the Agency contributes to creation of a stable regulatory framework for the development of an efficient and sustainable energy sector that will be a strong backbone of the country’s economic development. The Agency is a legal entity that is functionally independent of any state authority, energy entity or users of its products and services, and of any other legal or physical entity. The Agency carries out the following tasks: price regulation, licensing of energy entities to conduct energy activities, deciding appeals, energy market supervision, and international agreement implementation.

	TRANSMISSION

	Public Company Elektromreža Srbije (Electricity networks of Serbia)
	In charge of safe and reliable transmission of electricity, efficient management of transmission systems connected to electricity systems of other countries, optimal and sustainable development of transmission system in order to meet the users' needs, as well as society's needs in general, providing electricity market functioning  and development in Serbia and its integration into regional and European electricity market.
Management of transmission system includes plan activities related to contracting  system services, creating plans for turning the users off, creating the work plans for electricity systems, making the safety model and analysis, calculation of cross border transmission capacities, prediction of consumption and losses.

	DISTRIBUTION

	Public Company „Elektroprivreda Srbije” Beograd – JP EPS
	JP EPS is vertically organized company, which founded 13 companies and three public companies in Kosovo and Metohija. The scope of EPS activities is production of electricity, distribution of electricity and management of distribution system, electricity trade, coal production, processing and transport, production of steam and hot water in combined processes, as well as use of waters. EPS activities also cover research and development, designing, construction and maintenance of energy and mine facilities, designing, construction and exploitation of telecommunication facilities and engineering.
Activity of electricity distribution is done by five companies:
· "Elektrovojvodina", Ltd. Novi Sad
· "Elektrodistribucija Beograd", Ltd. Beograd
· "Elektrosrbija", Ltd. Kraljevo
· "Centar", Ltd. Kragujevac
· "Jugoistok", Ltd. Niš


[bookmark: _Toc383179074][bookmark: _Toc393011791]Legal Framework in the Republic of Serbia
In order to construct and use any facility in Serbia it is necessary to meet the following requirements:
1. obtaining energy permit;  
2. obtaining location permit; 
3. obtaining construction permit; 
4. construction of the facility and 
5. technical supervision of the facility and obtaining the use permit.
In the procedure of obtaining the construction permit, there is no need to make Environmental Impact Assessment Study for solar plants, unless the facility is constructed in the protected natural resource and restricted  environment of immobile cultural heritage, as well as in other areas of special purpose, when it is possible to ask for Environmental Impact Assessment Study. 
Pursuant to the Law On Planning and Construction ("Official Gazette of the Republic of Serbia", number 72/09, 81/09, 24/11 and 121/12) solar collectors and solar cells are considered to be the cases for which construction license shall not be not issued. Considering the solar collectors, pursuant to the Article 144 of the above mentioned Law, it is about simple facilities for which it is not necessary to obtain documents issued by the authority in charge of construction (location permits and construction permits). They are the facilities constructed on the same cadastre plot on which the main facility was constructed, in a manner which does not disturb the appearance of the facilities, nearby facilities and pedestrian lanes. Pursuant to the Article 145 of this Law, when the ancillary or commercial buildings are constructed, as well as installation of solar collectors and solar cells, it is not necessary to obtain the construction license, but only the Decision for implementation of construction works. If the photovoltaic systems are constructed as being integrated or added to the cover layer of buildings (roofs and  façades), it is recommended by Ministry of Energy, Development and Environmental Protection to act pursuant to the Law on Planning and Construction.
With the written request for implementation of works, it is necessary to submit:
· certificate of property rights, 
· preliminary, or the main design, 
· information on location for the auxiliary building,
· evidence of payment of the fee for communal land planned for construction of these buildings
Having finished the installation of solar collectors and solar cells, acting by the request of the investors, the supervisory authority may issue the Certificate of Occupancy. If for the building in question, that is for implementation of works, certificate of occupancy was issued at the request of the investor, the basis for entry into public book represents legally valid and efficient decision which grants the implementation of works and legally–binding decision on certificate of occupancy. 
The Law on Public Private Partnership and Concessions ("Official Gazette RS", number 88/11)
The Law on Public Private Partnership and Concessions establishes that even concession can grant right to commercial use of natural resource of solar energy. The procedure of obtaining concession is stipulated in detail by the Law on Public Private Partnership and Concessions. In some elements of the procedure, the Law on Public Procurement must be consulted. Legal base for the concession is agreement on concession. The Law on Public Private Partnership and Concessions defines concession grants procedure, deadline for submitting of the offers (at least 60 days), confidentiality and data protection considering the submitted offer, and similar. The procedure of concession granting is shown in the image below: 
	
	
Proposal for giving concessions
Proposal for adopting concession act
Concession Act
Public bidding
Report of the Comission on conducting public bidding procedure
Decision on appointing the concessionaire
Concession Agreement
Establishing the Concession company
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Concession can be given for five years minimum, or fifty years maximum, unless some other law prescribes this differently. Concession agreement defines rights and obligations of the state as the concedent (concession grantor) and concession beneficiary (concessionaire). The agreement establishes the time, place and manner of concession use, as well as payment of concession fee. Concession agreement is concluded between the authority of local administration unit in the name and on behalf of the local administration unit, with the previous written approval given by the Government, pursuant to the Law on Concessions and Concession Act.
Concessionaire, and the concedent are obliged to pay concession compensation in the amount and in a manner defined by public agreement on concession, unless concession compensation payment is not economically feasible. Concession payment is settled depending on the type of natural resource, scope of activity, concession deadline, business risk and expected profit, equipment and area taken into general use that is public property.
Law on Energy ("Official Gazette of RS", number 57/11, 80/11, 93/12 and 124/12)
This Law regulates the following: energy policy objectives and the method  of its implementation, conditions for reliable, secure and quality energy and energy-generating products supply, conditions for safe supply to the customers, conditions for construction of new energy facilities, conditions and manner of implementation of energy related activities, the way of  organization and functioning of electricity and natural gas market, rights and obligations of the market participants, energy customers’ protection, manner, conditions and incentives for energy production based on renewable energy sources and combined generation of electricity and thermal energy; rights and obligations of governmental authorities, position, way of financing, business activities, and other issues of importance for the Energy Agency of the Republic of Serbia.
Pursuant to this law, energy activity (including production as well as transfer, distribution and supply of electricity) can be done by a public company, company, and/or other legal entity or entrepreneur registered into the proper registry and which has a permit for performing energy activities.
Energy entity can begin performing energy activity after obtaining the permit issued by the Energy Agency of the Republic of Serbia. The permit is an administrative act on meeting the requirements prescribed by the Law on Energy and Rulebook on Requirements related to Professional Staff and Manner of Issuing and Revoking the License for Carrying out Energy Related Activities ("Official Gazette RS", number 117/05, 40/06, 44/06 and 44/10). Considering the solar power plants, it is the only legal act granting them the right to perform energy related activities. The permit is issued to energy entity for energy facility for which a certificate of occupation was issued. The permit for electricity production is issued for the period of 30 years. 
It is important to note that permit is required neither for electricity generation in exclusively private needs, nor electricity generation in facilities with total approved connection power up to 1 MW.
Law on Energy also prescribes issuing of the energy permit for energy facilities constructed in concordance with the law regulating the conditions and manner of spatial planning, planning and use of construction land and construction of buildings, technical and other regulations. Energy permit is submitted with the request for issuing the construction permit. 
It is also important to notice that, related to solar energy, the energy permit is requested for construction of facilities of total power of 1 MW or more and facilities for electricity transmission and distribution of electricity with the voltage of 110 kV or more. For electricity generation facilities up to 1 MW, there is no need to have energy permit, which means that for such facilities construction permit is issued without the procedure for energy permit issuing. Energy permit is issued by the Ministry in charge of energy.
The same Law regulates a guarantee of origin as well. A guarantee of origin is a document having exclusively the function to prove to the end user that the given share or energy quantity was generated from renewable sources of energy, as well as from combined production of electricity and thermal power with high level of use of primary energy. 
A guarantee of origin is issued by the transmission system operator at the request made by: 
1. producers of electricity from renewable energy sources, 
2. producers of heating and cooling energy from renewable energy sources, and
3. producers of electricity and heat from combined generation with high level of use of primary energy, based on data from the operator to whose system the producer's facility is connected, public supplier and statement of the applicant on use of investment support.
The guarantee on origin is issued for unit amount of 1 MWh of generated electricity. The guarantee of origin shall not be issued more than once in the given period for the same quantity of produced energy. The guarantee of origin shall be a document in electronic form, validity period shall be one year from the issue date, and is a transferable document.
The Law on Energy establishes the category of privileged electricity producers. Energy entities, in accordance with this law, may acquire the status of privileged electricity producers upon meeting the following requirements:
1. using renewable energy sources in the process of electricity generation in an individual power plant, excluding the hydroelectricity plants with the installed power which exceeds 30MW; 
2. simultaneously generating electricity and heat in an individual cogeneration plant with high level of utilization of primary energy in an individual production facility with the installed power of up to 10MW. 
3. being connected to an electricity transmission system, that is, electricity distribution system; 
4. having a special metering point separated from the metering points at which the quantity of electricity produced in other technological processes is metered; 
5. concluded agreement on the sale of electricity or heat (for combined heat and electricity generation plants) unless they use the heat for own needs; 
6. in regards to power plants using wind and solar energy, the installed power is lower than the available capacity, that is, provided the request to acquire the status of privileged producer was filed for the part of installed power which is lower than or equal to available capacity. 
The status of privileged producer is determined by the Ministry's decision, which shall be adopted within 30 days from the day of filing the request, provided that all conditions stipulated by the Law on Energy and its by-laws have been met. 
However, before acquiring the status of a privileged producer, an energy entity that uses solar and wind energy may be granted, by the Ministry’s decision, the temporary status of a privileged producer, if it obtained the construction permit, meets the requirements referred to in Items 1, 2 and 6 of this article, and provided it had obtained a monetary deposit or bank guarantee amounting to 2% of value of the investment. Temporary status of a privileged producer that uses solar energy can last up to one year from the date of granting this temporary status. If an energy entity did not acquire the status of a privileged producer in time, it can file a request for extension of the temporary status for one year at the longest if it provides evidence of having filed a complete request for technical inspection of the facility. If the energy entity acquires the status of privileged producer, it shall be entitled to incentive measures that were valid on the day of adoption of the decision determining the temporary status of a privileged producer.
Privileged producer of electricity, in accordance with the Law on Energy, are entitled to incentive measures such as:
1. incentive measures such as: obligation to purchase electricity from a privileged producer and feed in tariffs for purchasing this energy and the period of validity to purchase electricity; 
2. priority in feeding the total produced electricity into a transmission or distribution system; 
3. other rights in accordance with the Law on Energy and its by-laws, as well as with other laws and regulations on taxes, customs and other duties, or subsides and other incentive measures, environment protection and energy efficiency.
The law also regulates the incentive measures for use of renewable sources in electricity generation. The above mentioned measures include the following: obligation to purchase electricity from a privileged producer, price for purchasing that energy, and the period of validity of obligation to purchase electricity and taking over balance liability. Public supplier shall be obliged to purchase electricity from a privileged producer based on the agreement on purchase of electricity. At the request of an energy entity that acquired the temporary status of privileged producer, public supplier shall be under the obligation to conclude preliminary agreement on purchase of electricity within 30 days from the request. In case that energy entity does not acquire the status of a privileged producer, the public supplier shall not be obliged to conclude the agreement on purchase of electricity from a privileged producer in accordance with the preliminary agreement.
According to the Law, incentive funds are provided by end users paying special incentive fee paid together with the bill for access to transmission, or the distribution system, and is calculated separately.
Upon the proposal of the Ministry, no later than the end of December of the current year for the year to come, the Government shall adopt the amount of the incentive fee that shall be published in the "Official Gazette of RS".
The Law on Energy also treats transmission, transport and distribution system. The building of the customer or electricity producer shall be connected to the transmission, transport or distribution system on the base of approval made by the authorised system operator. Approval for facility connection shall be issued by a decision in administrative procedure at the request of legal or physical entity whose facility is to be connected. The authorised system operator is obliged to decide about the request for building connection of the customer within 30 days from the receipt of written request, that is in case of the request for facility connection of the producer within 60 days from the day of receipt of the written request.
According to the Law on Energy, the approval for connection of the facility to the transmission, transport or distribution system includes in particular: 
· connection point, 
· method and technical requirements for the connection, 
· approved power or capacity, 
· location and method of metering of the supplied energy, 
· connection deadline, and 
· connection costs.
The amount of the costs of connection shall be determined by the transmission operator, and/or the transmission and distribution system operator, in accordance with the Methodology[footnoteRef:29] for determining the cost of connection adopted by the Energy Agency. The Methodology shall determine the method and more detailed criteria for calculation of the connection costs, depending on the approved installed power, the connection point, and the need for works execution or the need for necessary equipment installation or other objective criteria. The system operator, pursuant to the Methodology, shall adopt its own act on the amount of connection costs, which is to be delivered to the Energy Agency before the start of its implementation and it must be harmonized with the above mentioned methodology. [29:  Decision on Establishing the Methodology for Criteria and Manner of Setting Costs of Connection to the Electricity Transmission and Distribution System ("Official Gazette of RS", number 60/06, 79/06 and 114/06).] 

The system operator shall connect the electricity producer's facility to the transmission, transport or distribution system no later than 15 days after the following requirements have been met:
1. terms and conditions from the connection approval document;
2. the permit for the facility use has been obtained or the devices and installations of the producer's facility meet the technical specifications and other prescribed criteria;
3. the balance responsibility and access to the system have been arranged for the point of takeover.
Connection of the producer's electricity facility means that the connection  shall become a part of the system to which it is connected.
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Image 65. Procedure for granting the incentive rights in the Republic of Serbia
Rulebook for issuing energy permits, the content of the application and the way of issuing an energy permit (Official Gazette of RS, number 23/06, 113/08 and 50/11)
This Rulebook regulates in detail the criteria for energy permit issuance, content of the application and method of issuing energy permit as well as registry content of issued energy permits and permits with expired validity period. Criteria for issuing the energy permit are defined according to the type of energy facility for which construction this energy permit is to be issued: energy production capacities or other energy facilities. Electricity production facilities of total installed power over 1MW are considered to be energy production facilities.

The application for energy permit issuance contains the following data: 
1. data on the applicant; 
2. data on the energy facility; 
3. data on the investment value;
4. data on the method of providing financial resources; 
5. data on the estimated operational lifespan of the facility, as well as the method of rehabilitation of the location following the end of the facility’s operational lifespan; 
6. data on adjustment to spatial plans in accordance with the law governing the conditions and manner of use of space, arrangement and use of construction land and construction of facilities;
7. data on the deadline for completion of the energy facility construction.
Depending on the power of the power plant, an application for energy permit issuance for construction of the energy facility for generating electricity, namely for power of 1 MW to 10 MW - Form O-1, or for power over 10 MW –form O2 should be submitted.
Energy permit shall be issued for the period of three years, within thirty days of the application submission. The permit can be extended at the request of the energy permit holder.
Rulebook on Requirements Regarding Professional Staff and Terms of Issuing and Revoking of Energy Activities Licences (Official Gazette of RS, number 117/05, 40/06, 44/06 i 44/10) 
In this Rulebook there are more detailed guidelines for issuing the permit for performing energy-related activities for production of electricity. The permit shall be issued in the following cases: 
1. if the applicant is registered for performing energy activity for which the licence is issued 
2. if the energy facility is awarded the occupancy permit; 
3. if energy facilities and other devices, installations or plants necessary for performing the energy activity meet the conditions and requirements defined by technical regulations, regulations on energy efficiency, regulations on fire  and explosion protection, as well as regulations on environmental protection; 
4. if the applicant meets the prescribed conditions regarding professional personnel for performing technical management, operation and maintenance of energy facilities, and/or conditions regarding the number and professional expertise of employees for energy facilities maintenance jobs, as well as jobs of the operators of these facilities; 
5. if the applicant has financial sources necessary for performing the energy activity; 
6. if the manager, and/or members of the management boards have not been lawfully convicted for criminal offences regarding performance of business activity; 
7. if the applicant is not banned from performing the activity, or if the legal consequences of the sentence have ceased; 
8. if the applicant owns the evidence on legal basis of the usage of energy facility where the energy activity is performed; 
9. if the process of insolvency and liquidation has not been initiated against the applicant.
In order for the permit to be issued, a certain fee shall be paid to the Agency. During the permit validity period, an annual fee for the permit shall be paid to the Agency. In case the permit holder ceases to meet the conditions prescribed for granting the permit, or any other regulations related to performing energy-related activities, the permit may be temporarily or permanently revoked.
Decree on Conditions and Procedure for Obtaining the Status of a Privileged Electricity Producer (Official Gazette of RS, number 8/2013)
The Law on Energy establishes the procedure of application for obtaining the status of a privileged  producer, as well as Government’s obligation to adopt acts on conditions for obtaining the status of a privileged electricity producer and incentive measures for electricity production from renewable sources.
At the beginning of 2013, the following decrees issued by the Government came into effect: 
1. Decree on Conditions and Procedure for Obtaining the Status of a Privileged Electricity Producer (Official Gazette of RS, number 8/2013)
2. Decree on Incentive Measures for Privileged Electricity Producers (Official Gazette of RS, number 8/2013)
3. Decree on Methods of Calculation and Allocation of Funds Collected for Purpose of Incentive Remuneration for Privileged Electricity Producers (Official Gazette of RS, number 8/2013)
4. Decree on Amount of Special Fee for Incentives in 2013 (Official Gazette of RS, number 8/2013)
In this chapter we shall not analyse the last two decrees, as these ones are related to incentive prices and fees and as such they are treated in the chapter dealing with market analysis and costs for construction of PV and TS systems.
Decree on Conditions and Procedure for Obtaining the Status of a Privileged Electricity Producer prescribes conditions and procedure for obtaining the status of a privileged electricity producer, the content of the application for obtaining the status of a privileged electricity producer, evidence of meeting the conditions for obtaining the status of a privileged electricity producer, minimal degree of use of primary energy in plants with combined production depending on the type of basic fuel and installed power, maximal total installed power of wind power plants and solar power plants for which the privileged status may be obtained, or temporary privileged status of electricity producer, obligations of the privileged producer and manner of control of meeting the prescribed conditions and obligations, as well as the content and manner of keeping the Registry of privileged electricity producers.
Pursuant to this Decree, the status of a privileged producer may be obtained by legal entities as well as entrepreneurs that perform energy activity of production of electricity in solar power plants, and/or power plant using solar energy. When solar power plants are considered, there is a prescribed limit of maximal total installed power for power plants of 10 MW (plants that can obtain the status of a privileged producer, or the temporary status of privileged producer). This limit is set according to the types of solar power plants in the following way:
1. total of 2 MW for power plants on buildings of individual power of up to 30 kW; 
2. total of 2 MW for power plants on buildings of individual power from 30 kW to 500 kW; and 
3. total of 6 MW for power plants on the ground level. 
This decree  prescribes that, due to dynamic change of investment costs into solar power plants, maximal total installed power of these power plants shall be established once a year.
Temporary status of privileged producer, or the status of privileged producer may be obtained for solar power plants if the available capacity (difference between maximal power for which incentive measures are established and sum of the installed powers for the same type of power plants of energy entities which obtained the temporary status of privileged producers) on the day of application submission, is higher or equal to installed power of the power plant for which the application is being submitted. If there is not enough available capacity for obtaining these statuses, they may be obtained only for the part of the installed power of solar power plant  which is equal to the available capacity.
This Decree also prescribes the manner in which the application for obtaining the status of privileged producer is submitted to the Ministry of Energy, Development and Environmental Protection. With this application, the applicant must enclose evidence on meeting the requirements for obtaining the status, namely:

1. copy of the licence for performing activity of generating electricity, if the power plant has installed power higher or equal to 1 MW; 
2. copy of the agreement on performing activity of generating electricity in power plant which is the subject of the application between the licence holder and the applicant, unless the applicant is the licence holder for performing activity of generating electricity;
3. occupancy permit for power plant which is the subject of the application;
4. copy of the act of connection to transmission or the distribution system, with the certificate issued by the relevant operator that the metering point of the power plant which is the subject of application is prepared in accordance with the requirements prescribed by Law on Energy and this Decree.
5. details on the person responsible for operation of the power plant (name, position, telephone, fax, e-mail).
A special obligation of the privileged producer of electricity is to keep records on consumed primary fuel (basic and additional) in which the quantity and average lower heat power of consumed fuels are kept. This obligation shall not be valid for solar power plants on the buildings. Ministry in charge of energy shall keep the register of privileged electricity producers.
Decree on Incentive Measures for Privileged Producers of Electricity (Official Gazette of RS, number 8/2013)
This Decree specifies the categories of privileged electricity producers, regulates the incentive measures, defines conditions for obtaining the right to use these measures, method of determining of the incentive period, rights and obligations arising from these measures for the privileged producers and other energy entities and regulates the content of the Electricity Purchase Agreement and Preliminary Power Purchase Agreement with a privileged producer.
Incentive measures as defined in this Decree are:
1. an incentives period of 12 years for all power plants of privileged producers that have been put into operation less than 12 months prior to signing the agreement on purchase of total amount of produced electricity with public supplier, or incentives period of 12 years minus the difference between the year of conclusion of the agreement and the year of commissioning for all other power plants of privileged producers.
2. incentive purchase price at which the privileged producer is entitled to sell total amount of generated electricity during the incentive period to the public supplier; 
3. right of the privileged producer who had previously obtained the temporary status of a privileged producer to sell the total amount of electricity produced to public supplier during the incentives period at incentive price that was valid at the time of obtaining the temporary status of privileged producer;
4. the amount of produced electricity during the incentives period at the incentive purchase price that was valid at the time of obtaining temporary status of privileged producer;
5. taking balancing responsibility and balancing costs from privileged producers during the incentive period by the public supplier; 
6. free of charge monthly notification of a privileged producer and public supplier on the electricity generation in the facility of the privileged producer metered by the relevant system operator during the incentive period;
7. the right of a privileged producer to conclude an Agreement with the public supplier after the incentive period on purchase of the total amount of produced electricity at market conditions on the organized electricity market in the Republic of Serbia.
This Decree confirms that solar power plants shall be the facilities entitled to use incentive measures, but with previously concluded agreement on purchase of total produced electricity during the incentive period. Public supplier of electricity is obliged, at the request of producer of electricity from power plant that uses renewable energy sources, and which is not connected to the system, to conclude an agreement on temporary takeover of balance responsibility and temporary purchase of electricity, if the producer has previously fulfilled the requirements of the permit for connection and acquired the occupancy permit, the other proof that the equipment and installations of the power plant meet the technical and other prescribed requirements or occupancy permit for trial operation. This temporary agreement comes into effect on the day of launching the power plant into the trial operation, and lasts till the conclusion of agreement on purchase of total produced electricity during the incentive period, no longer than three months. If this producer obtains the status of privileged producer, it shall be entitled to the following incentive measures: 
1. incentive period; 
2. incentive purchase price; 
3. takeover of balance responsibility. 
In case it has not obtained the status of privileged producer, the producer shall be entitled to charge for sold electricity from the public supplier at the average market price and it shall have the obligation to pay balancing costs to the public supplier at the cost equal to quotient of total balance costs of the public supplier balance group divided by total sold electricity of the public supplier.
Entity that obtained the temporary status of privileged producer shall be entitled to conclude preliminary agreement with the public supplier on purchase of total amount of produced electricity from power plants of installed power up to 5 MW and exceeding 5 MW.
Privileged producer that has concluded the agreement on purchase of total amount of generated electricity with the public supplier belongs to the balance group of the public supplier. If the privileged producer has installed power of more than 5 MW, it is obliged to deliver work plans to the public supplier in accordance with the agreement on purchase of total amount of generated electricity and rules of operation of transmission system. Privileged producer that has concluded the agreement on purchase of total amount of generated electricity with the public supplier transfers the guarantees of origin to the public supplier during the incentive period.
Decree on incentive measures for privileged producers of electricity regulates the formula for regular annual correction of incentive purchase price due to the inflation in Euro zone. This correction shall be done in February of each year, starting in 2014. This Decree establishes that the mentioned incentive prices shall be calculated every three years, and can be reassessed annually. The Decree validity period is three years – to 31st December 2015. Transitory provisions define the rules for privileged producers that have already concluded the agreement on purchase of  electricity produced from renewable sources as well as how to protect their rights.
Obligations of public supplier considering the providision of incentive measures in accordance with the Law on Energy and this Decree shall be performed by Public Company "Elektroprivreda Srbije” Beograd, to the moment of appointing the public supplier.
Decree on Conditions of Electricity Delivery (Official Gazette of RS, number 107/2005)
This Decree shall regulate more specific terms of electricity supply, as well as measures taken in case the security of electricity supply has been jeopardised due to the functional disruption of the energy system or the disruption in the energy market. The following things are particularly prescribed and are significant for this Study:
· terms and procedures of issuance of approval for connection to the system and system connection, as well as manner of proving the fulfilment of requirements for connection of facility;
· metering point and point of delineation of responsibility for supplied electricity;
· terms and procedures of connection of temporary facilities, construction sites and facilities in trial run or other facilities in accordance with the law  regulating facility construction;
The approval for the connection shall be issued with validity period that matches the period of construction of facility, or the deadline for completion of construction works on the facility, in accordance with the regulations established for planning and construction of facility, but no longer than two years from the day of adoption of the decision (if the facility is under construction) . The procedure starts with submitting the application for issuing the approval for connection which is submitted to energy entity for transmission, or distribution of electricity to whose system the producer’s facility is to be connected.
Together with the mentioned application the following details shall be submitted about:
1. the owner or occupant/user of the facility (for an individual: full name and address, personal identity number, and for a legal entity or entrepreneur: business name, registered address, tax identification number, company ID number, account number and name of responsible person); 
2. the facility for which the connection approval is requested (address, type, location and purpose of the facility); 
3. the time when facility is to be connected;
4. the total installed power of the facility, number and power of generator units, generator voltage, and block transformer; 
5. the expected annual and monthly generation output; 
6. protection and metering devices; 
7. the energy permit and permit for performing activity of electricity generation, for facilities with the power of above 1 MW (it can be concluded that the  permit for performing activity of electricity generation must be obtained first, and after that the energy facility is connected to the network).
Beside aforesaid, for constructed facilities the construction permit and property right evidence over the facility or right to use it must be submitted as well.
Energy entity for transmission or distribution of electricity, to which the application for connection was submitted, is obliged to decide upon that application within 60 days from the day of receipt of written application, and decide if the power plant may be connected to the electricity network.  Criteria to be respected and that are defined in this Decree are prescribed by the Law on Energy, and have been already analysed.
The Facility that is under construction, or that was constructed without the construction permit, cannot be connected to the electricity network. It is forbidden to connect the facility to the system without the approval for connection, individual and illegal connection of the facilities, devices or installations to transmission, transport or distribution system, as well as putting the facilities into operation.
Other important provisions prescribed by this Decree are established and analysed in the Law on Energy.

[bookmark: _Toc383179075][bookmark: _Toc393011792]ANALYSIS OF POSSIBILITIES AND JUSTIFICATION OF THE APPLICATION OF PV AND TS SYSTEMS ON PUBLIC BUILDINGS
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The study includes the analysis of the possibilities of solar energy use for the purpose of obtaining heat and electricity on three public buildings in the Municipality of Bijeljina and three public buildings in the Municipality of Bogatić. The selection of the buildings, on which the elements of this study can be applied, has been performed in partnership with the members of project team responsible for the implementation of the Project of cross-border cooperation. The inspection of situation and the appropriate preliminary analysis have been done for all public buildings. During the selection of the buildings, the primary consideration was their orientation, shadows of the neighbouring buildings and infrastructure conditions for installation of solar systems in order to avoid excessive and irrational costs, while at the same time to be able to collect as much solar energy as possible.
[bookmark: _Toc383179077][bookmark: _Toc393011794]Buildings in the territory of the City of Bijeljina

The following buildings have been selected in the territory of the City of Bijeljina:
	Building
	Geographic coordinates

	Elementary school "Knez Ivo od Semberije"
	N44°45.468'
	E019°12.280'

	Gym of the high school "Filip Višnjić"
	N44°46.206'
	E019°13.548'

	Elementary school "Dvorovi“ with the gym
	N44°48.328'
	E019°15.540'


Elementary school "Knez Ivo od Semberije"
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[bookmark: _Toc383179529][bookmark: _Toc393011953]Image 66. Map of location of Elementary school "Knez Ivo od Semberije"
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[bookmark: _Toc383179530][bookmark: _Toc393011954]Image 67. Appearance of the building of Elementary school "Knez Ivo od Semberije"

The school is located in the City of Bijeljina at the following address: Neznanih junaka 46. It consists of a main building (building 1) and a gym (building 2). The buildings are characterized by excellent orientation and a large area of the roof.

Details about the buildings:

Building 1:	,	double pitched roof, slope angle of 7°, sheet-covered
		deviation of the building position from direction east-west is 0°

Building 2:	,	double pitched roof, slope angle of 7°, sheet-covered
		deviation of the building position from direction east-west is 0°
Gym of the high school "Filip Višnjić"
High school "Filip Višnjić" is located in the City of Bijeljina at the followign address: Račanska 94. The high school was founded in September, 1919, in the building of the present elementary school "Sveti Sava". It started as a lower high school, however, with the starting of the fifth grade in 1924, it was given the name of Secondary High School. The new school building was built in 1979, and was renovated 4 years ago, when the new premises were also built. The students are divided into 32 classes and they use 19 classrooms from which 9 are particularly equipped for subjects requiring adequate items and there is one multimedia classroom. It has been suggested to use the roof of the gym of the high school (building 1) for the needs of solar energy collection.

The roof structure of the gym consists of two steel grids, with span of 35.6 m, and steel trussed purlins, with span of 12.6 m, are relied on them and their mutual distance is 2.51 m. The roof covering is leaned on the purlins, and it consists of double aluminium trapezoidal sheet metal filled with thermal insulation between the sheets. The roof is single-pitched, with slope of 12% (7°), except for the light domes where the slope is 64°.
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[bookmark: _Toc383179531][bookmark: _Toc393011955]Image 68. Map of location of the gym of high school Filip Višnjić
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Details about the building:

Building 1:	,
		deviation of the building position from direction north-south is 0°

Elementary school "Dvorovi“ with the gym
 (
2
) (
1
)[image: ]
[bookmark: _Toc383179533][bookmark: _Toc393011957]Image 70. Map of location of Elementary school "Dvorovi“
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[bookmark: _Toc383179534][bookmark: _Toc393011958]Image 71. Appearance of the gym and school buildings in Dvorovi

The Elementary school "Dvorovi“ is located in Dvorovi near Bijeljina at the following address: Karađorđeva bb. It consists of a main building (building 2) and a gym (building 1).

Details about the buildings:

Building 1:	,	double pitched roof, slope angle of 7°, sheet-covered
		deviation of the building position from direction east-west is 37°

Building 2:	,	pitched roof, slope angle of 25°, tiles
		deviation of the building position from direction north-south is 37°
[bookmark: _Toc383179078][bookmark: _Toc393011795]Buildings in the territory of the Municipality of Bogatić
The following buildings have been selected in the territory of the Municipality of Bogatić:
	Building
	Geographic coordinates

	Elementary school "Janko Veselinović" Crna Bara
	N44°52.301'
	E019°23.649'

	Elementary school "Laza Lazarević" Salaš Crnobarski
	N44°49.557'
	E019°23.559'

	Elementary school "Nikola Tesla" Dublje
	N44°48.077'
	E019°30.400'


Elementary school "Janko Veselinović" Crna Bara
Elementary school "Janko Veselinović" is located at the following address: Miodraga Petrovića Ujke 54, in Crna Bara near Bogatić. It consists of three buildings shown in the images below. Buildings 1 and 2 are intended for school activities and building 3 is a boiler room.
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[bookmark: _Toc383179535][bookmark: _Toc393011959]Image 72. Map of location of Elementary school "Janko Veselinović“
Details about the buildings:

Building 1:	,	double pitched roof, slope angle of 32°, tiles
		deviation of the building position from direction north-south is 15°

Building 2:	,	double pitched roof, slope angle of 32°, tiles
		deviation of the building position from direction north-south is 15°

Building 3:	,	roof pitched towards south, slope angle of 16°, corrugated
		deviation of the building position from direction east-west is 15°
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[bookmark: _Toc383179536][bookmark: _Toc393011960]Image 73. Appearance of the buildings of Elementary school "Janko Veselinović“

Elementary school "Laza Lazarević" Salaš Crnobarski
Elementary school "Laza Lazarević" is located at the following address: Janka Veselinovića 4, in Saalaš Crnobarski near Bogatić. Map of school’s location and school’s appearance are shown in the images below.
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[bookmark: _Toc383179537][bookmark: _Toc393011961]Image 74. Map of location of Elementary school "Laza Lazarević“
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[bookmark: _Toc383179538][bookmark: _Toc393011962]Image 75. Appearance of Elementary school "Laza Lazarević“
Details about the building:

Building 1:	,	pitched roof, slope angle of 20°, tiles
		deviation of the building position from direction east-west is 4.3°
Elementary school "Nikola Tesla" Dublje
Elementary school "Nikola Tesla" is located at the following address: Đenerala Draže Mihajlovića 8, in Dublje near Bogatić. The school was founded in 1865. For a long time, the school had only one combined class, but it was expanded and in 1951 it became eight-year elementary school. The school has satisfying professional staff, long tradition and excellent results of students in education and extra-curricular activities. It has 8 classrooms, an IT room with 25 computers, a room for pre-school education (inside building 1), a gym (building 2) and a sports training ground.
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[bookmark: _Toc383179539][bookmark: _Toc393011963]Image 76. Map of location of Elementary school "Nikola Tesla“
Details about the buildings:

Building 1:	,	pitched roof, slope angle of 25°, tiles
		deviation of the building position from direction east-west is 3.8°

Building 2:	,	roof pitched towards west, slope angle of 5°, sheet-covered
		deviation of the building position from direction north-south is 3.8°
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[bookmark: _Toc383179540][bookmark: _Toc393011964]Image 77. Appearance of Elementary school "Nikola Tesla“
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Analysis of spatial, location and infrastructure conditions and architectural and construction possibilities for installation of solar systems
For the six buildings that are the subject of the study, an analysis of spatial, location and infrastructure conditions has been done concerning the following aspects:
· location of buildings and geographic coordinates,
· capacity of buildings,
· disposition of the buildings on the lot and closer surroundings,
· access to public roads,
· method of heating/cooling of buildings and infrastructure condition,
· conditions for connection to the electricity grid.
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[bookmark: _Toc383179541][bookmark: _Toc393011965]Image 78. Spatial disposition of residential areas in the Municipalities of Bijeljina (B&H) and Bogatić (Serbia) with locations of the buildings concerned in the study

By considering the situation of each building and analysing the existing conditions, recommendations on the possibilities and methods of installing solar systems have been given. All buildings have been visually inspected, including roofs and their structures, and locations that should be used for installation of solar systems have been evaluated. When creating the project, it is necessary to check and calculate the impact of the new load on the roof structures.
Analysis of current conditions is based on the following details:
· age of buildings,
· system of construction,
· condition and preservation of the structure,
· structural stability, and
· possible impact of system installation on the structure.

According to above specified parameters, the evaluation for solar system installation is given. For some buildings, two possible options of evaluation are given:
1. Assessment of the current condition of roof structures and assessment of the possible roof repair in the future. Some buildings have very bad condition of roof structures or roof coverings. Their repair is inevitable and the reinforcement of their structures will be assumed in the option in order to give the possibilities for installation of maximum number of solar systems,
2. Assessment of the current condition of roof structures and possibility of solar system installation on roofs in current condition without additional structural and repair works on the roofs.  

According to above induced, the recommendations and statements concerning areas for solar systems installation have been given.
[bookmark: _Toc383179080][bookmark: _Toc393011797]Gym of the high school "Filip Višnjić" Bijeljina
The building is located in Bijeljina at the following address: Račanska str. on the cadastral plot 529/2 of the cadastral municipality Bijeljina. The gym is, by the longer axis, oriented in the direction north-south with roof planes facing east and south. In the closer surroundings of the location, there is the building of the high school on the southwest, open sports grounds on the south and the north side, and technical high school located west from the gym. The gym is connected to Račanska street that passes west from the building. Close to the gym, there are no larger buildings or vegetation that could make shadows on the building. Near the building (approximately 150 m), there is a transformer station where it is possible to make a connection on the electrical grid if PV panels are installed.
The buildings of the gym and high school are heated from their own solid fuel boiler room and they have no air-conditioning system.
The building has the following dimensions: 44.60x35.95 m. The building was built during the eighties of the last century. The gym was built in the skeletal system of construction with single-pitched roof with angle of slope of 7 degrees in the direction west-east. The roof was built using a steel structure consisting of two main spatial lattice roof girders that are evenly placed in the middle of the building in the direction east-west. These girders divide the  roof plane into three equal parts and lantern lighting of the building is received through them. Side supports are directly put on the walls in form of AB skeleton. The span of the main girders is 35.95 m.
Secondary roof structure that carries the roof covering was also made of the line lattice girders that are placed in the north-south direction, between the outer walls and two major girders. The span of these girders is approximately 12.75 m, the distance between them is about 2.50 m.
The roof covering is made of sandwich panels: sheet metal + thermal insulation + sheet metal.
The condition of the roof structure can be best seen in the report "Technical description of the current situation of the roof of the gym on 14th February 2012 with the proposal of necessary measures" prepared by the Public Company "Directorate of construction and development of the City of Bijeljina". The report said that the roof covering is badly damaged, along with the thermal insulation and flashings, and it proposes the complete replacement of the roof covering and flashings as soon as possible. The bearing structure with the main and secondary steel girders is in good shape, but the damages are possible due to untimely repair of the roof covering.
[image: ]    [image: ]
[bookmark: _Toc383179542][bookmark: _Toc393011966]Image 79. Southwest and southeast façade of the gym

[bookmark: _Toc383179543][bookmark: _Toc393011967][image: ][image: ]
Image 80. Roof structure of the gym

Installation of the solar systems is possible on the roof plane that has south-east orientation with approximate area of 1400 m2. Also, there is a possibility of mounting a wall system on the south-east façade wall.
[bookmark: _Toc380138561][bookmark: _Toc381817746][bookmark: _Toc383179081]Option a)
The specified condition of the building requires urgent repair and therefore we recommend replacement of the roof covering with reinforcement of the covering or the roof structure with assessment of the load by a solar system. Accordingly, the necessary repair would enable a better effect of the solar system installation. 
On the complete roof plane, solar systems would be installed with a minimal mutual distance which would prevent mutual panel shadowing. Also, solar system would be installed on the part of the southern façade wall in order to acquire the following useful surfaces:
1. Roof plane in 10 rows on the roof towards the south side ..…………………….………	718.0 m2
2. Wall surface on the south side………………………………………………………....................	143.6 m2
[bookmark: _Toc380138562][bookmark: _Toc381817747][bookmark: _Toc383179082]TOTAL AREA:………………………………………………………….………………………………………	861.6 m2
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[bookmark: _Toc383179544][bookmark: _Toc393011968]Image 81. Layout of the roof - option a) with maximal utilization of the roof with necessary repair and reinforcement
[bookmark: _Toc380138563][bookmark: _Toc381817748][bookmark: _Toc383179083]Option b
This option shows actual situation without additional repair or structural interventions. Due to the very small slope of the roof plane, quite large spans of the structure (main and secondary girders), as well as due to poor condition of the covering, we suggest solar systems installation in the area of the supports and the main girders. This would avoid any additional reinforcement of the roof structure and the additional load of solar systems would be located near the primary structure.  
Very good location for installation of solar system is on the south façade wall. By construction of suspension wall substructure, it is possible to install solar collectors into two levels along the whole southern façade.
Analysis of areas for installation of solar system:
1. Roof plane in 4 rows on wall supports and to the roof girders on the south side.	287.2 m2
2. Wall surface on the south side………………………………………………………………………….	143.6 m2
[bookmark: _Toc380138564][bookmark: _Toc381817749][bookmark: _Toc383179084]TOTAL AREA:…………………………………………………………………………………………..……..	430.8 m2
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[bookmark: _Toc383179545][bookmark: _Toc393011969]Image 82. Layout of  the roof - option b) with realistic utilization of the roof in current condition
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[bookmark: _Toc383179546][bookmark: _Toc393011970]Image 83. Possibility of installation of solar system on the south façade wall

[bookmark: _Toc383179085][bookmark: _Toc393011798]Elementary school "Knez Ivo od Semberije" Bijeljina
The school is located at the following address: Neznanih junaka in Bijeljina. The building is located, by the longer axis, in the direction east-west, and roof planes are oriented to the north and south. On the building location, there is a school building and a gym. Besides the mentioned building, there are sports grounds on the north side. There are no tall buildings or trees in the surroundings. Location is directly connected to the street Neznanih junaka. Near the building, some 200 m away, there is a transformer station where it is possible to make a connection to the electricity grid if PV solar systems are installed.
Heating of the school and the gym is done from their own solid fuel boiler room. The building has no air-conditioning system.
The building was built during the seventies and the eighties of the last century. It has an irregular rectangular shape with outer dimensions of approximately 49.5 x 32 m and the gym has dimensions of 30.0 x 24.0 m. The school building was built in the classical construction system with walls that have AB ring beams and AB ceilings between floors. The roof is double pitched with the angle of slope of 10 degrees with the covering made of asbestos-cement corrugated sheets. The roof structure of the school is made of wooden lattice girders (binders) - scantling 8x5 cm on axis spacing of about 125 cm.
The gym was built in the skeletal system with steel structure of walls and roof. The covering is sandwich panel made of two trapezoidal sheets and thermal insulation fill. 
The present condition of the school’s roof requires urgent replacement of the roof covering – asbestos-cement sheets and necessary repair of the wooden structure.
[image: ] [image: ]
[bookmark: _Toc383179547][bookmark: _Toc393011971]Image 84. South façades of the school and gym

[bookmark: _Toc380138566][bookmark: _Toc381817751][bookmark: _Toc383179086]The buildings have the south roof planes that offer ideal conditions for solar system installation. Total area of the south roof plane on the school is 620 m2, and on the gym is 390 m2, so both buildings have 1010 m2 of useful area. 
Option a)
By replacement of the roof covering and repair and necessary reinforcement of the roof structure, the ideal conditions for solar system installation will be created on the complete south roof plane.

Analysis of areas for installation of solar system:
1. Roof plane of the school in 4+2 rows on the south side …………………………………..	400 m2
2. Roof plane of the gym on the south side……………………………………….....................	264 m2
[bookmark: _Toc380138567][bookmark: _Toc381817752][bookmark: _Toc383179087]TOTAL AREA:………………………………………………………………………………………………….	664 m2
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[bookmark: _Toc383179548][bookmark: _Toc393011972]Image 85. Layout of the roof - option a) with maximal utilization of the roof with necessary repair and reinforcement
Option b)
The current condition without additional repair and structural works gives the possibility of installation of solar systems in the zone of the supports and the main girders. So, the installation of solar systems in the current condition would be possible, but with reduced capacity. 

Analysis of areas for installation of solar system in current condition:
1. Roof plane of the school in 2 rows on the wall supports of eaves and ridge……. 	200 m2
2. Roof plane of the gym with the supports on eaves and ridge …………………………. 	144 m2
[bookmark: _Toc380138568][bookmark: _Toc381817753][bookmark: _Toc383179088]TOTAL AREA:……………………………………………………………….…………………………………	344 m2
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[bookmark: _Toc383179549][bookmark: _Toc393011973]Image 86. Layout of  the roof - option b) with utilization of the roof in current condition

[bookmark: _Toc383179089][bookmark: _Toc393011799]Elementary school "Dvorovi“ with the gym
The school is located in Dvorovi, 6 km away from Bijeljina to the north-east, and it is connected to the communication road Bijeljina-Dvorovi. On the location, there is an elementary school building and a gym, with "L" layout disposition. The school is placed, by the longer axis, in the direction of the northeast-southwest and the gym in the direction of the northwest-southeast. The school has the ground floor and the first floor. In the closer surroundings, there is an open sports field to the northwest.
Heating of both building is done from their own solid fuel boiler room which is placed next to the school. The buildings have no air-conditioning system. Near the building (approximately 250 m away), there is a transformer station where it is possible to make a connection to the electricity grid if PV system is installed.
The building was upgraded in 1999 when the roof structure was built over the complete school building. The school building has an irregular rectangular shape with outer dimensions of approximately 29.5x16 m and the gym has dimensions of 32 x 21 m. The school building was built in the classical construction system with walls that have AB ring beams and AB ceilings between floors. The roof is multi-pitched, built in the system of hipped roof with the angle of slope of 30 degrees and the covering is made of tiles. The roof structure was made in a manner of classical wooden structure. 

[image: ][image: ]
[bookmark: _Toc383179550][bookmark: _Toc393011974]Image 87. Southeast façade of the school (left) and of the gym (right)

The gym was built in the skeletal system with AB mounting structure on the walls and a roof. The slope of the roof is approximately 7 degrees, and the covering is sandwich panel made of two trapezoidal sheet and thermal insulation fill.
[image: ]
[bookmark: _Toc383179551][bookmark: _Toc393011975]Image 88. Roof structure of the gym
Considering the fact that the buildings are in good condition, an option with maximal possibilities of solar systems installation is given, that is, on the southwest and southeast side of the roof of the school with an area of approximately 245 m2, and on the southwest side of the gym with an area of about 340 m2.
Analysis of areas for installation of solar system in current condition:
1. Roof plane of the school on the southeast and southwest ……………………………… 	112 m2
2. Roof plane of the gym with the supports on secondary girders ……………...........	248 m2
[bookmark: _Toc380138570][bookmark: _Toc381817755][bookmark: _Toc383179090]TOTAL AREA:……………………………………………………………….………………………………..	360 m2
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[bookmark: _Toc383179552]
[bookmark: _Toc393011976]Image 89. Layout of  the roof with utilization of the roof in current condition

[bookmark: _Toc383179091][bookmark: _Toc393011800]Elementary school "Janko Veselinović" Crna Bara
Settlement named Crna Bara is located 8 km northeast from Bogatić. Elementary school "Janko Veselinović" in Crna Bara is located in the central part of the settlement, alongside the street Miodraga Petrovića Ujke. The school building is classical building with one ground floor built in the middle of the last century. The layout disposition has an "L" shape with the longer axis running north-south, with width of wings of 11 m. The south wing is 24 m long and the eastern wing consists of two connected buildings with a total length of 61.5 m. Next to the north side of the building, there is a solid fuel boiler room used for the heating of the school. The school building was built in the classical construction system with massive brick walls. The roof was built according to the system of hipped roof, with an "L" layout. The roof structure was made of wood according to king post system with the slope of about 30 degrees and tiles were used for covering.
The building has no air-conditioning system. Near the building, some 200 m away, there is a transformer station where it is possible to make a connection of the solar systems to the grid.
The part of the roof covering on the east wing was replaced. But, the general assessment of condition of the roof structure is that repair and replacement of tiles are necessary. By repair and necessary reinforcement of the wooden structure, the possibility of solar systems installation is given, so the assessment of possibilities with required repair of the roof has been done for this school.
[image: ]   [image: ]
[bookmark: _Toc383179553][bookmark: _Toc393011977]Image 90. South façade (left) and the east façade (right) of the school "Janko Veselinović" Crna Bara

The south side of the roof with an area of about 115 m2 has been planned for the direct installation of solar systems and the effect is maximal there. The east side of the roof with an area of 375 m2 can be used for the direct installation or for the construction of mounting substructure system on the roof king post and installation of the panels with orientation to the south. The second option gives a higher efficiency so it is considered in the analysis. 
Analysis of the areas for installation of solar system with mandatory reinforcement and reconstruction of the roof:
1. Roof plane south   ……………………………………………………………………………………………	     96 m2
2. Roof plane east - with mounting substructure system……………………………………..	123.2 m2
[bookmark: _Toc380138572][bookmark: _Toc381817757][bookmark: _Toc383179092]TOTAL AREA:………………………………………………………………………………………………..	219.2 m2
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[bookmark: _Toc383179554]Cross-section A-A		Cross-section B-B			Cross-section C-C
[bookmark: _Toc393011978]Image 91. Layout of  the roof with utilization of the roof with reconstruction
[bookmark: _Toc383179093][bookmark: _Toc393011801]Elementary school "Laza Lazarević" Salaš Crnobarski
[bookmark: _Toc380138574][bookmark: _Toc381817759][bookmark: _Toc383179094][bookmark: _Toc380138575]Salaš Crnobarski is a settlement located 7 km west from Bogatić. The elementary school is placed in the central part of the settlement and directly connected to the street Janka Veselinovića. The building has a rectangular base in the direction of the longer axis east-west, and roof planes are oriented to the south and north. It consists of two connected buildings with dimensions of 16.00 x 11.00 m + 6.50 x 8.50 m. The building has the ground floor and the mansard. The school was built in the middle of the last century and upgraded part was done not long ago. The buildings were built according to classical system of construction with massive brick walls that are trussed by AB ring beams. The roof structure is made of wood, built according to the system of king post with hipped roof and angle of slope of approximately 35 degrees. The roof covering is plain roofing tile, but the new part has interlocking roofing tiles. The old part of the building and the roof is in a pretty bad condition and there is a need to repair the roof structure and to replace the covering. The new part of the roof has good roof structure and new tiles.
Heating of the school is done from own solid fuel boiler room. The school has no air-conditioning system. There is a transformer station approximately one hundred meters away.
[bookmark: _Toc380138576][bookmark: _Toc381817760][bookmark: _Toc383179095]For the purpose of installation of solar systems, the south side of the roof is the best because it is bigger roof plane with an area of about 103 m2. It is necessary to repair or to reinforce the roof structure (roof king posts and rafters) and to replace the tiles. Fulfilling these conditions, it would be possible to achieve the maximum effect of utilization of solar system on the building.
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[bookmark: _Toc383179555][bookmark: _Toc393011979]Image 92. South façade of the school "Laza Lazarević" Salaš Crnobarski

Analysis of the areas for installation of solar system with mandatory reinforcement and reconstruction of the roof:
1. Roof plane of the school  ……………………………………………………………………………………………	79 m2
[bookmark: _Toc380138577][bookmark: _Toc381817761][bookmark: _Toc383179096]TOTAL AREA:…………………………………………………………………………………………………………..	79 m2
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[bookmark: _Toc383179556][bookmark: _Toc393011980]Image 93. Layout of the roof with utilization with reconstruction of the roof of the old part of the building of Elementary school "Laza Lazarević"

[bookmark: _Toc383179097][bookmark: _Toc393011802]Elementary school "Nikola Tesla" Dublje
The school is located next to the main town road in Dublje, 6 km south from Bogatić. The building only has the ground floor, and it was built in the middle of the last century. The layout disposition has an "H" shape with the longer axis running east-west, and width of wings of 10 m. The middle wing and two side wings are 32 m long. A building with ground floor with dimensions of 18.0x8.0 m, now being used for education of pre-school children, was built next to the building, on the north. The school building was built in the classical construction system with massive brick walls. The roof was built according to the system of hipped roof, also with an "H" layout. The roof structure was made of wood according to king post system with the slope of about 30 degrees and tiles were used for covering. The roof structure of the later built building was made of steel profiles, constructed as a single-pitched roof with angle of slope of 7 degrees, covered by trapezoidal sheet metal.
[image: ]   [image: ]
[bookmark: _Toc383179557][bookmark: _Toc393011981]Image 94. The building of the school "Nikola Tesla" (left) and later built building (right)

The middle wing of the school (entrance) has the ideal conditions for installation of solar systems because of south orientation and favourable slope of the roof. However, trees and park in the school yard make shadows on the lower part of the roof, especially during winter, so only the space in the zone of ridge can be used on this roof plane. Two side wings of the school have east and west orientation of the roof planes and direct installation of panels on the roof would give the reduced effect and power efficiency. Due to the structure of the king post and its position, it is possible to install a substructure system - upgrade of the roof where panels could be installed with orientation to the south. 
Current condition of the roof structure and roof covering requires the mandatory roof reconstruction. Therefore, the option of installation of solar systems is given if the reinforcement of the current structure is performed, providing the maximal possibilities of installation on the south roof plane of the middle school wing and on the ridge zones on both side wings. In addition, there is a possibility of installation of solar systems on the later built building with mandatory reinforcement of the structure and making substructure system for solar panels.
[bookmark: _Toc383179558][image: ] 
[bookmark: _Toc393011982]Image 95. Layout of  the roof with utilization of the roof with reconstruction
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[bookmark: _Toc383179559][bookmark: _Toc393011983]Image 96. Elementary school "Nikola Tesla" Dublje - cross sections

Heating of the school is done from own boiler room which uses heating oil. The building has no air-conditioning system. Near the building, some 200 m away, there is a transformer station where it is possible to make a connection of the solar systems to the grid.

Analysis of the areas for installation of solar system with mandatory reinforcement and reconstruction of the roof:
1. Roof plane of the school  …………………………………………………………………………………	214.8  m2
2. Roof plane of the children's gym  ……………………………………………………………………        76 m2
[bookmark: _Toc380138579][bookmark: _Toc381817763][bookmark: _Toc383179098]TOTAL AREA:………………………………………………………………………………………………….	290.8 m2
[bookmark: _Toc383179099][bookmark: _Toc393011803]
Analysis of possible technical and technological solutions for using solar energy to produce electricity
Analysis of possible technical and technological solutions for using solar energy to produce electricity has been considered depending on the mode of application (connection) of PV system and monitoring technology of apparent sun movement in three options:
· Option I – Grid-connected PV system, connected to electricity grid without tracking of apparent sun movement;
· Option II – Grid-connected PV system, connected to electricity grid with tracking of apparent sun movement;
· Option III – Off-grid (autonomous) PV system, without connection to electricity grid.

After having analysed all the buildings, it has been established that the buildings concerned are connected to the electricity grid. Therefore, Option III shall not be considered in this Study due to economic (mounting the batteries increases the price of the system and there is no government support by way of "feed in" tariffs), technical (it is necessary to perform additional optimization of the system), and spatial (requirement for placement of batteries) reasons. By architectural and construction analysis of the considered buildings, it has been found that additional structures and reinforcements are needed, which significantly increases the initial investment. It has been also found that increased sun share, i.e. irradiance, is not significantly higher in PV systems with tracking of apparent sun movement compared to PV systems without tracking of apparent sun movement. By comparison between investment in additional equipment for tracking the sun and investment in architectural and structural works and differences in irradiance between PV system with tracking of apparent sun movement and without tracking of apparent sun movement, it has been found that the Option II is not profitable and has not been taken into further consideration. 

Option I has been found to be the best possible option, and it was considered on the basis of analysis of architectural and construction options for installation of solar modules and on the basis of technical characteristics of solar module. This option is used to analyse the possible technical and technological solutions concerning solar energy use for electricity generation. 

[bookmark: _Toc379902310][bookmark: _Toc383179100][bookmark: _Toc393011804]Analysis of possible technical and technological solutions for using solar energy to produce electricity according to the option I
In this chapter, the analysis of possible technical and technological solutions for using solar energy to produce electricity has been done for the six considered buildings. Solar module and DA/AC inverter have been selected for the analysis. Technical characteristics of the selected solar module are given in Table 1. Besides the above mentioned, the analysis has also taken into consideration the following:
· [bookmark: _Toc324855653]Connection of PV system to the grid,
· Technical requirements for connection of PV system to the grid,
· Influence of PV system to the distribution grid.
[bookmark: _Ref379806546][bookmark: _Toc379901456][bookmark: _Toc383179885]

[bookmark: _Toc393012996]

Table 21. Technical specifications of the solar module
	Solar module
	Schuco MPE 240 PS 09

	Power:
	240 Wp
	[image: ]
[bookmark: _Toc379901454][bookmark: _Toc383179560][bookmark: _Toc393011984]Image 97. Appearance of the solar module

	Manufacturer:
	Shuco
	

	Type:
	MPE 240 PS 09
	

	Material:
	Poly
	

	Number of cells in the module:
	60 (6x10)
	

	Length:
	1639 mm
	

	Width:
	983 mm
	

	Area:
	1.611 m2
	

	Weight:
	20.0 kg
	

	Efficiency:
	14.89 %
	

	Max. system voltage:
	1000 V
	


[bookmark: _Toc379902311][bookmark: _Toc383179101][bookmark: _Toc393011805]Connecting the PV system to the grid
Distributed generation of electricity ( DG or DP – distributed power) is generation of electricity inside the distribution grid close to the consumption location. According to it, the distributed source is the one connected to the distribution grid.

When resolving the situation on the connection of distributed generation units (small power plants) to the distribution grid, the necessary legislation appears in the form of defined laws, by-laws, rules and regulations. There are many issues concerning solution of technical, legal and economic aspects of connection of such facilities. Standards are needed in order to define the product technically through required and specified units of measure. To connect the power plant to the distribution grid, the following are needed to conform with:
· Law on spatial Planning and Construction,
· Law or Decree on Use of  Renewable Energy Source and Cogeneration,
· Rulebook on keeping and updating the Register of RES and Cogeneration projects,
· Rulebook on Issuance of Licenses,
· Rulebook on Connection,
· Technical recommendation of Electricity Companies.

Each small power plant has to meet the following minimal technical requirements for the connection:
· frequency deviation,
· voltage deviation,
· voltage waveform,
· voltage asymmetry,
· operational and protective earthing,
· short-circuit level,
· insulation level,
· protection from malfunctions and interferences,
· power factor.

The location of the connection depends on peak power of the plant. When connecting PV system to the grid, it is not only distributed generation is important but also privileged producer who should be seen as a producer who supplies electricity to the grid and as a buyer who uses electricity for personal needs. From this point of view, it is necessary to see the flow of active and reactive electricity in a given time. It primarily depends on technical characteristics of the generation plant (e.g. is there input transformer in inverter of PV system), on operating condition of the generation plant and on connection to the grid.  

The basic data on PV system connection to the grid are as follows:
· rated voltage of the grid:	0.4 kV
· frequency:			50 Hz
· location of connection:		low voltage line
· connection type:		single-phase (up to 5 kW), three-phase (from 5kW to 150 kW)

Type of switching device for separation is a fuse-switch, fuse has a protection function in the place of switching device.
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[bookmark: _Toc379901455][bookmark: _Toc383179561][bookmark: _Toc393011985]Image 98. Block diagram of PV system connection to the grid

According to prescribed regulations, on the connection point between solar power plant and the distribution grid, a separation switch is installed, which enables separation of the power plant from the distribution grid parallel plant. The grid operator has exclusive jurisdiction over this switch. Privileged producer, besides its obligation to provide the grid operator with access to the connection of power plant, it is also obliged to ensure the access to the metering location because of inspection of equipment, managing the plant and meter reading.
[bookmark: _Toc379902312][bookmark: _Toc383179102][bookmark: _Toc393011806]Technical requirements for connecting the PV system to the grid
Each small power plant has to meet the following minimal technical requirements for the connection to the grid as well as the PV system. The basic technical requirements that have to be met by a PV system are:
· maximal allowed three-phase power,
· type of connection to low-voltage grid,
· plant drive,
· alternating converter,
· electric installation,
· metering and calculation of electricity,
· other metering devices,
· casing of metering connection cabinet,
· testing during trial run,
· other requirements.

The first point of the technical requirements determines the scope of technical requirements application from the stand point of maximal connected power of the plant in the case of single-phase (up to 5 kW) and three-phase connection (up to 150 kW). Inverter requirements are primarily determined by request that inverter has to fulfil the EU standards. Requirements for protective functions and limits of inverter adjustment are also determined:
· overvoltage (Un – 1.06 Un) and undervoltage protection (0.9 Un - Un),
· overfrequency and underfrequency protection (49.5 – 50.5 Hz),
· automatic shut-down after breakdown of low-voltage grid,
· activation in the parallel work with the grid after previous shut-down of power supply (outage) of the grid.

Metering place for calculation is determined according to voltage level (0.4 kV), peak connection power (up to 150 kW) and metering device characteristics. Metering device characteristics are: bidirectional interval, direct metering, metering of peak power, remote reading, accuracy rating for operating power is 1, accuracy rating for reactive power is 2, single-phase or three-phase depending on the connection.

For the quality of electricity, the requirements have been defined for maximal allowed factor value of total harmonic distortion (THD) of voltage of 2.5 % and maximal allowed index of flicker intensity. The value of index of flicker intensity caused by connection of producer and/or buyer on the takeover and/or delivery location can amount at most:
· for short-term flicker: 0.7,
· for long-term flicker: 0.5.

During trial run, it is necessary to execute certain testing such as:
· testing of prescribed values at activation and shut-down of the plant from parallel operation with the grid and testing the adjustments and activation of protection,
· inspection and check of stipulated power plant ratings,
· inspection and check of protocols for standard testing of inverter,
· testing of the system of operational and calculation metering.

The mentioned testing is used to determine the suitability of PV system for a parallel operation with the distribution grid. The final report on functional testing of parallel PV system has to show single-valued readiness of the plant for operation. 
[bookmark: _Toc379902313][bookmark: _Toc383179103][bookmark: _Toc393011807]Influence of PV system to the distribution grid
It is important to consider the influence of PV system on the distribution low-voltage grid when PV system operates in parallel with the grid. Therefore, it is necessary to execute the metering of the influence on the voltage quality, metering of current and voltage values. Parallel PV system plant and the distribution grid can cause certain alterations on the connection point but they are insignificant. According to the literature publishing data on influence of PV system on the distribution grid, it can be said that current and voltage states remain satisfying after the connection, and the power of three-pole short circuit is insignificantly increased. The value of harmonic distortion (THD) of voltage caused by the connection of a PV system amounts up to 2.5 % at the connection point.  
Metering the quality of electricity is done in accordance with standard EN 50106 which gives quantitative characteristics of voltage quality. It is assumed that the operation of a PV system of 150 kW does not affect negatively on the quality of electricity or voltage of the distribution grid.
[bookmark: _Toc379902314][bookmark: _Toc383179104][bookmark: _Toc393011808]Analysis of the possible technical and technological solutions for using solar energy to produce electricity for the gym of the high school in Bijeljina

Analysis of the possible technical and technological solutions for using solar energy to produce electricity for the gym of the high school in Bijeljina was done based on the options described in the chapter Analysis of architectural and construction options:
· Option a) Assessing the current condition of roof structures and estimate potential roof repairs in the future,
· Option b) Assessing the current condition of roof structures and possibility to install solar modules on the current roof without additional structural and repair works.

Option a)
Option a) the current condition of roof structures was determined and estimate of potential roof repairs in the future, The analysis of the architectural and construction options gave the following useful surfaces for the installation of solar modules:
· Roof plane in 10 rows to the south side:	718.0 m2
· Wall surface to the south side:		143.6 m2

Technical and technological solution for using solar energy to produce electricity for the gym of the high school has been done based on the calculated useful surfaces. Table 22 shows the basic calculations of technical and technological solution.
[bookmark: _Ref379806616][bookmark: _Toc379901457][bookmark: _Toc383179886]







[bookmark: _Toc393012997]Table 22. Basic calculation of technical and technological solution of option a)
	Total area where solar modules can be installed:
	861.6 m2

	Area of the roof plane in 10 rows to the south side:
	718.0 m2

	Length of the roof plane:
	35.9 m

	Number of solar modules which can be installed on the roof plane length:
	36

	Total number of modules that can be installed in 10 rows on the roof to the south side:
	360

	Wall plane area on the south side:
	143.6 m2

	Wall plane length on the south side:
	35.9 m

	Number of solar modules which can be installed on the wall plane length on the south side:
	36

	Total number of solar modules which can be installed on the wall plane on the south side:
	72

	Total number of modules which can be installed on the building:
	432

	The total power of the solar plant that can be installed on the building:
	103.68 kWp



According to acquired power of solar plant and technical characteristics of the solar module (Table 21) and technical characteristics of selected DC/AC inverter (Table 23) for mentioned installed power, it is possible to create the technical and technological solution. The technical and technological solution is consisted of five DC/AC inverters with power of 25 kW. The inverter has three DC inputs, and the design predicts to connect PV module and inverter in the following way:
· Two groups, each containing 17 PV modules are connected to the first input of inverters 1, 2, 3 and 4,
· Two groups, each containing 17 PV modules are connected to the second input of inverters 1, 2, 3 and 4,
· One group containing 17 PV modules is connected to the third input of inverters 1, 2, 3 and 4,
· Two groups, each containing 19 PV modules are connected to the first input of inverter 5,
· Two groups, each containing 18 PV modules are connected to the second input of inverter 5,
· One group containing 18 PV modules is connected to the third input of inverter 5.

In total, 432 PV modules can be connected to PV system power plant as shown in technical and technological solution in schedule 1.
[bookmark: _Ref379806583]
[bookmark: _Toc379901458][bookmark: _Toc383179887][bookmark: _Toc393012998]Table 23. Technical characteristics of DC/AC inverter
	Manufacturer and type of inverter
	Schuco 25k

	DC input data

	Power:
	25.2 kW

	Max. system voltage:
	1000 VDCc

	Voltage range:
	330 - 600 VDCc

	Rated current:
	3x27.4 A

	AC output data

	Power:
	25 kVA

	Rated voltage:
	230/400 V

	Rated current:
	39.9 A






Option b)
Option b) the current condition of roof structures has been assessed and possibility to install solar modules on the current roof without additional structural and repair works. The analysis of the architectural and construction options gave the following useful surfaces for the installation of solar modules:
· Roof plane in 4 rows on wall supports to the roof girders on the south side:	      287.2 m2
· Wall surface to the south side:							      143.6 m2

Technical and technological solution for using solar energy to produce electricity for the gym of the high school has been done based on the calculated useful surfaces. Table 24 shows the basic data of technical and technological solution.

[bookmark: _Ref379899995][bookmark: _Toc379901459][bookmark: _Toc383179888][bookmark: _Toc393012999]Table 24. Basic calculation of technical and technological solution of option b)
	Total area where solar modules can be installed:
	430.8 m2

	Roof plane area in 4 rows on wall supports to the roof girders on the south side:
	287.2 m2

	Length of the roof plane:
	35.9 m

	Number of solar modules which can be installed on the roof plane length:
	36

	Total number of modules that can be installed in 4 rows on wall supports to the roof girders on the south side
	144

	Wall plane area on the south side:
	143.6 m2

	Wall plane length on the south side:
	35.9 m

	Number of solar panels which can be installed on the wall plane length:
	36

	Total number of solar panels which can be installed on the wall plane on the south side:
	72

	Total number of modules which can be installed on the building:
	216

	The total power of the solar plant that can be installed on the building:
	51.84 kWp



According to acquired power of solar plant and technical characteristics of the solar module (Table 21) and technical characteristics of selected DC/AC inverter (Table 25) for mentioned installed power, it is possible to create the technical and technological solution. The technical and technological solution is consisted of two DC/AC inverters with power of 37.5 kW. The inverter has three DC inputs, and the design predicts to connect PV module and inverter in the following way:
· Two groups, each containing 18 PV modules are connected to the first input of inverters 1 and 2,
· Two groups, each containing 18 PV modules are connected to the second input of inverters 1 and 2,
· Two groups, each containing 18 PV modules are connected to the third input of inverters 1 and 2.

In total, 216 PV modules can be connected to PV system power plant as shown in technical and technological solution in schedule 2.
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Table 25. Technical characteristics of DC/AC inverter
	Manufacturer and type of inverter
	Schuco 35k

	DC input data

	Power:
	37.5 kW

	Max. system voltage:
	1000 VDCc

	Voltage range:
	350 - 800 VDCc

	Rated current:
	3x34 A

	AC output data

	Power:
	30 kVA

	Rated voltage:
	230/400 V

	Rated current:
	43.5 A



[bookmark: _Toc379902315][bookmark: _Toc383179105][bookmark: _Toc393011809]Analysis of the possible technical and technological solutions for using solar energy to produce electricity for elementary school Knez Ivo od Semberije in Bijeljina

Analysis of the possible technical and technological solutions for using solar energy to produce electricity for the gym of the high school in Bijeljina has been done based on the options described in the chapter Analysis of architectural and construction options:
· Option a) Replacement of roof covering, repair and reinforcement of roof structure,
· Option b) Assessment of the current condition of roof structure and possibility of solar modules installation on roof in current condition without additional structural and repair works.

Option a)
Option a) establishes the replacement of roof covering, repair and reinforcement of roof structure. The analysis of the architectural and construction options gave the following useful surfaces for the installation of solar modules:
· Roof plane of the school in 8+2 rows on the south side:		400.0 m2
· Roof plane of the gym on the south side:				264.0 m2

According to identified useful area, the technical and technological solution has been created concerning solar energy use for generation of electricity for Elementary School Knez Ivo od Semberije. Table 26 shows the basic calculations of technical and technological solution.
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Table 26. Basic calculations of technical and technological solution of option b)
	Total area where solar modules can be installed
	664.0 m2

	Area of roof plane in 8 rows on the south side
	368.0 m2

	Length of the roof plane
	23 m

	Number of solar modules which can be installed on the length of the roof plane
	23

	Total number of modules which can be installed in 8 rows on the roof on the south side
	184

	Area of roof plane in 2 rows on the south side
	32.0 m2

	Length of the roof plane
	8 m

	Number of solar modules which can be installed on the length of the roof plane
	8

	Total number of modules which can be installed in 2 rows on the roof on the south side
	16

	Area of the gym roof plane in 4 rows on the south side
	240.0 m2

	Length of the gym roof plane on the south side
	30 m

	Number of solar modules which can be installed on the length of the gym roof plane
	30

	Total number of solar modules which can be installed on the gym roof plane area in 4 rows on the south side
	120

	Area of roof plane in 2 rows on the south side
	24.0 m2

	Length of the gym roof plane on the south side:
	6 m

	Number of solar modules which can be installed on the length of the gym roof plane
	6

	Total number of solar modules which can be installed on the gym roof plane area in 2 rows on the south side
	12

	Total number of modules which can be installed on the building
	332

	Total power of the solar power plant which is possible to install
	79.68 kWp



According to acquired power of solar plant and technical characteristics of the solar module (Table 21) and technical characteristics of selected DC/AC inverter (Table 23 and Table 27) for mentioned installed power, it is possible to create the technical and technological solution. It consists of three DC/AC inverters with the power of 25 kW and one DC/AC inverter with the power of 12.5 kW. The inverter has three DC inputs, and the design predicts to connect PV module and inverters in the following way:
· Two groups, each containing 19 PV modules are connected to the first input of inverters 1, 2 and 3,
· Two groups, each containing 19 PV modules are connected to the second input of inverters 1, 2 and 3,
· One group containing 19 PV modules is connected to the third input of inverters 1, 2 and 3,
· One group containing 16 PV modules is connected to the first input of inverter 4.
· One group containing 16 PV modules is connected to the second input of inverter 4.
· One group containing 15 PV modules is connected to the third input of inverter 4,

In total, 332 PV modules can be connected to PV system power plant as shown in technical and technological solution in schedule 3.
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Table 27. Technical characteristics of DC/AC inverter
	Manufacturer and type of inverter
	Schuco 14k

	DC input data

	Power:
	14.0 kW

	Max. system voltage:
	1000 VDCc

	Voltage range:
	330 - 800 VDCc

	Rated current:
	2x18,6 A

	AC output data

	Power:
	12.5 kVA

	Rated voltage:
	230/400 V

	Rated current:
	18.1 A



Option b)
Option b) determines the assessment of the current condition of roof structure and possibility of solar modules installation on roof in current condition without additional structural and repair works. The analysis of the architectural and construction options gave the following useful surfaces for the installation of solar modules:
· Roof plane of the school with 4+1 rows on the south side:	200.0 m2
· Roof plane of the gym on the south side:				144.0 m2

According to identified useful area, the technical and technological solution has been created concerning solar energy use for generation of electricity for Elementary School Knez Ivo od Semberije. Table 28 shows the basic calculations of technical and technological solution.

[bookmark: _Ref379877468][bookmark: _Toc379901463][bookmark: _Toc383179892][bookmark: _Toc393013003]Table 28. Basic calculations of technical and technological solution of option b)
	Total area where solar modules can be installed
	344 m2

	Area of roof plane in 4 rows on the south side
	184.0 m2

	Length of the roof plane
	23 m

	Number of solar modules which can be installed on the length of the roof plane
	23

	Total number of modules which can be installed in 4 rows on the south side
	92

	Area of roof plane with 1 row on the south side
	16.0 m2

	Length of the roof plane
	8 m

	Total number of solar modules which can be installed in 1 row on the south side
	8

	Area of roof plane in 2 rows on the south side
	120.0 m2

	Length of the gym roof plane on the south side
	30 m

	Number of solar modules which can be installed on the length of the gym roof plane
	30

	Total number of solar modules which can be installed on the gym roof plane area in 2 rows on the south side
	60

	Area of roof plane in 2 rows on the south side
	24.0 m2

	Length of the gym roof plane on the south side
	6 m

	Number of solar modules which can be installed on the length of the gym roof plane
	6

	Total number of solar modules which can be installed on the gym roof plane area in 2 rows on the south side
	12

	Total number of modules which can be installed on the building
	172

	Total power of the solar power plant which is possible to install on the building
	41.28 kWp



According to acquired power of solar plant and technical characteristics of the solar module (Table 21) and technical characteristics of selected DC/AC inverter (Table 23) for mentioned installed power, it is possible to create the technical and technological solution. It consists of two DC/AC inverters with power of 25 kW. The inverter has three DC inputs, and the design predicts to connect PV module and inverters in the following way:
· Two groups, each containing 18 PV modules are connected to the first input of inverter 1,
· Two groups, each containing 18 PV modules are connected to the second input of inverter 1,
· One group containing 18 PV modules is connected to the third input of inverter 1,
· Two groups, each containing 19 PV modules are connected to the first input of inverter 2,
· Two groups, each containing 18 PV modules are connected to the second input of inverter 2,
· One group containing 18 PV modules is connected to the third input of inverter 2,

In total, 172 PV modules can be connected to PV system power plant as shown in technical and technological solution in schedule 4.
[bookmark: _Toc379902316][bookmark: _Toc383179106][bookmark: _Toc393011810]Analysis of the possible technical and technological solutions for using solar energy to produce electricity for elementary school and gym Dvorovi in Bijeljina

Analysis of the possible technical and technological solutions for using solar energy to produce electricity for the elementary school and gym in Dvorovi has been done based on the determined surface for the installation of solar modules in the chapter Analysis of architectural and construction options:
· Roof plane of the school on the southeast and southwest:	112 m2
· Roof plane of the gym with the supports on secondary girders:	248 m2

According to identified useful areas, the only possible technical and technological solution has been created for using solar energy to produce electricity. Table 29 shows the basic calculations of possible technical and technological solution.

[bookmark: _Ref379900050][bookmark: _Toc379901464][bookmark: _Toc383179893][bookmark: _Toc393013004]Table 29. Basic calculations of technical and technological solution
	Total area where solar modules can be installed
	360.0 m2

	Area of the roof plane on the southeast and southwest
	112.0 m2

	Lengths of the roof planes on the southeast and southwest
	(15+20+9+12) m

	Total number of solar modules which can be installed on the roof plane
	55

	Area of the roof plane of the gym with the supports on secondary girders in 4 rows
	186.0 m2

	Length of the roof plane of the gym with the supports on secondary girders in 4 rows
	31 m

	Number of solar modules which can be installed on the length of the gym roof plane with supports on secondary girders in 4 rows
	31

	Total number of solar modules which can be installed on the gym roof plane with supports on secondary girders in 4 rows
	124

	Total number of modules which can be installed on the building
	179

	Total power of the solar power plant which is possible to install
	42.96 kWp



According to acquired power of solar plant and technical characteristics of the solar module (Table 21) and technical characteristics of selected DC/AC inverter (Table 23) for mentioned installed power, it is possible to create the technical and technological solution. It consists of two DC/AC inverters with power of 25 kW. The inverter has three DC inputs, and the design predicts to connect PV module and inverters in the following way:
· Two groups, each containing 19 PV modules are connected to the first input of inverter 1,
· Two groups, each containing 19 PV modules are connected to the second input of inverter 1,
· One group containing 19 PV modules is connected to the third input of inverter 1,
· Two groups, each containing 19 PV modules are connected to the first input of inverter 2,
· Two groups, each containing 19 PV modules are connected to the second input of inverter 2,
· One group containing 18 PV modules is connected to the third input of inverter 2,

In total, 179 PV modules can be connected to PV system power plant as shown in technical and technological solution in schedule 5.
[bookmark: _Toc379902318][bookmark: _Toc383179107][bookmark: _Toc393011811]Analysis of the possible technical and technological solutions for using solar energy to produce electricity for elementary school "Janko Veselinović" Crna Bara

Analysis of the possible technical and technological solutions for using solar energy to produce electricity for the elementary school "Janko Veselinović" in Crna Bara in the Municipality of Bogatić has been done based on the determined surface for the installation of solar modules in the chapter Analysis of architectural and construction options:
· Roof plane south:						  96.0 m2
· Roof plane east - with mounting substructure system:		123.2 m2

According to identified useful areas, the only possible technical and technological solution has been created. Table 30 shows the basic calculations of possible technical and technological solution.

[bookmark: _Ref379900933][bookmark: _Toc379901466][bookmark: _Toc383179894][bookmark: _Toc393013005]Table 30. Basic calculations of technical and technological solution
	Total area where solar modules can be installed
	219.2 m2

	Roof plane south
	96.0 m2

	Length of the south roof plane
	(12+16+20) m

	Total number of solar modules which can be installed on the south roof plane
	48

	Area of the roof plane east - with mounting substructure system
	123.2 m2

	Length of the roof plane east - with mounting substructure system
	14x4,4 m

	Total number of solar modules which can be installed on the east roof plane - with mounting substructure system
	56

	Total number of modules which can be installed on the building
	104

	Total power of the solar power plant which is possible to install
	24.96 kWp



According to acquired power of solar plant and technical characteristics of the solar module (Table 21) and technical characteristics of selected DC/AC inverter (Table 23) for mentioned installed power, it is possible to create the technical and technological solution. It consists of one DC/AC inverter with power of 25 kW. The inverter has three DC inputs, and the design predicts to connect PV module and inverters in the following way:
· Two groups, each containing 17 PV modules are connected to the first input of the inverter,
· Two groups, each containing 17 PV modules are connected to the second input of the inverter,
· Two groups, each containing 18 PV modules are connected to the third input of the inverter.

In total, 104 PV modules can be connected to PV system power plant as shown in technical and technological solution in schedule 6.
[bookmark: _Toc379902319][bookmark: _Toc383179108][bookmark: _Toc393011812]Analysis of the possible technical and technological solutions for using solar energy to produce electricity for elementary school "Laza Lazarević" Salaš Crnobarski

Analysis of the possible technical and technological solutions for using solar energy to produce electricity for the elementary school "Laza Lazarević" Salaš Crnobarski in the Municipality of Bogatić has been done based on the determined surface for the installation of solar modules in the chapter Analysis of architectural and construction options:
· Roof plane of the school:		79 m2

According to identified useful areas, the only possible technical and technological solution has been created, and Table 31 shows the basic calculations of the technical and technological solution.

[bookmark: _Ref379901220][bookmark: _Toc379901467][bookmark: _Toc383179895][bookmark: _Toc393013006]
Table 31. Basic calculations of technical and technological solution
	Total area where solar modules can be installed
	79.0 m2

	Lengths of the roof planes on the southeast and southwest
	(12+10+7.5+2x5) m

	Total number of solar modules which can be installed on the roof plane
	39

	Total power of the solar power plant which is possible to install
	9.36 kWp



According to acquired power of solar plant and technical characteristics of the solar module (Table 21) and technical characteristics of selected DC/AC inverter (Table 27) for mentioned installed power, it is possible to create the technical and technological solution consisting of two DC/AC inverters with the power of 12.5 kW. The inverter has three DC inputs, and the design predicts to connect PV module and inverters in the following way:
· One group containing 13 PV modules is connected to the first input of the inverter,
· One group containing 13 PV modules is connected to the second input of the inverter,
· One group containing 13 PV modules is connected to the third input of the inverter.

In total, 39 PV modules can be connected to PV system power plant as shown in technical and technological solution in schedule 7.
[bookmark: _Toc379902317][bookmark: _Toc383179109][bookmark: _Toc393011813]Analysis of the possible technical and technological solutions for using solar energy to produce electricity for elementary school "Nikola Tesla" Dublje in Bogatić

Analysis of the possible technical and technological solutions for using solar energy to produce electricity for the elementary school "Nikola Tesla" Dublje in the Municipality of Bogatić has been done based on the determined surface for the installation of solar modules in the chapter Analysis of architectural and construction options:
· Roof plane of the school:			214.8 m2
· Roof plane of the children's gym:		  76.0 m2

According to identified useful areas, the only possible technical and technological solution has been created for using solar energy to produce electricity. Table 32 shows the basic calculations of possible technical and technological solution.

[bookmark: _Ref379900584][bookmark: _Toc379901465][bookmark: _Toc383179896][bookmark: _Toc393013007]
Table 32. Basic calculations of technical and technological solution
	Total area where solar modules can be installed
	290.8 m2

	Area of the roof plane of the school
	214.8 m2

	Lengths of the roof planes of the school
	(37+16x4.4) m

	Total number of solar modules which can be installed on the roof plane of the school
	101

	Area of the roof plane of the children's gym
	76.0 m2

	Lengths of the roof planes of the children's gym
	(4x8 + 6) m

	Total number of solar modules which can be installed on the roof plane of the children's gym
	38

	Total number of modules which can be installed on the building
	139

	Total power of the solar power plant which is possible to install
	33.36 kWp



According to acquired power of solar plant and technical characteristics of the solar module (Table 21) and technical characteristics of selected DC/AC inverter (Table 25) for mentioned installed power, it is possible to create the technical and technological solution. The technical and technological solution is consisted of one DC/AC inverter with power of 37.5 kW. The inverter has three DC inputs, and the design predicts to connect PV module and inverters in the following way:
· Two groups, each containing 23 PV modules are connected to the first input of inverter 1,
· Two groups, each containing 23 PV modules are connected to the second input of inverter 1,
· One group containing 23 PV modules and one group containing 24 PV modules are connected to the third input of the inverter 1.

In total, 139 PV modules can be connected to PV system power plant as shown in technical and technological solution in schedule 8.
[bookmark: _Toc383179110][bookmark: _Toc393011814]
Analysis of the possible technical and technological solutions for using solar energy to produce thermal energy

Analysis of the possible technical and technological solutions for using solar energy to produce thermal energy has been considered in accordance with the needs for thermal energy for heating the buildings, as well as heating sanitary water.

After the analysis of all buildings, the following has been determined:
· Central heating system has been installed in all the considered buildings and all buildings have their own boiler rooms or the boiler rooms used for the heating of the building and another building that is not a part of this project,
· The heating system in the buildings is based on radiators, except in the gyms, where radiators and fan heaters have been installed,
· Distribution consists of two pipes and projected temperature of the medium is 90/70°C,
· Central preparation of sanitary water has not been installed in any of the considered buildings,
· Fuel used by boilers is coal and wood mostly, except for Elementary school "Nikola Tesla" Dublje, where the heating oil is used as energy source.

Next, the possible technical and technological solutions for using solar energy to produce thermal energy shall be analysed for the considered buildings. This analysis is based on the analysis of architectural and construction possibilities of solar collectors installation, according to thermal energy needs of the building, and in accordance with technical characteristics of solar collectors.
According to their construction, solar collectors can be:
· flat plate, and 
· evacuated-tube.

In the following text, characteristics of flat plate and evacuated- tube solar collectors are given, so the analysis of possibility of installation in all 6 buildings will be executed according to both options.
[bookmark: _Toc380993651][bookmark: _Toc383179111][bookmark: _Toc393011815]Flat plate solar collectors
[bookmark: _Toc380936850]
There are many manufacturers of flat plate solar collectors. For the analysis in this study, a flat plate collector CPK 7210N Alu (flat plate) has been selected, because the previous experience has shown that this equipment is the best sold and the most attractive considering the quality on the market of the Western Balkans.

Flat-plate collectors of series CPK 7210N Alu represent a modern product of high quality and modern design. They are primarily intended for systems of heating hot water and for swimming pools and central heating systems with accumulation of heat. Flat plate collectors type CPK 7210N Alu are made of quality materials which gives them long life of exploitation in all weather conditions. By application of highly efficient selective coatings and one absorber plate over the entire collector’s surface, the best possible heat transfer is achieved due to maximal exploitation of collector’s surface.

Characteristics of flat plate collector CPK 7210N Alu are as follows:
· Using the most modern way of welding by means of laser, the register of copper tubes is attached to aluminium plate coated with highly efficient selective coating whereby the effect of thermal plate is achieved,
· Aluminium plate is placed over the entire collector’s surface and this prevents the occurrence of air turbulence and unnecessary energy loss,
· Upper distributing pipe is blocked on the half of its length and two passages for the working medium through the collector are achieved,
· Collector casing is made of aluminium in the shape of bed and then dry-sealed by pressing without using silicone,
· Solar glass, with thickness of 3.2 mm is sealed by rubber gasket,
· Because of methodical flow system, the collector has only two upper 1” connections,
· Interconnection of collectors is performed using prepared union flat joints,
· By using the assembly kit (additional equipment) it is possible to install the collector on the roof as free standing on special mounting system, 
· The proven mounting system provides simple, safe and quality installation in the shortest possible time,
· The collector can be installed only in vertical position,
· Maximum of 6 flat plate collectors can be connected in a series,
· By installing the collectors in the system of heating domestic water (on the storage tank STEB), water for pools and central heating systems (on storage tank CAS-S, -BS) the fuel needed for conventional energy sources is saved and at the same time there is less pollution of the environment.

The following image shows the flat plate collector type CPK 7210N Alu.
[image: plocasti]
[image: cpk-alu]
[bookmark: _Toc383179562][bookmark: _Toc393011986]Image 99. Flat plate collector
[bookmark: _Toc380993652][bookmark: _Toc383179112][bookmark: _Toc393011816]Evacuated-tube solar collectors
[bookmark: _Toc380936852]
There are many manufacturers of evacuated-tube solar collectors. For the analysis in this study, an evacuated-tube collector CVSKC-10 (evacuated-tube) has been selected, because the previous experience has shown that this equipment is the best sold and has the most attractive price considering the quality on the market of the Western Balkans.
The solar market requires the technology with high efficiency even when the conditions are less favourable and therefore the evacuated-tube solar collector has been constructed. The evacuated-tube collectors of CVSKC-10 series show their strength when the flat plate collectors lose their effectiveness – at reduced radiation, that is, in the situations of large temperature changes. The collector tubes are evacuated and energy loss is prevented, and under the tubes, there are reflective parabolic mirrors which direct the radiation to the entire absorber area, thereby increasing the efficiency of the collector.
Characteristics of the evacuated-tube collector type CVSKC-10:
· Highly-efficient evacuated-tube collector with 10 tubes and 1.84 m2 of gross area,
· Vacuum is inside the glass tube with double wall, so gaskets which were the weakness of evacuated technology are not needed,
· Absorbers are coated with highly efficient selective coating and they surround the copper tubes that are placed inside the evacuated tube made of borosilicate glass,
· Collector tubes are placed inside a waterproof aluminium casing,
· Under each tube, there is a reflective parabolic mirror that enables the use of the whole tube, that is, absorber surface, which is very significant during transitional periods and low angles of sun radiation,
· Maximal steady temperature of the collector is 286°C,
· Installation is easy because there is already incorporated frame on the collector,
· The collector is installed using a mounting kit (additional equipment) on the roof or on the standalone stand,
· By installing the collectors in the system of heating domestic water (on the storage tank STEB), water for pools and central heating systems (on storage tank CAS-S, -BS) the fuel needed for conventional energy sources is saved and at the same time there is less pollution of the environment.
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[bookmark: _Toc383179563][bookmark: _Toc393011987]Image 100. Evacuated-tube collector – dimensions/geometry (left), markings and cross-section (right)





Technical characteristics of the selected solar collectors are given in the following tables.
[bookmark: _Toc383179897][bookmark: _Toc393013008]Table 33. Technical characteristics of a flat plate collector
	Flat plate solar collector 721ON Alu

	Gross area
	(m2)
	2.1

	Aperture area
	(m2)
	1.8

	Absorber area
	(m2)
	1.8

	Absorber material
					Alu sheet plate with selective coating 

	Absorption coefficient 
	(%)
	95

	Emission coefficient 
	(%)
	5

	Optical efficiency 
	(%)
	77.9

	Coefficient of heat loss k1
	W/( m2K)
	3.914

	Coefficient of heat loss k2
	W/( m2K)
	0.012

	Pipe registers
	(mm)
	Φ8 x 0.4

	Collecting pipes
	(mm)
	Φ22 x 0.8

	Absorber volume
	(l)
	1,4

	Transparent  cover
					3.2 mm tempered solar glass

	Transmission
	(%)
	90

	Number of connections 
	
	2

	Connections  
	(R)
	1’’

	Max. operating pressure
	(bar)
	10

	Stagnation temperature
	(°C)
	199

	Insulation
					40 mm rockwool

	Collector height
	(mm)
	2032

	Collector width
	(mm)
	1031

	Collector thickness
	(mm)
	94

	Collector weught
	(kg)
	32

	System liquid
	Mixture of glycol and water


[bookmark: _Toc383179898][bookmark: _Toc393013009]
Table 34. Technical characteristics of an evacuated-tube collector
	Evacuated-tube solar collector CVSKC-10

	Number of tubes
	(piece)
	10

	Gross area
	(m2)
	1.84

	Aperture Area
	(m2)
	1.6

	Absorber area
	(m2)
	1.6

	Absorber volume
	(l)
	1.63

	Collector height
	(mm)
	1645

	Collector width
	(mm)
	1115

	Collector thickness
	(mm)
	107

	Collector weight
	(kg)
	31

	Evacuated -tube material
					Borosilicate glass

	Absorption coefficient
	(%)
	96±1

	Emission coefficient
	(%)
	6±1

	Optical efficiency  
	(%)
	60.5

	Coefficient of heat loss k1  
	W/( m2K)
	0.850

	Coefficient of heat loss k2
	W/( m2K)
	0.010

	Absorber insulation 
					Vacuum

	Collector insulation
	(mm)
	75 mm  mineral wool

	Copper pipes
	(mm)
	Φ8 x 0.5

	Collecting pipes
	(mm)
	Φ18 x 1

	Number of connections 
	(kom)
	2

	Connections 
		(R)
	3/4’’

	Max. operating pressure
	(bar)
	10

	Stagnation temperature
	(°C)
	286

	Glass reflection   
	(%)
	95

	System liquid
	Mixture of glycol and water



Besides the above mentioned, the analysis included the possibilities of connecting the solar system installations with existing heating installation in each of the buildings, as well as installations for preparing sanitary hot water.
In the further text, there is an analysis of possibility of installation of solar panels on each of the buildings, as well as analysis of the condition of the existing heating installations in each of the buildings and possibility of adjusting the existing installations for installation of solar heating for each of six selected buildings.
[bookmark: _Toc380993653]Concerning the fact that gross area of evacuated-tube and flat plate solar panels is approximately equal, which means that the dimensions of the panels are similar, an equal number of evacuated-tube and plat plate solar panels is adopted for all buildings.

[bookmark: _Toc380993654][bookmark: _Toc383179113][bookmark: _Toc393011817]Analysis of the possible technical and technological solutions for using solar energy to produce thermal energy for the gym of the high school in Bijeljina

Analysis of the possible technical and technological solutions for using solar energy to produce thermal energy for the gym of the high school "Filip Višnjić" in Bijeljina was done based on the options described earlier:
· Option a) Assessing the current condition of roof structures and estimate potential roof repairs in the future,
· Option b) Assessing the current condition of roof structures and possibility to install solar collectors on the current roof without additional structural and repair works.

Option a)
Option a) the current condition of roof structures was determined and estimate of potential roof repairs in the future, The analysis of the architectural and construction options gave the following useful surfaces for the installation of solar collectors:
· Roof plane in 10 rows to the south side:		718.0 m2
· Wall surface to the south side:			143.6 m2

Technical and technological solution for using solar energy to produce thermal energy for the gym of the high school has been done based on the calculated useful surfaces. The following table shows the basic calculations of technical and technological solution.

[bookmark: _Toc383179899][bookmark: _Toc393013010]Table 35. Basic calculation of technical and technological solution of option a)
	Total area where solar collectors can be installed:
	861.6 m2

	Roof plane in 10 rows to the south side:
	718.0 m2

	Length of the roof plane
	35.9 m

	Number of solar collectors which can be installed on the roof plane length
	25

	Total number of collectors that can be installed in 10 rows on the roof to the south side
	250

	Wall plane area on the south side
	143.6 m2

	Wall plane length on the south side
	35.9 m

	Number of solar collectors which can be installed on the wall plane length on the south side
	25

	Total number of solar collectors which can be installed on the wall plane on the south side
	50

	Total number of solar collectors which can be installed on the building
	300



It can be seen in the table that it is possible to install 250 solar collectors on the building roof, while on the wall it is possible to install 50 solar collectors.

Solar collectors are installed by forming solar arrays first, and then those arrays are connected with the rest of installation. In this case, the solar array consists of 5 collectors and 5 solar arrays are installed in one row (on the roof or on the wall of the building). Since there are 10 rows on the roof and two on the wall, the total number of installed arrays is 10x5+2x5 = 60 arrays.

The number of arrays is important for defining the necessary number of the accompanying equipment (shutting-off fittings), and those are the valves that connect an array to the solar heating pipeline, ventilation valves, as well as exhaust valves. In addition to the fittings, number and dimensions of solar arrays are needed in order to define the suspension-connection material.

Considering the fact that the absorption areas of the flat plate and evacuated-tube collectors are different, both versions of data on absorption area of the installed collectors are given in the following part of the document.

Option a - flat plate collectors
Absorption area of the flat plate collectors is:

Paps pl uk = n x Papspl, where
Paps pl uk - total absorption area,
n - number of installed collectors.

Papspl = 1.8 m2 - absorption area of one flat plate collector
Paps pl uk =300 x 1.8 m2 = 540 m2.

Therefore, it is possible to install 300 flat plate solar collectors on the building, connected into 50 collector arrays, with total absorption area of 540 m2.


Option a - evacuated-tube collectors
Absorption area of the evacuated-tube collectors is:

Paps vak uk = n x Papsvak, where
Paps vak uk - total absorption area,
n - number of installed collectors.

Paps vak = 1,6 m2 - absorption surface of one evacuated-tube collector,
Paps pl uk =300 x 1.6 m2 = 480 m2.

Therefore, it is possible to install 300 evacuated-tube solar collectors on the building, connected into 50 collector arrays, with total absorption area of 480 m2.

Option b)
Option b) the current condition of roof structure has been assessed and possibility to install solar collectors on the current roof without additional structural and repair works. The analysis of the architectural and construction options gave the following useful area for the installation of solar collectors:
· Roof plane in 4 rows on wall supports to the roof girders on the south side:	        287.2 m2
· Wall surface to the south side:							        143.6 m2

Technical and technological solution for using solar energy to produce thermal energy for the gym of the high school has been done based on the calculated useful surfaces. The following table shows the basic data of technical and technological solution.
[bookmark: _Toc383179900][bookmark: _Toc393013011][bookmark: _Toc380993431]Table 36. Basic calculation of technical and technological solution of option b)
	Total area where solar modules can be installed:
	430.8 m2

	Roof plane area in 4 rows on wall supports to the roof girders on the south side
	287.2 m2

	Length of the roof plane
	35.9 m

	Number of solar collectors which can be installed on the roof plane length
	25

	Total number of collectors that can be installed in 4 rows on wall supports to the roof girders on the south side
	100

	Wall plane area on the south side
	143.6 m2

	Wall plane length on the south side
	35.9 m

	Number of solar collectors which can be installed on the wall plane length
	25

	Total number of solar panels which can be installed on the wall plane on the south side
	50

	Total number of collectors which can be installed on the building
	150



It can be seen in the table that it is possible to install 100 solar collectors on the building roof, while on the wall it is possible to install 50.

In this case, the solar array consists of 5 collectors and 5 solar arrays are installed in one row (on the roof or on the wall of the building). Since there are four rows planned on the roof and two on the wall, the total number of installed arrays is 4x5+2x5 = 30 arrays.

Option b - flat plate collectors
Absorption area of the flat plate collectors is:

Paps pl uk = n x Papspl, where
Paps pl uk - total absorption area,
n - number of installed collectors.

Papspl = 1.8 m2 - absorption area of one flat plate collector
Paps pl uk =150 x 1.8 m2 = 270 m2.

Therefore, it is possible to install 150 flat plate solar collectors on the building, connected into 30 collector arrays, with total absorption area of 270 m2.

Option b - evacuated-tube collectors
Absorption area of the evacuated-tube collectors is:

Paps vak uk = n x Papsvak, where
Paps vak uk - total absorption area,
n - number of installed collectors.

Paps vak = 1.6 m2 - absorption surface of one evacuated-tube collector
Paps pl uk =150 x 1.6 m2 = 240 m2.

Therefore, it is possible to install 150 evacuated-tube solar collectors on the building, connected into 30 collector arrays, with total absorption area of 240 m2.



Description of the current central heating system installations 
Central heating installations in the building consists of heating bodies and pipe network. The installations are connected with the installations in the boiler room through a pipeline. Heating bodies are flat plate radiators and heating fans. Radiators are installed in the lower zone of the walls and exclusively intended for heating of the space. Heating fans are put in the window cases and intended to work with fresh and circulated air. Air ventilation is achieved using fans (fresh air supply inside the building). Fans and radiators are attached to one pipeline made of black steel pipes. The pipeline goes through the corridors placed below the ceiling, and then it goes down the side wall and goes under the foundation where it goes out of the building. The pipeline further goes through the channel to the building’s boiler room which is a part of the building of the high school "Filip Višnjić".
In the boiler room, there are three hot water boilers type NEO VULKAN III, heated by solid fuel (wood and coal). One boiler has a power of 250 kW and total installed power is 750 kW. The boiler room is intended for heating of both high school and the gym. In the boiler room, there are distribution pipe and collection point where installations are divided for the high school and the gym. Circulation pumps with accompanied fittings are installed on each of the pipelines. The following images show the condition of the heating installation in the building, as well as the boiler room installations.
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[bookmark: _Toc383179564][bookmark: _Toc393011988]Image 101. Gym area with heating bodies shown (radiators and fans)
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[bookmark: _Toc383179565][bookmark: _Toc393011989]Image 102. Boiler room installations
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[bookmark: _Toc383179566][bookmark: _Toc393011990]Image 103. Disposition of the boiler room and the gym

Total installed power of the gym amounts to 324 kW, and average annual consumption of coal for the heating of the gym is 100 t (data given by the installation user on the spot). The installation is designed to operate in the 90/70°C heating system regime.

Description of the hot water installation - current condition
Sanitary facilities are made in the building and shower cabins are installed in them – areas with showers and there are 8 of them in the building. The preparation of hot water is central in the boiler with installed electric heater with power of 12 kW. The boiler is not combined and not connected to the central heating system.

Description of solar system installation
In order to install the solar installations consisting of solar collectors, solar drive group (circulation pump, expansion vessel, metering equipment and fittings – valves and similar), accumulation tank for hot water, pipeline and regulation equipment, it is necessary to execute the following:
· Determine the location of the technical room in the building, 
· Adapt the current installation for installation of solar installations and execute the connection with accumulation tanks,
· Install the accumulation tanks,
· Install the solar collectors,
· Connect the solar collectors to the accumulation tanks through a pipeline, install complete equipment (circulation pumps, expansion vessel, metering equipment, fittings),
· Take all necessary actions in order to make the system functional.
[bookmark: _Toc380993655][bookmark: _Toc383179114][bookmark: _Toc393011818]Analysis of the possible technical and technological solutions for using solar energy to produce thermal energy for the elementary school "Knez Ivo od Semberije" in Bijeljina

Analysis of the possible technical and technological solutions for using solar energy to produce thermal energy for the gym of the high school "Filip Višnjić" was done based on the options described in the chapter Analysis of architectural and construction options:
· Option a) Replacement of the roof covering, sanation and strengthening of the roof structure,
· Option b) Assessing the current condition of roof structures and possibility to install solar collectors on the current roof without additional structural and repair works.
Option a)
Option a) Replacement of the roof covering, sanation and strengthening of the roof structure were determined, The analysis of the architectural and construction options gave the following useful area for the installation of solar collectors:
· Roof plane of the school in 8 + 2 rows on the south side: 		400.0 m2
· Roof plane of the gym on the south side:		 		264.0 m2

Technical and technological solution for using solar energy to produce thermal energy for the elementary school Knez Ivo od Semberije has been done based on the calculated useful surfaces. The following table shows the basic calculations of technical and technological solution.
[bookmark: _Toc383179901][bookmark: _Toc393013012][bookmark: _Toc380993432]Table 37. Basic calculation of technical and technological solution of option a)
	Total area where solar modules can be installed:
	664.0 m2

	Roof plane in 8 rows to the south side:
	368.0 m2

	Length of the roof plane
	23 m

	Number of solar collectors which can be installed on the roof plane length
	18

	Total number of collectors that can be installed in 8 rows on the roof to the south side
	144

	Roof plane in 2 rows to the south side:
	32.0 m2

	Length of the roof plane
	8 m

	Number of solar collectors which can be installed on the roof plane length
	6

	Total number of collectors that can be installed in 2 rows on the roof to the south side
	12

	Roof plane in 4 rows to the south side
	240.0 m2

	Roof plane length of the gym on the south side:
	30 m

	Number of solar collectors which can be installed on the roof plane length
	24

	Total number of solar collectors which can be installed on the roof plane area of thy gym in 4 rows to the south side
	96

	Roof plane in 2 rows to the south side
	24.0 m2

	Roof plane length of the gym on the south side:
	6 m

	Number of solar collectors which can be installed on the roof plane length of the gym
	4

	Total number of solar collectors which can be installed on the roof plane area of thy gym in 2 rows to the south side
	8

	Total number of collectors which can be installed on the building
	260


It can be seen from the table and the design that it is possible to install 240 solar collectors on the school roof, and 12 collectors on the gym roof.

In this case, the solar array consists of 6 collectors and 3 solar arrays are installed in one row on the roof of the school. There are 8 such rows planned plus two rows each containing two solar arrays.
On the gym roof in two equal rows, 4 solar arrays shall be installed and on the small roof there shall be two more solar arrays, each containing 4 solar collectors.

The total number of installed arrays is 8x3+2x1+4x4+2x1 = 44 arrays.

Option a - flat plate collectors
Absorption area of the flat plate collectors is:

Paps pl uk = n x Papspl, where
Paps pl uk - total absorption area,
n - number of installed collectors.

Papspl = 1.8 m2 - absorption area of one flat plate collector
Paps pl uk =260 x 1.8 m2 = 468 m2.

Therefore, it is possible to install 260 flat plate solar collectors on the building, connected into 36 collector arrays, with total absorption area of 468 m2.

Option a - evacuated-tube collectors
Absorption area of the evacuated-tube collectors is:

Paps vak uk = n x Papsvak, where
Paps vak uk - total absorption area,
n - number of installed collectors.

Paps vak = 1.6 m2 - absorption surface of one evacuated-tube collector
Paps pl uk =260 x 1.6 m2 = 416 m2.

Therefore, it is possible to install 260 evacuated-tube solar collectors on the building, connected into 36 collector arrays, with total absorption area of 416 m2.
Option b)
Option b) the current condition of roof structures has been assessed and possibility to install solar collectors on the current roof without additional structural and repair works. The analysis of the architectural and construction options gave the following useful area for the installation of solar collectors:
· Roof plane of the school in 4 + 1 rows on the south side:	200.0 m2
· Roof plane of the gym on the south side:			144.0 m2

Technical and technological solution for using solar energy to produce thermal energy for the elementary school Knez Ivo od Semberije has been done based on the calculated useful surfaces. The following table shows the basic calculations of technical and technological solution.

[bookmark: _Toc383179902][bookmark: _Toc393013013][bookmark: _Toc380993433]






Table 38. Basic calculation of technical and technological solution of option b)
	Total area where solar modules can be installed:
	344 m2

	Roof plane in 4 rows to the south side:
	184.0 m2

	Length of the roof plane
	23 m

	Number of solar collectors which can be installed on the roof plane length
	18

	Total number of collectors that can be installed in 4 rows to the south side
	72

	Roof plane area in 1 row to the south side:
	16.0 m2

	Length of the roof plane
	8 m

	Total number of solar collectors that can be installed in 1 row to the south side
	6

	Roof plane in 2 rows to the south side
	120.0 m2

	Roof plane length of the gym on the south side
	30 m

	Number of solar collectors which can be installed on the roof plane length of the gym
	24

	Total number of solar collectors which can be installed on the roof plane area of thy gym in 2 rows to the south side
	48

	Roof plane in 2 rows to the south side
	24.0 m2

	Roof plane length of the gym on the south side
	6 m

	Number of solar collectors which can be installed on the roof plane length of the gym
	4

	Total number of solar collectors which can be installed on the roof plane area of thy gym in 2 rows to the south side
	8

	Total number of collectors which can be installed on the building
	134



It can be seen from the table and the layout of the solar collectors that it is possible to install 240 solar collectors on the school roof, and 12 collectors on the gym roof.

In this case, the solar array consists of 6 collectors and 3 solar arrays are installed in one row on the roof of the school. There are 8 such rows planned plus two rows each containing two solar arrays. On the gym roof in two equal rows, 4 solar arrays shall be installed and on the small roof there shall be two more solar arrays, each containing 4 solar collectors.

The total number of installed arrays is 4x3+1x1+2x4+2x1 = 23 arrays.

Option b - flat plate collectors
Absorption area of the flat plate collectors is:

Paps pl uk = n x Papspl, where
Paps pl uk - total absorption area,
n - number of installed collectors.

Papspl = 1.8 m2 - absorption area of one flat plate collector
Paps pl uk =134 x 1.8 m2 = 244.8 m2.

Therefore, it is possible to install 134 flat plate solar collectors on the building, connected into 23 collector arrays, with total absorption area of 241.2 m2.


Option b - evacuated-tube collectors
Absorption area of the evacuated-tube collectors is:

Paps vak uk = n x Papsvak, where
Paps vak uk - total absorption area,
n - number of installed collectors.

Paps vak = 1.6 m2 - absorption surface of one evacuated-tube collector
Paps pl uk =134 x 1.6 m2 = 217.6 m2.

Therefore, it is possible to install 134 evacuated-tube solar collectors on the building, connected into 23 collector arrays, with total absorption area of 214.4 m2.

Description of the current central heating system installations 
Central heating system is installed in the building. The school and the gym are heated by radiators. Radiators are powered by pipe network, made of black steel pipes. The main distribution pipe goes through the installation channel in the hall, from where the individual branches are separated.

Heating of the school and the gym is done from their own boiler room using solid fuel. The installed boilers are EKO CKS 380, with maximal power of 380 kW for one boiler. The annual consumption of the energy source is 120 tonnes of coal and 20 m3 of wood (the data is obtained on the site from the installation user). The replacement of the old hot water boilers NEOVULKAN III type by new boilers has been done in the boiler room. The installation is designed to operate in the 90/70°C heating system regime.

The following images show the condition of the heating installation in the building, as well as the boiler room installations.
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[bookmark: _Toc383179567][bookmark: _Toc393011991]Image 104. Boilers and equipment in the boiler room
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[bookmark: _Toc383179568][bookmark: _Toc393011992]Image 105. Layout of the boiler room and the gym

[bookmark: _Toc380993656][bookmark: _Toc383179115][bookmark: _Toc393011819]Analysis of the possible technical and technological solutions for using solar energy to produce thermal energy for the elementary school and gym in Dvorovi

Analysis of the possible technical and technological solutions for using solar energy to produce thermal energy for the elementary school and gym in Dvorovi has been done based on the determined surface for the installation of solar collectors in the chapter Analysis of architectural and construction options:
· The roof plane of the school in the south-east and south-west:		112 m2
· The roof plane of the gym with support on the secondary trusses:	248 m2

Technical and technological solution for using solar energy to produce thermal energy for the elementary school and gym in Dvorovi has been done based on the calculated useful surfaces. The following table shows the basic calculations of technical and technological solution.
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Table 39. Basic calculation of technical and technological solution
	Total area where solar modules can be installed:
	360.0 m2

	Area of roof plane in the south-east and south-west
	112.0 m2

	Length of roof planes in the south-east and south-west
	(15+20+9+12) m

	Total number of solar collectors which can be installed on the roof plane
	46

	Area of the gym roof plane with supports on secondary trusses in 4 rows
	186.0 m2

	Length of the gym roof plane with supports on secondary trusses in 4 rows
	31 m

	Number of solar collectors which can be installed within the length of the gym roof plane with supports on secondary trusses in 4 rows
	24

	Total number of solar collectors which can be installed on the gym roof plane with supports on secondary trusses in 4 rows
	96


	Total number of collectors which can be installed on the building
	142



It can be seen from the table and the design that it is possible to install 46 solar collectors on the school roof, and 96 collectors on the gym roof.

In this case the rows on the school roof are of different lengths, therefore the arrays are divided into arrays with 5 and arrays with 6 collectors. Total of 6 arrays each containing 6 collectors and 2 arrays each containing 5 collectors are installed on the school roof. On the gym roof all rows are the same and each array contains 6 collectors. There are 16 arrays each containing 6 collectors installed.

Both roofs have 6+2+16 = 24 arrays installed.

Option - flat plate collectors
Absorption area of the flat plate collectors is:

Paps pl uk = n x Papspl, where
Paps pl uk - total absorption area,
n - number of installed collectors.

Papspl = 1.8 m2 - absorption area of one flat plate collector
Paps pl uk =142 x 1.8 m2 = 255.6 m2.

Option - evacuated-tube collectors
Absorption area of the evacuated-tube collectors is:

Paps vak uk = n x Papsvak, where
Paps vak uk - total absorption area,
n - number of installed collectors.

Paps vak = 1.6 m2 - absorption area of one evacuated-tube collector
Paps pl uk =142 x 1.6 m2 = 227.2 m2.

Therefore, it is possible to install 142 evacuated-tube solar collectors, connected into 24 collector arrays, with total absorption area of 227.2 m2.


Description of the current central heating system installations 
Both buildings are heated using own solid fuel boiler room, located next to the school building. There are two boilers installed in the boiler room, one of which is "Stilmetal" of maximum power of 250 kW, and the other has the maximum power of Q = 120 kW, a product of "Radijator" Kraljevo. The annual consumption of energy source is 70 tonnes of coal and 20 m3 of wood (the data on wood consumption is obtained on the site). The following images show the boiler room installations and the layout of the buildings.
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[bookmark: _Toc383179569][bookmark: _Toc393011993]Image 106. Layout and appearance of the boiler room
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[bookmark: _Toc383179570][bookmark: _Toc393011994]Image 107. Boiler room installations

Description of the hot water installation - current condition
The school doesn't have central preparation of hot water. Heating of sanitary water is performed using small boilers with the capacity of V = 80 litres with electric heater of 2 kW.

[bookmark: _Toc380993658][bookmark: _Toc383179116][bookmark: _Toc393011820]Analysis of the possible technical and technological solutions for using solar energy to produce thermal energy for the elementary school "Janko Veselinović" in Crna Bara

Analysis of the possible technical and technological solutions for using solar energy to produce thermal energy for the elementary school "Janko Veselinović" in Crna Bara has been done based on the determined surface for the installation of solar collectors in the chapter Analysis of architectural and construction options:
· South roof plane:						  96.0 m2
· East roof plane - with mounting substructure system:	123.2 m2

One possible technical and technological solution for using solar energy to produce thermal energy for the elementary school "Janko Veselinović" in Crna Bara has been done based on the calculated useful surfaces. The following table shows the basic calculations of possible technical and technological solution.

[bookmark: _Toc383179904][bookmark: _Toc393013015][bookmark: _Toc380993436]Table 40. Basic calculation of technical and technological solution
	Total area where solar modules can be installed:
	219.2 m2

	South roof plane
	96.0 m2

	Length of the south roof plane
	(12+16+20) m

	Total number of solar collectors which can be installed on the south roof plane
	35

	Area of the east roof plane - with mounting substructure system
	123.2 m2

	Length of the east roof plane - with mounting substructure system
	14x4,4 m

	Total number of solar collectors which can be installed on the east roof plane - with mounting substructure system
	42

	Total number of collectors which can be installed on the building
	77



It can be seen from the table and the design that it is possible to install 77 solar collectors on the building roof.

In this case it is planned to install rows of different lengths, therefore the arrays are divided as follows: 14 arrays each containing 3 collectors, 2 arrays each containing 4 collectors, 3 arrays each containing 5 collectors, and 2 arrays each containing 6 collectors.

The building roof has 14+2+3+2 = 21 arrays installed.

Option - flat plate collectors
Absorption area of the flat plate collectors is:

Paps pl uk = n x Papspl, where
Paps pl uk - total absorption area,
n - number of installed collectors.

Papspl = 1.8 m2 - absorption area of one flat plate collector
Paps pl uk =77 x 1.8 m2 = 138 m2.

Therefore, it is possible to install 77 flat plate solar collectors on the building, connected into 21 collector arrays, with total absorption area of 138 m2.


Option - evacuated-tube collectors
Absorption area of the evacuated-tube collectors is:

Paps vak uk = n x Papsvak, where
Paps vak uk - total absorption area,
n - number of installed collectors.

Paps vak = 1.6 m2 - absorption area of one evacuated-tube collector
Paps pl uk =77 x 1.6 m2 = 123.2 m2.

Therefore, it is possible to install 142 evacuated-tube solar collectors on the building, connected into 21 collector arrays, with total absorption area of 123.2 m2.

Description of the current central heating system installations 
The school is heated using own solid fuel boiler room. Two boilers type NEO VULKAN with the power of 250 kW are installed. The annual consumption of coal is 60 tonnes (the data is obtained on the site). The school is heated using radiators. Radiators are powered by pipe network, made of steel pipes. The main distribution pipe goes through the hall under the ceiling, from where the individual branches are separated. The boiler room installation are located inside the building separated from the school building. The outer distribution pipe from the boiler room to the school building is underground. The installation is designed to operate in the 90/70°C heating system regime.

The following images show the boiler room building, layout of the buildings and layout of the boilers.
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[bookmark: _Toc383179571][bookmark: _Toc393011995]Image 108. Boiler room building and installations
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[bookmark: _Toc383179572][bookmark: _Toc393011996]Image 109. Layout of the boiler room building

Description of the hot water installation - current condition
The school doesn't have central preparation of hot water. Heating of sanitary water is performed using small boilers with the capacity of V = 80 litres with electric heater of 2 kW.
[bookmark: _Toc380993659][bookmark: _Toc383179117][bookmark: _Toc393011821]Analysis of the possible technical and technological solutions for using solar energy to produce thermal energy for the elementary school "Laza Lazarević" in Salaš Crnobarski

Analysis of the possible technical and technological solutions for using solar energy to produce thermal energy for the elementary school "Laza Lazarević" in Salaš Crnobarski has been done based on the determined surface for the installation of solar collectors in the chapter Analysis of architectural and construction options:
· School roof plane:		79 m2

One possible technical and technological solution for using solar energy to produce thermal energy for the elementary school "Laza Lazarević" in Salaš Crnobarski has been done based on the calculated useful surfaces. The following table shows the basic calculations of technical and technological solution.

[bookmark: _Toc383179905][bookmark: _Toc393013016][bookmark: _Toc380993437]Table 41. Basic calculation of technical and technological solution
	Total area where solar modules can be installed
	79.0 m2

	Length of roof planes in the south-east and south-west
	(12+10+7.5+2x5) m

	Total number of solar collectors which can be installed on the roof plane
	30



It can be seen from the table and the design that it is possible to install 30 solar collectors on the building roof.

In this case it is planned to install rows of different lengths, therefore the arrays are divided as follows: 1 array containing 4 collectors, 4 arrays each containing 4 collectors, and 1 array containing 6 collectors.

It is planned to install 2+2+1+1 = 6 arrays on the building roof.


Option - flat plate collectors
Absorption area of the flat plate collectors is:

Paps pl uk = n x Papspl, where
Paps pl uk - total absorption area,
n - number of installed collectors.

Papspl = 1.8 m2 - absorption area of one flat plate collector
Paps pl uk =30 x 1.8 m2 = 54 m2.

Therefore, it is possible to install 30 flat plate solar collectors on the building, connected into 6 collector arrays, with total absorption area of 54 m2.

Option - evacuated-tube collectors
Absorption area of the evacuated-tube collectors is:

Paps vak uk = n x Papsvak, where
Paps vak uk - total absorption area,
n - number of installed collectors.

Paps vak = 1.6 m2 - absorption area of one evacuated-tube collector
Paps pl uk =30 x 1.6 m2 = 48 m2.

Therefore, it is possible to install 30 evacuated-tube solar collectors on the building, connected into 6 collector arrays, with total absorption area of 48 m2.

Description of the current central heating system installations 
The school is heated using own solid fuel boiler room. The installed boiler has the power of 50 kW, and is manufactured by Radijator Kraljevo. The annual consumption of the energy source is 20 tonnes of coal and 8 m3 of wood (the data is obtained on the site). The building is heated using radiators. The pipe network is made of black steel pipes. The following images show the layout of the boiler room building and appearance of the boiler.
 (
boiler room
)[image: ]        [image: 101_3070]
[bookmark: _Toc383179573][bookmark: _Toc393011997]Image 110. Layout of the boiler room building and appearance of the boiler
Description of the hot water installation - current condition
The school doesn't have central preparation of hot water. Heating of sanitary water is performed using small boilers with the capacity of V = 80 litres with electric heater of 2 kW.
[bookmark: _Toc380993657][bookmark: _Toc383179118][bookmark: _Toc393011822]Analysis of the possible technical and technological solutions for using solar energy to produce thermal energy for the elementary school "Nikola Tesla" in Dublje

Analysis of the possible technical and technological solutions for using solar energy to produce thermal energy for the elementary school "Nikola Tesla" in Dublje has been done based on the determined surface for the installation of solar collectors in the chapter Analysis of architectural and construction options:
· School roof plane:			214.8 m2
· Children's gym roof plane:		  76.0 m2

One possible technical and technological solution for using solar energy to produce thermal energy for the elementary school "Nikola Tesla" in Dublje has been done based on the calculated useful surfaces. The following table shows the basic calculations of the possible technical and technological solution.





[bookmark: _Toc383179906][bookmark: _Toc393013017][bookmark: _Toc380993435]Table 42. Basic calculation of technical and technological solution
	Total area where solar modules can be installed:
	290.8 m2

	Area of the school roof plane
	214.8 m2

	Length of the school roof planes
	(37+16x4.4) m

	Total number of solar collectors which can be installed on the school roof plane
	72

	Area of the children's gym roof plane
	76.0 m2

	Length of the children's gym roof planes
	(4x8 + 6) m

	Total number of solar collectors which can be installed on the children's gym roof plane
	30

	Total number of collectors which can be installed on the building
	102



It can be seen from the table and the design that it is possible to install 72 solar collectors on the school roof, and 30 collectors on the gym roof.

In this case it is planned to install formed arrays each containing three collectors (16 in total) and arrays each containing 6 collectors (4 in total). 5 arrays each containing 6 collectors have been installed on the gym roof.

Both roofs have 8+8+4+5 = 25 arrays installed.

Option - flat plate collectors
Absorption area of the flat plate collectors is:

Paps pl uk = n x Papspl, where
Paps pl uk - total absorption area,
n - number of installed collectors.

Papspl = 1.8 m2 - absorption area of one flat plate collector
Paps pl uk =102 x 1.8 m2 = 183.6 m2.

Therefore, it is possible to install 102 flat plate solar collectors on the building, connected into 25 collector arrays, with total absorption area of 183.6 m2.

Option - evacuated-tube collectors
Absorption area of the evacuated-tube collectors is:

Paps vak uk = n x Papsvak, where
Paps vak uk - total absorption area,
n - number of installed collectors.

Paps vak = 1.6 m2 - absorption area of one evacuated-tube collector
Paps pl uk =102 x 1.6 m2 = 163.2 m2.

Therefore, it is possible to install 102 evacuated-tube solar collectors on the building, connected into 25 collector arrays, with total absorption area of 163.2 m2.

Description of the current central heating system installations
The school is heated using own boiler room. The installed boilers are MIP 205 with the power of 250 kW, which use liquid fuel - heating oil. The annual consumption of heating oil is 20 m3 (the data is obtained on the site). Heating inside the building is realized using radiators. The pipe network is made of black steel pipes.

The following images show the layout of the building and boiler room installations - boiler and oil burner.
 (
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[bookmark: _Toc383179574][bookmark: _Toc393011998]Image 111. Boiler room installations with the layout of the building

Description of the hot water installation - current condition
The school doesn't have central preparation of hot water. Heating of sanitary water is performed using small boilers with the capacity of V = 80 litres with electric heater of 2 kW.

[bookmark: _Toc383179119][bookmark: _Toc393011823]
Calculation of the expected electricity production
[bookmark: _Toc383179120][bookmark: _Toc393011824]Introduction and basic parameters

PV system designing is commonly done based on its annual electricity production. Reliable models and methods are necessary for the calculation of the annual electricity production of a PV system, considering the stochastic nature of solar radiation and the large number of influencing factors. In order to design Grid Connected PV Systems, it is necessary to have a good knowledge of solar energy resources, characteristics of all system elements and the environmental conditions. The calculation of solar energy resources is performed based on the measurements and calculation of insulation on the surface which is planned for the installation of modules.

The starting point for determining the performance of the system for the known input power of radiation is indicated by the DC power output of PV modules at standard conditions (irradiance "one sun", i.e. 1 kWh/m2, the coefficient of air mass AM 1.5, cell temperature 25 0C, and the modules have to be completely cleaned). In real exploitation conditions the power PAC transferred to the grid by the PV system is lower than the PDC output power of the module at standard conditions, due to the losses, i.e. the efficiency of the conversion:

 					(1)
where:
 - factor which defines the lowering of efficiency due to the soiling of module, 
 - factor which defines due to the mismatching,
 factor of increasing module temperature compared to the standard value of 250C,
 - factor which defines the efficiency of inverter.

At "one sun" irradiance the result of these losses can reduce the output power by 20-40% compared to PDC. An inverter's efficiency varies depending on the workload. Grid connected inverters have efficiency over 90%. Mismatching of modules causes reduction of the output power of modules connected in parallel, because the current-voltage characteristics of the modules are not identical. In order to have the efficiency of the system as high as possible, the modules should have the characteristics that are as similar as possible. In order to determine the efficiency of the module at different ambient conditions it is necessary to calculate the temperature of the module. The temperature of the module is dominantly affected by the power of the Sun radiation and conditions of cooling, i.e. the wind.

The manufacturer defines the temperature for each module at nominal conditions of exploitation (NOCT -  Nominal Operation Cell Temperature). NOCT is the temperature of the module at ambient temperature of 200C, solar irradiance of 800 W/m2, wind speed of 1 m/s. Based on the NOCT information it is possible to estimate the cell (module) temperature:

 					 (2)
where:
 - temperature of solar modules,
 - temperature of the ambient,
 - solar irradiance at the module surface.

When the daily, monthly or annual average irradiance is known (kWh/m2) at the location of the analysed PV system, it is relatively easy to estimate the production of electricity. If a calculated daily insolation for a location is, for example, 5.6 kWh/m2/day, regarding the electricity production in a PV system installed at that location can be observed as if there is a "one sun" irradiance (1 kWh/m2) for 5.6 h/day or 5.6 hours of the "sun's zenith". The energy on the AC connections of the PV system at standard irradiance of "one sun" can be calculated by multiplying the calculated irradiance with the number of sun's zenith, thus getting the total expected production energy:

 				(3)
where:
 - energy produced by the system in one day,
 - daily average insolation on the module,
 - area of the module,
 - average system efficiency during the day.

At the irradiance of "one sun", AC power of the PV system is:

 				(4)
where:
 - efficiency of the system at irradiance of "one sun".

By combining the two previous equations we get:

 				(5)

If we assume that the daily average efficiency of the system is equal to the efficiency when the irradiance is "one sun", then the electricity transferred to the distribution system is:

 		(6)

The main assumption in the previous equation is that the efficiency of the system remains constant throughout the day. This assumption is realistic if the PV system has a device for optimizing the working point, or MPPT (Maximal Power Point Tracking), which in all conditions ensures that the system is operating at maximum power point. Since the strength of the maximum power point is directly proportional to irradiance, system efficiency is usually constant. 

The effect of changes in temperature and air mass also affect the efficiency of conversion, but the errors are relatively small due to their daily variations. Efficiency would be slightly above average in the morning when it's cooler and when irradiation is lower, but these effects are largely compensated by averaging. Given that the maximum insolation occurs in periods of the day when the temperature is on maximum, the average of the maximum daily temperatures should be used when analysing monthly electricity production of a PV system. A common and simple way to show the efficiency of energy production of any system for production of electricity is by displaying its AC power and capacity factors. The capacity factor is usually defined on an annual basis, but can be defined on a daily, weekly and monthly basis. The following equation shows the relationship between daily produced electricity and capacity factors on a daily basis (CF - Capacity Factor):

 				(7)

By combining the previous equations the capacity factor for network-connected PV systems can be easily defined:

 					(8)

Given the stochastic nature of solar radiation on the earth's surface, analysis of production of PV modules can be done using statistical methods. Statistical analysis of the production of PV modules can be performed on the basis of typical seasonal diagrams of module generation power. Daily diagrams of production power of PV systems can be obtained from measured values ​​of irradiation on the PV module, surface of the module A and the overall efficiency of the PV system fu:

  					(9)

Taking into account the factors of , , ,  and efficiency of the modules , the overall efficiency of the PV system , an be expressed as:
 					(10)

Statistical analysis of daily diagrams of production power can determine a typical seasonal day or typical seasonal diagrams of production power of the system. For each day of the period considered, the typical values are determined from the daily production power diagrams. The typical values are the maximum daily production power Pmax and average daily production power Psr:
 				(11)

 					(12)

where:
 - represents the number of measurements of insolation during the day, or the number of values ​​that define the daily production power diagram of a PV system.
Maximum power determine the thermal workload on power lines and transformers. Average daily power is essential for the assessment of voltage drops, power factors and the level of reactive power compensation. Average values of the typical values are determined for all days (mathematical expectation) and probable lower and upper limits of these values (limits of the confidence interval).
[bookmark: _Toc380093684][bookmark: _Toc383179121][bookmark: _Toc393011825]Photovoltaic Geographical Information System

To estimate the expected production, beside the above mentioned statistical and mathematical method, there is  computer technology, i.e. the computer software that is more and more accessible every day and simpler to use by wider range of users, and which contain the previously mentioned statistical and mathematical relations. Notable commercial computer software that is used to estimate the expected electricity production of PV systems are: PVGIS, HOMER, PV SOL, SMA Off-Grid Configurator and many more. For the calculation of the solar radiation and the expected electricity production in the area of the considered buildings, the Photovoltaic Geographical Information System will be used (Photovoltaic Geographical Information System - PVGIS).

PVGIS provides a list of solar energy resources and assessment of production of electricity by PV systems based on the geographical map of Europe, Africa and South-west Asia. It is a part of "SOLAREC" (Solar Electricity Action) action contributing to the implementation of renewable energy in the EU as a sustainable and long-term energy source.

[image: ]
[bookmark: _Toc380093691][bookmark: _Toc383179575][bookmark: _Toc393011999]Image 112. Input graphical interface

Across Europe there are hundreds of weather stations where the solar radiation is measured directly or indirectly. The types of data stored in the PVGIS database for European subcontinent contains three groups of layers with resolution of 1 km x 1 km:

· Geographical information: digital elevation model, administrative boundaries, cities,

· Spatially continuous climatic data:
· daily irradiance on a horizontal plane
· ratio of diffuse to global irradiance
· optimal inclination angle for PV modules to maximize energy yield

· Regional averages for built-up areas:
· annual total of irradiance (horizontal, vertical and optimally inclined surfaces)
· annual total of estimated solar electricity production (horizontal, vertical and optimally inclined surfaces)
· optimum inclination angle of the PV modules to maximize energy yield over a year.

By using the PVGIS software it is possible to obtain the following information (on solar radiation for a given area and electricity production for a given PV system):

·  - daily solar irradiation on a horizontal plane (Wh/m2),
·  - daily solar irradiation on an optimally inclined plane (Wh/m2),
·  - monthly optimal inclination angle (°),
·  - average daily electricity production from the given system (kWh),
·  - average monthly electricity production from the given system (kWh),
·  - average daily sum of global irradiation per square meter received by the modules of the given system (Wh/m2),
·  - average sum of global irradiation per square meter received by the modules of the given system (Wh/m2),

The data on solar irradiation for the considered buildings (gym of the high school "Filip Višnjić", elementary school "Knez Ivo od Semberije" and elementary school "Dvorovi") in Bijeljina are the same and were taken from PVGIS database (Table 43).

[bookmark: _Ref380080049][bookmark: _Toc380093698][bookmark: _Toc383179907][bookmark: _Toc393013018]Table 43. Data on solar irradiation in the area of ​​the considered buildings in Bijeljina
	Month
	Hh (Wh/m2)
	Hopt (Wh/m2)
	H(900) (Wh/m2)
	Iopt (0)
	T24h (0C)

	January
	1130
	1680
	1650
	60
	0.8

	February
	1950
	2740
	2500
	55
	3.1

	March
	3390
	4260
	3300
	45
	7.3

	April
	4710
	5210
	3200
	30
	12.2

	May
	5700
	5730
	2840
	17
	17.3

	June
	6270
	6000
	2630
	11
	20.4

	July
	6320
	6200
	2820
	15
	22.2

	August
	5620
	6060
	3350
	26
	22.0

	September
	3900
	4730
	3390
	40
	17.3

	October
	2650
	3740
	3320
	54
	13.5

	November
	1500
	2360
	2380
	62
	7.5

	December
	1030
	1460
	1410
	59
	1.9

	Annual average
	3690
	4190
	2730
	33
	12.1



The data on solar irradiation for the considered buildings in the municipality of Bogatić (elementary school "Janko Veselinović" Crna Bara, elementary school "Laza Lazarević" Salaš Crnobarski and elementary school "Nikola Tesla" Dublje) were taken from PVGIS database and shown in the following tables.
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Table 44. The data on solar irradiation for the elementary school "Janko Veselinović" Crna Bara
	Month
	Hh(Wh/m2)
	Hopt(Wh/m2)
	H(900)(Wh/m2)
	Iopt(0)
	T24h(0C)

	January
	1160
	1750
	1720
	61
	0.7

	February
	2020
	2890
	2650
	56
	3.0

	March
	3480
	4410
	3420
	45
	7.2

	April
	4810
	5330
	3280
	30
	12.2

	May
	5820
	5840
	2900
	17
	17.4

	June
	6340
	6050
	2670
	11
	20.5

	July
	6390
	6250
	2850
	15
	22.2

	August
	5660
	6100
	3380
	26
	22.0

	September
	3950
	4810
	3450
	40
	17.2

	October
	2680
	3830
	3380
	54
	13.4

	November
	1520
	2420
	2440
	62
	7.4

	December
	1120
	1570
	1500
	58
	1.8

	Annual average
	3760
	4280
	2800
	34
	12.1
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Table 45. The data on solar irradiation for the elementary school "Laza Lazarević" Salaš Crnobarski
	Month
	Hh (Wh/m2)
	Hopt (Wh/m2)
	H(900) (Wh/m2)
	Iopt (0)
	T24h (0C)

	January
	1150
	1720
	1690
	61
	0.7

	February
	2010
	2860
	2600
	56
	3.1

	March
	3460
	4360
	3380
	45
	7.2

	April
	4790
	5310
	3260
	30
	12.2

	May
	5810
	5820
	2890
	17
	17.4

	June
	6320
	6030
	2660
	11
	20.5

	July
	6370
	6230
	2840
	15
	22.2

	August
	5660
	6090
	3370
	26
	22.0

	September
	3930
	4800
	3440
	40
	17.3

	October
	2680
	3820
	3370
	54
	13.4

	November
	1510
	2420
	2440
	63
	7.5

	December
	1080
	1520
	1450
	59
	1.9

	Annual average
	3740
	4250
	2780
	34
	12.1
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Table 46. The data on solar irradiation for the elementary school "Nikola Tesla" Dublje
	Month
	Hh (Wh/m2)
	Hopt (Wh/m2)
	H(900) (Wh/m2)
	Iopt (0)
	T24h (0C)

	January
	1130
	1690
	1650
	61
	0.8

	February
	1950
	2780
	2520
	56
	3.1

	March
	3400
	4280
	3310
	45
	7.2

	April
	4730
	5230
	3210
	30
	12.2

	May
	5760
	5760
	2860
	17
	17.4

	June
	6270
	5980
	2630
	11
	20.5

	July
	6330
	6180
	2820
	15
	22.2

	August
	5630
	6050
	3350
	26
	22.0

	September
	3920
	4780
	3420
	40
	17.3

	October
	2660
	3800
	3360
	54
	13.4

	November
	1500
	2400
	2420
	62
	7.5

	December
	986
	1420
	1370
	59
	1.9

	Annual average
	3700
	4200
	2740
	34
	12.1


[bookmark: _Toc380093685][bookmark: _Toc383179122][bookmark: _Toc393011826]Calculation of expected electricity production for the gym of the high school "Filip Višnjić"

Calculation of electricity production for the gym of the high school "Filip Višnjić" in Bijeljina has been done based on the options given in the chapter Analysis of possible technical and technological solution for using solar energy to produce electricity:
· Option a) Assessing the current condition of roof structures and estimate potential roof repairs in the future,
· Option b) Assessing the current condition of roof structures and possibility to install solar modules on the current roof without additional structural and repair works.

The data on the intensity of solar irradiation mentioned in the previous chapter are necessary for the calculation of the expected electricity production of PV systems. 


The high school gym is located at:
· 44,77	north latitude and
· 19,227	east longitude.

Option a)
The calculated total power of the solar plant that can be installed on the building is 103.68 kWp. On the basis of the possible installed power, the PVGIS software was used to assess the electricity production for PV system installed at fixed angle of 33°.
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	Month
	Ed (kWh)
	Em (kWh)
	Hd (kWh/m2)
	Hm (kWh/m2)

	January
	144
	4460
	1.68
	52

	February
	230
	6430
	2.74
	76.8

	March
	344
	10700
	4.26
	132

	April
	409
	12300
	5.21
	156

	May
	438
	13600
	5.73
	178

	June
	451
	13500
	6.00
	180

	July
	463
	14300
	6.20
	192

	August
	455
	14100
	6.06
	188

	September
	366
	11000
	4.73
	142

	October
	298
	9230
	3.74
	116

	November
	196
	5880
	2.36
	70.8

	December
	125
	3880
	1.46
	45.3

	Monthly average
	327
	9950
	4.19 
	127

	TOTAL
	119380
	1530



Option b)
The calculated total power of the solar plant that can be installed on the building is 51.84 kWp. On the basis of the possible installed power, the PVGIS software was used to assess the electricity production for PV system installed at fixed angle of 33°.
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	Month
	Ed (kWh)
	Em (kWh)
	Hd (kWh/m2)
	Hm (kWh/m2)

	January
	72
	2230
	1.68
	52

	February
	115
	3220
	2.74
	76.8

	March
	172
	5330
	4.26
	132

	April
	204
	6130
	5.21
	156

	May
	219
	6790
	5.73
	178

	June
	225
	6760
	6.00
	180

	July
	231
	7170
	6.20
	192

	August
	228
	7060
	6.06
	188

	September
	183
	5490
	4.73
	142

	October
	149
	4620
	3.74
	116

	November
	98
	2940
	2.36
	70.8

	December
	62.5
	1940
	1.46
	45.3

	Monthly average
	164 
	4970 
	4.19 
	127

	TOTAL
	59680
	1530




The following image shows the differences of expected electricity production between option a) and option b) after the assessment.
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Calculation of electricity production for the for the elementary school "Knez Ivo od Semberije" in Bijeljina has been done based on the options given in the chapter Analysis of possible technical and technological solutions for using solar energy to produce electricity:
· Option a) Replacement of the roof covering, sanation and strengthening of the roof structure,
· Option b) Assessing the current condition of roof structures and possibility to install solar modules on the current roof without additional structural and repair works.

The data on the intensity of solar irradiation showed in the Table 1 are necessary for the calculation of the expected electricity production of PV systems. 

Elementary school Knez Ivo od Semberije is located at:
· 44,758	north latitude and
· 19,205	east longitude.
Option a)
The calculated total power of the solar plant that can be installed on the building is 79.68 kWp. On the basis of the possible installed power, the PVGIS software was used to assess the electricity production for PV system installed at fixed angle of 34°.
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Table 49. Data on electricity production for the PV system of the elementary school "Knez Ivo od Semberije" - option a)
	Month
	Ed (kWh)
	Em (kWh)
	Hd (kWh/m2)
	Hm (kWh/m2)

	January
	111
	3430
	1.68
	52.0

	February
	177
	4960
	2.75
	77.1

	March
	264
	8180
	4.25
	132

	April
	314
	9410
	5.20
	156

	May
	337
	10400
	5.73
	178

	June
	348
	10400
	6.02
	181

	July
	356
	11000
	6.20
	192

	August
	350
	10800
	6.06
	188

	September
	281
	8420
	4.72
	142

	October
	228
	7070
	3.73
	116

	November
	150
	4490
	2.34
	70.3

	December
	96
	2980
	1.46
	45.2

	Monthly average
	251 
	7640 
	4.19 
	127 

	TOTAL
	91700 
	1530



Option b)
The calculated total power of the solar plant that can be installed on the building is 41.28 kWp. On the basis of the possible installed power, the PVGIS software was used to assess the electricity production for PV system installed at fixed angle of 34°.
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	Month
	Ed (kWh)
	Em (kWh)
	Hd (kWh/m2)
	Hm (kWh/m2)

	January
	57.3
	1780
	1.68
	52.0

	February
	91.8
	2570
	2.75
	77.1

	March
	137
	4240
	4.25
	132

	April
	162
	4870
	5.20
	156

	May
	175
	5410
	5.73
	178

	June
	180
	5400
	6.02
	181

	July
	184
	5710
	6.20
	192

	August
	181
	5620
	6.06
	188

	September
	145
	4360
	4.72
	142

	October
	118
	3660
	3.73
	116

	November
	77.5
	2330
	2.34
	70.3

	December
	49.7
	1540
	1.46
	45.2

	Monthly average
	130
	3960
	4.19 
	127 

	TOTAL
	47500
	1530




The following image shows the differences of expected electricity production between option a) and option b) after the assessment.
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The calculation of expected electricity production for the elementary school and gym "Dvorovi" has been done based on the useful surface on which solar modules can be installed, mentioned in the chapter Analysis of possible technical and technological solutions for using solar energy to produce electricity. The data on the intensity of solar irradiation necessary for the calculation of the expected electricity production of PV systems are shown in Table 43.

The elementary school "Dvorovi" with the gym is located at:
· 44,758	north latitude, and
· 19,205	east longitude. 

The calculated total power of the solar plant that can be installed on the building is 42.96 kWp. On the basis of the possible installed power, the PVGIS software was used to assess the electricity production for PV system installed at fixed angle of 34°.
[bookmark: _Ref380093475][bookmark: _Toc380093703][bookmark: _Toc383179915][bookmark: _Toc393013026]
Table 51. Data on electricity production for the PV system of the elementary school and gym "Dvorovi“
	Month
	Ed (kWh)
	Em (kWh)
	Hd (kWh/m2)
	Hm (kWh/m2)

	January
	59.8
	1860
	1.68
	52.2

	February
	96.2
	2690
	2.77
	77.7

	March
	144
	4450
	4.28
	133

	April
	170
	5090
	5.23
	157

	May
	181
	5610
	5.72
	177

	June
	186
	5570
	5.97
	179

	July
	190
	5900
	6.15
	191

	August
	188
	5830
	6.05
	187

	September
	152
	4560
	4.74
	142

	October
	124
	3840
	3.75
	116

	November
	81
	2450
	2.37
	71.1

	December
	51.5
	1600
	1.45
	45

	Monthly average
	135
	4120
	4.19 
	127

	TOTAL
	49400
	1530



The following image shows the expected electricity production after the assessments.

[bookmark: _Toc380093694][bookmark: _Toc383179578][bookmark: _Toc393012002]Image 115. Display of the expected electricity production
[bookmark: _Toc380093689][bookmark: _Toc383179125][bookmark: _Toc393011829]Calculation of expected electricity production for the elementary school "Janko Veselinović" Crna Bara

The calculation of expected electricity production for the elementary school "Janko Veselinović" Crna Bara has been done based on the useful surface on which solar modules can be installed, mentioned in the chapter Analysis of possible technical and technological solutions for using solar energy to produce electricity.

The elementary school "Janko Veselinović" Crna Bara is located at:
· 44,793	north latitude and
· 19,523	east longitude.

The data on the intensity of solar irradiation necessary for the calculation of the expected electricity production of PV system for the elementary school "Janko Veselinović" Crna Bara were taken from the PVGIS database and were showed earlier.

The calculated total power of the solar plant that can be installed on the building is 33.36 kWp. On the basis of the possible installed power, the PVGIS software was used to assess the electricity production for PV system installed at fixed angle of 33°.

[bookmark: _Ref380093559][bookmark: _Toc380093707][bookmark: _Toc383179916][bookmark: _Toc393013027]Table 52. Data on electricity production for the PV system of the elementary school "Janko Veselinović" Crna Bara
	Month
	Ed (kWh)
	Em (kWh)
	Hd (kWh/m2)
	Hm (kWh/m2)

	January
	35.9
	1110
	1.74
	53.9

	February
	58
	1620
	2.88
	80.6

	March
	85.6
	2650
	4.40
	136

	April
	101
	3020
	5.33
	160

	May
	108
	3340
	5.86
	182

	June
	110
	3300
	6.08
	182

	July
	113
	3490
	6.28
	195

	August
	110
	3420
	6.11
	189

	September
	89.4
	2680
	4.80
	144

	October
	72.9
	2260
	3.81
	118

	November
	48.1
	1440
	2.41
	72.2

	December
	32.2
	997
	1.56
	48.4

	Monthly average
	80.4 
	2450
	4.28 
	130

	TOTAL
	29300
	1560


The following image shows the expected electricity production after the assessments.


[bookmark: _Toc380093696][bookmark: _Toc383179579][bookmark: _Toc393012003]Image 116. Display of the expected electricity production

[bookmark: _Toc380093690][bookmark: _Toc383179126][bookmark: _Toc393011830]Calculation of expected electricity production for the elementary school "Laza Lazarević" Salaš Crnobarski

The calculation of expected electricity production for the elementary school "Laza Lazarević" Salaš Crnobarski has been done based on the useful surface on which solar modules can be installed, mentioned in the chapter Analysis of possible technical and technological solutions for using solar energy to produce electricity.

The elementary school "Laza Lazarević" Salaš Crnobarski is located at:
· 44,793	north latitude and
· 19,523	east longitude.

The data on the intensity of solar irradiation necessary for the elementary school "Laza Lazarević" Salaš Crnobarski were taken from the PVGIS database and were showed earlier. The calculated total power of the solar plant that can be installed on the building is 9.36 kWp. On the basis of the possible installed power, the PVGIS software was used to assess the electricity production for PV system installed at fixed angle of 34°.

[bookmark: _Ref380093617][bookmark: _Toc380093709][bookmark: _Toc383179917][bookmark: _Toc393013028]Table 53. Data on electricity production for the PV system of the elementary school "Laza Lazarević" Salaš Crnobarski
	Month
	Ed (kWh)
	Em (kWh)
	Hd (kWh/m2)
	Hm (kWh/m2)

	January
	13.2
	410
	1.71
	53.0

	February
	21.5
	602
	2.84
	79.6

	March
	31.8
	985
	4.35
	135

	April
	37.6
	1130
	5.32
	159

	May
	40.3
	1250
	5.84
	181

	June
	41.1
	1230
	6.06
	182

	July
	42.1
	1310
	6.25
	194

	August
	41.3
	1280
	6.10
	189

	September
	33.5
	1000
	4.79
	144

	October
	27.3
	846
	3.80
	118

	November
	18.0
	540
	2.40
	72.0

	December
	11.7
	362
	1.51
	46.8

	Monthly average
	30.0 
	912 
	4.25 
	129 

	TOTAL
	10900 
	1550


The following image shows the expected electricity production after the assessments.

[bookmark: _Toc380093697][bookmark: _Toc383179580][bookmark: _Toc393012004]Image 117. Display of the expected electricity production
[bookmark: _Toc380093688][bookmark: _Toc383179127][bookmark: _Toc393011831]Calculation of expected electricity production for the elementary school "Nikola Tesla" Dublje

The calculation of expected electricity production for the elementary school "Nikola Tesla" Dublje has been done based on the useful surface on which solar modules can be installed, mentioned in the chapter Analysis of possible technical and technological solutions for using solar energy to produce electricity.

The elementary school "Nikola Tesla" Dublje is located at:
· 44,793	north latitude and
· 19,523	east longitude.

The data on the intensity of solar irradiation necessary for the elementary school "Nikola Tesla" Dublje were taken from the PVGIS database and were showed earlier. The calculated total power of the solar plant that can be installed on the building is 33.36 kWp. On the basis of the possible installed power, the PVGIS software was used to assess the electricity production for PV system installed at fixed angle of 33°.

[bookmark: _Ref380093493][bookmark: _Toc380093705][bookmark: _Toc383179918][bookmark: _Toc393013029]Table 54. Data on electricity production for the PV system of the elementary school "Nikola Tesla" Dublje
	Month
	Ed (kWh)
	Em (kWh)
	Hd (kWh/m2)
	Hm (kWh/m2)

	January
	46.3
	1440
	1.69
	52.3

	February
	74.3
	2080
	2.78
	77.7

	March
	111
	3440
	4.28
	133

	April
	132
	3960
	5.23
	157

	May
	142
	4410
	5.76
	179

	June
	145
	4360
	5.98
	179

	July
	149
	4610
	6.18
	192

	August
	146
	4540
	6.05
	188

	September
	119
	3560
	4.78
	143

	October
	96
	3000
	3.80
	118

	November
	63
	1910
	2.40
	72.0

	December
	38.8
	1200
	1.42
	43.9

	Monthly average
	105
	3210
	4.20 
	128 

	TOTAL
	38500
	1530



The following image shows the expected electricity production after the assessments.

[bookmark: _Toc380093695][bookmark: _Toc383179581][bookmark: _Toc393012005]Image 118. Display of the expected electricity production
[bookmark: _Toc383179128][bookmark: _Toc393011832]
Calculation of the expected thermal energy production

Solar energy can be converted into thermal energy by means of solar thermal collectors. Solar energy collector is a device that collects incident energy which is then transferred on the heat carrier. This energy is then transmitted to the system of hot water and/or heating. Today, the most widely used are the flat plate collectors, which are used for domestic hot water heating. The maximum temperature is up to 80°C, the working temperature is 40 to 60°C, and the efficiency is 30 to 60%. Beside the flat plate collectors, evacuated collectors can also be found on the market today. These collectors are used to for domestic hot water and space heating. The maximum temperature is up to 100°C, the working temperature is 40 to 60°C, and the efficiency is 50 to 60%.

In flat plate collectors, after passing through the glass cover, solar short wave radiation is absorbed in the absorber - the metal plate (Cu, Al), coated with special coat of high absorption properties. The absorbed heat is transferred to the heat carrier (water or a mixture of water and propylene glycol) via a heat exchanger which is in good thermal contact with the absorber plate. On the back side the collector is insulated (mineral wool, polyurethane, armaflex) to minimize thermal losses to the environment. Thermal losses of the front can be divided into losses due to convection and radiation, and the losses due to reflection of solar radiation from the glass surface and the absorber. These losses are usually 20 to 30% of the incident energy, depending on the permeability coefficient of the glass (τ = 0.85 ÷ 0.9), and the absorption properties of the coating of the absorber (α = 0.85 ÷ 0.97).

The absorbed energy is partially transferred to the heat carrier, while a part of heat is lost by radiation from the absorber plate (up to 200°C) to colder glass surface (temp. 40°C) and remainder to the environment. It should be noted that the glass is generally impermeable to long wave radiation of the absorber (the so-called  "greenhouse effect"). Convective losses are usually much higher than the radiation losses and are divided into the losses of free convection in the space between the absorber and glass, and the losses of the free or forced convection (wind) from the heated glass to the surrounding air. The losses of the side and back casing panels of the collector should be also added. The higher the temperature of the heat carrier, the higher the thermal losses of the collector.
[image: ]
[bookmark: _Toc383179582][bookmark: _Toc393012006]Image 119. Thermal losses of the collector, the analogy with electrical circuit

To calculate the heat transfer we use the analogy with electrical circuit: the temperature difference is analogous to the potential difference (voltage), thermal energy is analogous to the electric current, and thermal resistance to the electric. According to Ohm's law for electric circuits where I = U/R, during heat transfer the thermal energy is equal to the ratio of the temperature differences and thermal resistance. Thermal energy transferred to the heat carrier in the collector equals the difference of the absorbed thermal energy and thermal losses to the environment:

absorbed heat - losses to the environment = thermal energy transferred to the heat carrier

where τ is the permeability coefficient of glass, α is the absorption coefficient of the absorber coating, E [W/m2] is incident solar energy, Ak is absorber area, Taps, Tok and Tvode [K] are temperatures of the absorber, surrounding air and heat carrier (mixture of water and glycol).
[bookmark: _Toc383179129][bookmark: _Toc393011833]Determining the thermal characteristics of solar energy collectors

Thermal power of a collector is determined by the formula:


where qm is mass flow rate [kg/s], cp is specific heat capacity of the heat carrier in the collector set for average temperature [J/kgK], and  and  are input and output temperatures of the heat carrier.
The efficiency of the collector is defined as the ratio of the thermal power of the collector and the total incident energy of the sun, and it is calculated according to the formula:

where Фsun [W] is total incident energy of the sun on the entire collector plate, E [W/m2] is total incident energy of the sun on 1m2 of the collector plate area and Ak [m2] is the collector absorber area (glass cover). Dependence of the collector efficiency (η) on the temperature differences of collectors and environment for different types of collectors is shown in the following diagram.
Knowing the dependence of the efficiency of operating parameters allows for easy calculation of useful heat transferred to the fluid at any working and weather conditions. For efficient operation of the solar system, an accurate design and dimensioning of the system is necessary, while taking into account its specific characteristics.
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[bookmark: _Toc383179583][bookmark: _Toc393012007]Image 120. Efficiency of different collector types in the function of temperature difference

The expected amount of produced thermal energy for each of the subject buildings is calculated depending on the number of solar collectors that can be installed on the buildings in the corresponding variant, i.e. the total absorbing area of the collector, which was previously calculated in chapter 5.5. The data on the intensity of solar radiation which were used for the calculation are shown in the tables of solar radiation (Tables 33-36).
[bookmark: _Toc383179130][bookmark: _Toc393011834]Calculation of expected thermal energy production for the gym of the high school

Option a)
It is possible to install 300 flat plate collectors on the building, connected into 50 collector arrays with total absorption area of 540 m2, or 300 evacuated-tube collectors connected into 50 collector arrays with total absorption area of 480 m2.

The total incident energy of the collectors is:
· Flat plate collector     	540 m2       cca 688.500 kWh/yr
· Evacuated-tube collector     	480 m2       cca 816.000 kWh/yr

Energy necessary for heating the building is 281,573.05 kWh/yr.

Option b)
It is possible to install 150 flat plate collectors on the building, connected into 30 collector arrays with total absorption area of 270 m2, or 150 evacuated-tube collectors connected into 30 collector arrays with total absorption area of 240 m2.

The total incident energy of the collectors is:
· Flat plate collector     	270 m2       cca 344.250 kWh/yr
· Evacuated-tube collector	240 m2       cca 408.000 kWh/yr

Energy necessary for heating the building is 281,573.05 kWh/yr.

Analysis of the possibility to install solar system
The analysis showed that the incident energy is higher than the building needs. However, in order to use the incident energy it is necessary to accumulate it in accumulation tanks.

In order to accumulate the energy required to heat the building (Q = 324 kW, it would be necessary to install an accumulation tank with a capacity of 4665.63 litres, provided that the accumulated amount of heat per kg (water) is 250 kJ/kg), and under the conditions of their installation,it is necessary to install three accumulation tanks with the capacity of 2000 litres.
It is necessary to install 90 evacuated-tube collectors connected into 18 collector arrays each containing 5 collectors for the mentioned tanks . The total absorption area is 144 m2.
If the installation of evacuated-tube collectors is considered with the area of a) 480 m2 and b) 240 m2, with the planned installation of collectors with 144 m2, it can be concluded that it is possible to install the planned number of collectors on the building roof. Their incident energy per year is 244.800 kWh/yr.

Calculation of the sanitary hot water needs and choice of solar system 

	Number of students and employees
	996 persons

	Hot water consumption per person, according to the data based on experience, for buildings "schools with showers"
	8-10 litres/day

	For 8 litres/day and temperature of 35°C
	G = n x Gdn = 996 x 8 = 7968 litres/day

	The water is consumed for 12 hours during the day, so the amount of necessary water is 7968 / 12 = 664 litres/h, or 0.1844 litres/second

	For 10 litres/day and temperature of 35°C
	G = n x Gdn = 996 x 10 = 9960 litres/day

	The water is consumed for 12 hours during the day, so the amount of necessary water is 9960 / 12 = 830 litres/h, or 0.2305 litres/second



Since water is consumed mainly during school breaks and holidays, it is necessary to provide an accumulation for hot water, which means that it is necessary to install a tank for sanitary hot water. In order to ensure the capacity of the tank, it is necessary to take into account the fact that the water in the boiler is heated to a temperature of 60°C, and the required 35°C is obtained by mixing with cold water of temperature of about 10°C.
On the basis of the calculations and the sanitary hot water tank-boiler manufacturers' recommendations, the tank for sanitary hot water with capacity of V = 500 litres with two hot water exchangers-heaters is selected. Solar water heater was installed in the lower zone, and hot water heater in the upper.
Given the purpose of the considered buildings, it is realistic to expect that the installation of this system will not lead to an increase nor a reduction in water consumption. The required amount of hot water for the kitchen and sanitary needs of students and employees is currently provided by using electric water heaters and will not be changed even by introducing a different system of its preparation.
[bookmark: _Toc383179131][bookmark: _Toc393011835]Calculation of expected thermal energy production for the elementary school "Knez Ivo od Semberije"

Option a)
It is possible to install 260 flat plate collectors on the building, connected into 36 collector arrays with total absorption area of 468 m2, or 260 evacuated-tube collectors connected into 36 collector arrays with total absorption area of 416 m2.

The total incident energy of the collectors is:
· Flat plate collector     	468 m2       cca 344.250 kWh/yr
· Evacuated-tube collector    	416 m2       cca 408.000 kWh/yr

Energy necessary for heating the building (the building needs are 550kW) is 477,978.95 kWh/yr.

Option b)
It is possible to install 134 flat plate collectors on the building, connected into 23 collector arrays with total absorption area of 241.2 m2, or 134 evacuated-tube collectors connected into 23 collector arrays with total absorption area of 214.4 m2.

The total incident energy of the collectors is:
· Flat plate collector     	241.0 m2       cca 307.275 kWh/yr
· Evacuated-tube collector    	214.4 m2       cca 363.800 kWh/yr

Energy necessary for heating the building (the building needs are 550kW) is 477,978.95 kWh/yr.

Analysis of the possibility to install solar system
In order to accumulate the energy required to heat the building (Q = 550 kW, it would be necessary to install an accumulation tank with a capacity of 7920 litres, provided that the accumulated amount of heat per kg (water) is 250 kJ/kg), and under the conditions of their installation, it is necessary to install 4 accumulation tanks with the capacity of 2000 litres.
It is necessary to install 120 evacuated-tube collectors connected into 24 collector arrays each containing 5 collectors for the mentioned tanks . The total absorption area is 192 m2.
If the installation of evacuated-tube collectors is considered with the area of a) 416 m2 and b) 214.4 m2, with the planned installation of collectors with 192 m2, it can be concluded that it is possible to install the planned number of collectors on the building roof. Their incident energy per year is 326.400 kWh/yr.








Calculation of the sanitary hot water needs and choice of solar system 
	The school has the capacity of 1650-1700 students, which makes about 1850 users with the employees, or the useful area of 1388 m2 and the gym with the area of 768 m2.

	Hot water consumption per person, according to the data based on experience, for buildings "schools with showers"
	8-10 litres/day

	For 8 litres/day and temperature of 35°C
	G = n x Gdn = 1850 x 8 = 14800 litres/day

	The water is consumed for 12 hours during the day, so the amount of necessary water is 14800 / 12 = 1233 litres/h, or 0.342 litres/second

	For 10 litres/day and temperature of 35°C
	G = n x Gdn = 1850 x 10 = 1541 litres/day

	The water is consumed for 12 hours during the day, so the amount of necessary water is 18500 / 12 = 1541 litres/h, or 0.428 litres/second



On the basis of the calculations and the sanitary hot water tank-boiler manufacturers' recommendations, the tank for sanitary hot water with capacity of V = 500 litres with two hot water exchangers-heaters is selected. Solar water heater was installed in the lower zone, and hot water heater in the upper. 
[bookmark: _Toc383179132][bookmark: _Toc393011836]Calculation of expected thermal energy production for telementary school "Dvorovi"

It is possible to install 142 flat plate collectors on the building, connected into 24 collector arrays with total absorption area of 255.6 m2, or 142 evacuated-tube collectors connected into 24 collector arrays with total absorption area of 227.2 m2.

The total incident energy of the collectors is:
· Flat plate collector     	255 m2       cca 325.125 kWh/yr
· Evacuated-tube collector    	227 m2       cca 385.900 kWh/yr

Energy necessary for heating the building (the building needs are 370 kW) is 321,549.47 kWh/yr.

Analysis of the possibility to install solar system
In order to accumulate the energy required to heat the building (Q = 370 kW, it would be necessary to install an accumulation tank with a capacity of 5328 litres, provided that the accumulated amount of heat per kg (water) is 250 kJ/kg), and under the conditions of their installation, it is necessary to install 3 accumulation tanks with the capacity of 2000 litres.
It is necessary to install 90 evacuated-tube collectors connected into 18 collector arrays each containing 5 collectors for the mentioned tanks. The total absorption area is 144 m2.
If the theoretically possible surface for installation of evacuated-tube collectors on the building roof with the area of 227m2 is compared to the planned installation of collectors with the area of 144m2, it can be concluded that it is possible to install the planned number of collectors on the building roof. Their incident energy per year is 244.800 kWh/yr.



Calculation of the sanitary hot water needs and choice of solar system 
	Number of students and employees
	600 persons

	Hot water consumption per person, according to the data based on experience, for buildings "schools with showers"
	8-10 litres/day

	For 8 litres/day and temperature of 35°C
	G = n x Gdn = 630 x 8 = 5040 litres/day

	The water is consumed for 12 hours during the day, so the amount of necessary water is 5400 / 12 = 420 litres/h, or 0.116 litres/second

	For 10 litres/day and temperature of 35°C
	G = n x Gdn = 630 x 10 = 6300 litres/day

	The water is consumed for 12 hours during the day, so the amount of necessary water is 6300 / 12 = 525 litres/h, or 0.146 litres/second



On the basis of the calculations and the sanitary hot water tank-boiler manufacturers' recommendations, the tank for sanitary hot water with capacity of V = 300 litres with two hot water exchangers-heaters is selected. Solar water heater was installed in the lower zone, and hot water heater in the upper.
[bookmark: _Toc383179133][bookmark: _Toc393011837]Calculation of expected thermal energy production for the elementary school "Janko Veselinović" Crna Bara

It is possible to install 77 flat plate collectors on the building, connected into 21 collector arrays with total absorption area of 138 m2, or 142 evacuated-tube collectors connected into 21 collector arrays with total absorption area of 123.2 m2.

The total incident energy of the collectors is:
· Flat plate collector     	138 m2       cca 177.192 kWh/yr
· Evacuated-tube collector   	123 m2       cca 210.576 kWh/yr

Energy necessary for heating the building (the building needs are 220 kW) is 191,191.58 kWh/yr.
Analysis of the possibility to install solar system
In order to accumulate the energy required to heat the building (Q = 220 kW, it would be necessary to install an accumulation tank with a capacity of 3168 litres, provided that the accumulated amount of heat per kg (water) is 250 kJ/kg), and under the conditions of their installation, it is necessary to install 2 accumulation tanks with the capacity of 2000 litres.
For these tanks it is necessary to install 60 evacuated-tube collectors connected into 2 collector arrays each containing 6 collectors, 3 arrays each containing 5 collectors, 2 arrays each containing 4 collectors, 8 arrays each containing 3 collectors and 1 array with 1 collector, along with an array containing 2 flat panel collectors for heating sanitary water.
If the theoretically possible surface for installation of evacuated-tube collectors on the building roof with the area of 123 m2 is compared to the planned installation of collectors with the area of 96 m2, it can be concluded that it is possible to install the planned number of collectors on the building roof. Their incident energy per year is 164.352 kWh/yr.

Calculation of the sanitary hot water needs and choice of solar system 
	Number of students and employees
	300 persons

	Hot water consumption per person, according to the data based on experience, for buildings "schools with showers"
	8-10 litres/day

	For 8 litres/day and temperature of 35°C
	G = n x Gdn = 300 x 8 = 2400 litres/day

	The water is consumed for 12 hours during the day, so the amount of necessary water is 2400 / 12 = 200 litres/h, or 0.056 litres/second

	For 10 litres/day and temperature of 35°C
	G = n x Gdn = 300 x 10 = 3000 litres/day

	The water is consumed for 12 hours during the day, so the amount of necessary water is 3000 / 12 = 250 litres/h, or 0.069 litres/second



On the basis of the calculations and the sanitary hot water tank-boiler manufacturers' recommendations, the tank for sanitary hot water with capacity of V = 200 litres with two hot water exchangers-heaters is selected. Solar water heater was installed in the lower zone, and hot water heater in the upper.
[bookmark: _Toc383179134][bookmark: _Toc393011838]Calculation of expected thermal energy production for the elementary school "Laza Lazarević" Salaš Crnobarski

It is possible to install 30 flat plate collectors on the building, connected into 6 collector arrays with total absorption area of 54 m2, or 30 evacuated-tube collectors connected into 6 collector arrays with total absorption area of 48 m2.

The total incident energy of the collectors is:
· Flat plate collector     	54 m2       cca 68.850 kWh/yr
· Evacuated-tube collector 	48 m2       cca 81.600 kWh/yr

Energy necessary for heating the building (the building needs are 50 kW) is 43,452.63 kWh/yr.

Analysis of the possibility to install solar system
In order to accumulate the energy required to heat the building (Q = 50 kW, it would be necessary to install an accumulation tank with a capacity of 720 litres, provided that the accumulated amount of heat per kg (water) is 250 kJ/kg), and under the conditions of their installation, it is necessary to install one accumulation tank with the capacity of 1000 litres.
For these tanks it is necessary to install 15 evacuated-tube collectors connected into 3 collector arrays each containing 4 collectors, and 1 array containing 3 collectors, along with an array containing 2 flat panel collectors for heating sanitary water.
If the theoretically possible surface for installation of evacuated-tube collectors on the building roof with the area of 48 m2 is compared to the planned installation of collectors with the area of 24 m2, it can be concluded that it is possible to install the planned number of collectors on the building roof. Their incident energy per year is 40.800 kWh/yr.


Calculation of the sanitary hot water needs and choice of solar system 
	Number of students and employees
	270 persons

	Hot water consumption per person, according to the data based on experience, for buildings "schools with showers"
	8-10 litres/day

	For 8 litres/day and temperature of 35°C
	G = n x Gdn = 270 x 8 = 2160 litres/day

	The water is consumed for 12 hours during the day, so the amount of necessary water is 2160 / 12 = 180 litres/h, or 0.05 litres/second

	For 10 litres/day and temperature of 35°C
	G = n x Gdn = 270 x 10 = 2700 litres/day

	The water is consumed for 12 hours during the day, so the amount of necessary water is 2700 / 12 = 225 litres/h, or 0.0625 litres/second



On the basis of the calculations and the sanitary hot water tank-boiler manufacturers' recommendations, the tank for sanitary hot water with capacity of V = 200 litres with two hot water exchangers-heaters is selected. Solar water heater was installed in the lower zone, and hot water heater in the upper.
[bookmark: _Toc383179135][bookmark: _Toc393011839]Calculation of expected thermal energy production for the elementary school "Nikola Tesla" Dublje

It is possible to install 102 flat plate collectors on the building, connected into 25 collector arrays with total absorption area of 183.6 m2, or 102 evacuated-tube collectors connected into 25 collector arrays with total absorption area of 163.2 m2.

The total incident energy of the collectors is:
· Flat plate collector     	183 m2       cca 230.580 kWh/yr
· Evacuated-tube collector 	163 m2       cca 273.840 kWh/yr

Energy necessary for heating the building (the building needs are 250 kW - heating oil) is 206,400 kWh/yr.

Analysis of the possibility to install solar system
In order to accumulate the energy required to heat the building (Q = 250 kW, it would be necessary to install an accumulation tank with a capacity of 3600 litres, provided that the accumulated amount of heat per kg (water) is 250 kJ/kg), and under the conditions of their installation, it is necessary to install 2 accumulation tanks with the capacity of 2000 litres.

For these tanks it is necessary to install 60 evacuated-tube collectors connected into 9 collector arrays each containing 6 collectors, 2 collector arrays each containing 3 collectors, along with an array containing 2 flat panel collectors for heating sanitary water.

If the theoretically possible surface for installation of evacuated-tube collectors on the building roof with the area of 163 m2 is compared to the planned installation of collectors with the area of 96 m2, it can be concluded that it is possible to install the planned number of collectors on the building roof. Their incident energy per year is 161.280 kWh/yr.




Calculation of the sanitary hot water needs and choice of solar system 
	Number of students and employees
	250 persons

	Hot water consumption per person, according to the data based on experience, for buildings "schools with showers"
	8-10 litres/day

	For 8 litres/day and temperature of 35°C
	G = n x Gdn = 250 x 8 = 2000 litres/day

	The water is consumed for 12 hours during the day, so the amount of necessary water is 2000 / 12 = 166 litres/h, or 0.046 litres/second

	For 10 litres/day and temperature of 35°C
	G = n x Gdn = 250 x 10 = 2500 litres/day

	The water is consumed for 12 hours during the day, so the amount of necessary water is 2500 / 12 = 208 litres/h, or 0.058 litres/second



On the basis of the calculations and the sanitary hot water tank-boiler manufacturers' recommendations, the tank for sanitary hot water with capacity of V = 200 litres with two hot water exchangers-heaters is selected. Solar water heater was installed in the lower zone, and hot water heater in the upper.
[bookmark: _Toc383179136][bookmark: _Toc393011840]Recapitulation of the way of selecting the technical and technological solution for the production of thermal energy

A solar system consists of:
· solar collectors,
· solar operation group (circulation pump, expansion vessel, measuring equipment and armatures - valves, etc.)
· hot water accumulation tank,
· control equipment.

According to the calculation, the manufacturer's recommendation, and data based on the experience in heating systems, the evacuated-tube solar collectors were selected, and for the sanitary water heating the flat plate solar collectors were selected. The evacuated-tube collectors are more suitable for colder climate with lower insolation and they are more expensive than the flat plate collectors. Their disadvantage is that they are susceptible to loss of vacuum.

Accumulation tanks for hot water with tubular heat exchanger with capacities of 1000 and 2000 litres were selected for connecting the solar collectors. They have one spiral in the lower zone of the tank. For the sanitary water heating the tanks intended for this type of system were selected.

The solar collectors are connected into arrays, made of two, three, four, five or six solar collectors. Arrays are then connected with the pipeline, all of which are connected with heater (exchanger) in the accumulation tank. The so called solar operation groups, security and measuring equipment, and the armatures are then installed on the pipeline. The pipeline is made of Cu pipes - rigid copper, which is necessary to be welded by hard solders. The complete pipeline is insulated using vapour proof material resistant to high temperature. Installation of temperature control of the incoming water depending on the outside temperature is planned. Installation of control allows the system to operate unhindered.

In winter, when it's cold outside and heating is needed, we get a lot less energy from the sun than in the summer when the heating is not needed. For this reason, solar heating systems should be fitted with a larger number of collectors and greater accumulation tanks than systems used only for heating sanitary water. In the summer the solar collectors designed for heating system produce energy that is not used, the so-called excess energy.

Since the solar systems are low temperature systems, they will best be used in combination with low temperature heating systems (floor, wall heating...) while in the conventional radiator systems (80°C/60°C) additional solar heating is expressed in the transitional period, in the autumn and spring. The total energy obtained from solar collectors used to heat the building is considered to be 35% of the total incident energy.
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Consideration of the best technical and technological solution

The previous analysis processed several options for the possibility of using solar energy to obtain electricity and thermal energy in the considered six buildings in the municipalities of Bijeljina and Bogatić. Two options of installation of PV and TS systems were considered: option with additional reinforcement of the roof structure in order to install the maximum possible number of modules, and the option without reinforcement with an appropriate number of modules that is currently possible (if possible at all) to install due to the static bearing capacity of the structure.
The option of installation of both systems on the building (PV and TS systems in a given ratio) was not considered due because for such an option double installations and associated equipment of both systems would be needed, which is irrational because it makes the investment a lot more expensive.
Technical and technological solutions with PV systems would provide significantly higher profits from electricity sales compared to TS systems where savings could be achieved in terms of the smaller amount of energy sources during the heating season. An option with more PV modules needs considerably greater investment, which includes the reconstruction of roofs and longer repayment time, but in this case, the profit would be higher. It would also lead to major savings in CO2 emissions compared to the option with fewer modules and smaller investments.
TS systems provide greater savings in CO2 emissions compared to the option of installation of PV modules without additional reinforcement of the roof structure. But when it comes to TS systems, it is important to note that a lot more thermal energy from the sun is obtained in the summer when the buildings are not heated so the obtained thermal energy is unusable. In winter, when there is a need for heating the buildings, available amount of solar energy is much smaller. Also, installation of TS systems, increases the comfort in the buildings in terms of availability of sanitary water for own use, which currently is not the case.
It is a difficult task to recommend the best option, as each option has its advantages and disadvantages. The selection also depends on the willingness and investment ability of the contracting authority. A detailed overview of the necessary investments, repayment time and achievable savings or profits, as well as a calculation of reducing CO2 emissions for each of the buildings, is given below.
Based on the above, it is proposed that the investor postpone the selection of the best technical and technological solution for the next period and the next phase of investment-technical documentation.
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Impact on the environment and calculation of reducing CO2 emission
[bookmark: _Toc383179139][bookmark: _Toc393011843]Impact on the environment

We have witnessed that in the last twenty years abrupt climate changes occurred, as evidenced by the official data. Specifically, according to the World Meteorological Organization (WMO), the year 2013 was among the top ten warmest years in most countries, since the data are officially recorded. All the warmest years recorded so far were after 1998. And the coldest years after 1998 are warmer than the warmest before 1998. In this period, the average temperature on Earth has increased by 0.6 degrees, which represents the largest increase in temperature over the past thousand years. Sudden fluctuations in temperature lead to a shift of drought and extremely rainy periods in areas that have never had a tropical or subtropical climate; sea level is rising at an average rate of about 3.2 millimetres per year (mm/yr), with interannual variability, because the satellite altitude measurements began in 1993. It is close to the observed rate of about 3 mm/yr in the last decade (2001-2010) and twice as high as the measured trend of 1.6 mm/yr from the 20th century.

Sea level will continue to rise due to melting glaciers and ice caps. The ocean absorbs more than 90% of the additional heat generated due to greenhouse gases, which will consequently lead to further warming and expansion of the ocean during the next couple of hundred years. The man is the primary cause of such climate disturbances. Globalization, post industrialization and hyperproduction based primarily on the desire for profit has led to environmental pollution - water, soil and air. The biggest problem are the gases such as carbon dioxide, methane and nitrous dioxide, the gases that cause the greenhouse effect. Their concentration in the atmosphere in the last hundred years rapidly increased, ranging from 39% (CO2) to more than 100% (methane). If this trend of the growth of greenhouse gases continues, the consequences to our planet and ourselves will be catastrophic. It is estimated that in this case, the Earth's temperature will rise by four to five degrees over the next hundred years. Floods and droughts, sudden coolings, storm winds are frequent, and the results are increased human mortality, changes in ecosystems, the extinction of plant and animal species, lack of arable land and fresh water. Occurrence of various diseases is certain, as well as diseases caused by air and land pollution. It is necessary to determine the proportion of individual gases in the total amount, as well as their individual "contribution" to total pollution. More attention must be paid to the measures for their reduction or elimination. Developed countries are working on the development of different techniques and technologies to eliminate greenhouse gases. The reduction is related to different (politically and economically motivated) measures such as the transition from fossil fuels to various forms of renewable energy sources, and reducing the current power consumption and application of the procedures for the more efficient use of traditional energy sources. The following table (source: Intergovernmental Panel on Climate Change Working Group III Third Assessment Report of 2001 shows a fairly optimistic assumptions about the possibilities of reducing the concentration of greenhouse gases by 2020 in various sectors. These assumptions are based on the obligation to reduce CO2 emissions by 30% (instead of the previously established 20%) in the EU countries, assuming that others, world's greatest emitters, will follow their example[footnoteRef:30]. [30:  Greenhouse gas emissions in EU in the last year dropped by 11.6% compared to the previous year] 





[bookmark: _Toc383179919][bookmark: _Toc393013030]Table 55. Possibility of reducing the concentration of CO2
	Sector
	Situation in 1990 
(in millions of tonnes of CO2 equivalents)
	Possible reduction by 2020 (in millions of tonnes of CO2 equivalents)

	Buildings with devices
	1,646
	1,000 - 1,100

	Traffic
	1,078
	300 - 700

	Industry:
better use of energy,
better use of production materials
	2,293
	700-900

600

	Agriculture
	1,360 - 3,040
	350 - 750

	Waste removal
	240
	200

	Electricity production
	1,620
	350-700



The data in the table are shown as the so-called equivalents of carbon dioxide, which is the unit of measure for expressing the effects of greenhouse gases. The unit of measure itself shows that of all the greenhouse gases, carbon dioxide is the main contributor to the pollution of our planet.
Since the seventies of the last century more than 150 billion tonnes of carbon gases were emitted to the earth's atmosphere. 76.8% of the stated quantity was produced by combustion of solid and liquid fuels, 19.3% by use of gas, and about 3.5% by cement production. Public consumption, i.e. production and use of electricity covered 37% of carbon dioxide emissions. Although until recently the biggest emitters of carbon dioxide were the USA and the EU, a growing share in the global pollution is taken by China, India and Russia.[footnoteRef:31] According to data from DIW for 2005, the greatest emitters were the USA (21.9% of total emissions), China (17.4%), EU (15%), Russia (5.75%), Japan (4.7%) and India (4.1%). Two years later, China emitted 1.8 billion tonnes of CO2, the USA -  1.59 billion tonnes, Russia - 432 million and India - 430 million tonnes. Total world CO2 emissions amounted to 10 billion tonnes. Carbon dioxide is responsible for 82% of greenhouse gas emissions in the EU, followed by methane, dinitrogen oxide and phosphorous gases.[footnoteRef:32] [31:  These countries, as well as developing countries (which were not signatories to the Kyoto Protocol) in the year 2005, compared to the 1990, increased CO2 emissions by 73.8%. China increased its emissions by 108%! The result of this rate of growth is the fact that in 2007 China went ahead of the USA and emitted the largest amount of CO2, and India moved closer to Russia, which is the third largest polluter]  [32:  European Environment Agency, Annual EC greenhouse gas inventory 1990-2005, www.eea.europa.eu] 

Although the EU and a number of countries that signed the Kyoto Protocol have managed to reduce emissions of certain greenhouse gases, the total reduction at the global level has not been achieved primarily "thanks" to accelerated industrialization of China and India. The bright example is the EU countries that are, by obligating themselves to reduce emissions by 30% by 2020, managed to reduce greenhouse gases in 2009, primarily CO2 by 11.2%. This reduction is the result of applying the so-called  Plan for the EU Emissions Trading System (EU ETS), which is a system of trading permits to emit greenhouse gases. Namely, the industrial plants can sell unused certificates for the emission which has not been realized. This possibility is available to some of the countries.[footnoteRef:33] A few years ago Russia created legal prerequisites for broader implementation of this concept. In Bosnia and Herzegovina and Serbia the development of this concept is just starting.[footnoteRef:34] [33:  This concept presupposes the participation of several countries; namely, companies can allocate its manufacturing plant to another country and by implementing measures to protect the environment and air, they can "earn" additional certificates for emission]  [34:  For this reason the Council of foreign investors in our country appealed to the faster formation of a state agency  National Council for collecting applications of companies for the development of renewable energy] 

A significant contribution to reducing CO2 emissions and other greenhouse gases is the use of alternative, renewable energy sources. The world is working intensively on the efficient utilization of wind and water energy, solar energy, biomass and nuclear energy. 
According to BMU data, in the year 2004 more than 800 GW of electricity was produced in the world using renewable sources. The largest part was related to the production of large hydroelectric power plants (720 GW), and then small hydroelectric power plants (61 GW). Next is the production using wind power (48 GW), biomass (39 GW), geothermal resources (8.9 GW), solar energy (4.4 GW) and energy derived from sea (0.3 GW). Nuclear energy covered 16% of the world's total energy production.
After the nuclear disaster in Japan a series of security dilemmas were triggered and also about dangers related to the use of nuclear energy. There are more and more demands, not only by associations and the movements for environmental protection, but also the general public in developed countries, to limit the use of, or even complete elimination of this form of energy.
Efficient use of renewable energy is becoming increasingly important. When it comes to these forms of energy, in 2010, the share of renewable sources in the newly built power capacities was over 40%.  Newly installed gas capacities dominated. In the total amount, gas represented 51% of total newly built capacities, 21.7% of solar energy, 17% of wind energy and 7.3% of thermal coal. 
Bosnia and Herzegovina and Serbia have significant potentials in terms of renewable energy sources. According to the calculations of the Energy Community of South East Europe[footnoteRef:35], Bosnia and Herzegovina has a realistic opportunity to increase the share of renewable sources in total energy potential from 26.5%, which was the potential of 2005, to 33% by 2020, and Serbia from 12.9% which was the potential in 2005, to 19% by 2020. By using biomass Bosnia and Herzegovina could produce 18 TWh per year, and by use of geothermal resources 40.5 GWh of electricity. Hydro power potential is 6.8 GW, wind power potential is 2 GW, and the potential of solar power is 33 MW. Serbia could produce 19 TWh of electricity by using biomass, 50 MW by using geothermal resources, and 4.6 GW by using hydro power potential. Wind power potential is 2.3 TWh, and the potential of solar power is 33 MW.6 [35:  Energy Community,  Study of the Implementation of the New EU Renewables Directive in the Energy Community] 

Current electricity production in Bosnia and Herzegovina is 13,491 GWh, where 54% of production is performed by thermal power plants and 45% by hydroelectric power plants, while 1% of production is performed by mini hydro power plants and other alternative energy sources[footnoteRef:36].  In Serbia, the total production is cca. 40 TWh of electricity, out of which around 30 TWh is produced by thermal power plants, including cogeneration plants, and the other 10 by hydroelectric power plants. There are no accurate data on the amount of energy produced using renewable sources. [36:  These data relate to domestic sources of energy and they make 62% of total sources] 

To conclude, the primary energy production is dominantly performed by hydroelectric power and thermal power plants. If we consider the primary and secondary energy use, then Bosnia and Herzegovina and Serbia, according to the available data, predominantly use the largest polluters - fossil fuels.[footnoteRef:37]  The use of fossil fuels, especially coal, is closely related to the long tradition of exploitation of this important energy source. Significant reserves of brown coal and lignite will affect their continued dominant use in the future. While in practice the significant progress has been achieved in the utilization of hydro power potential, the use of other forms of renewable energy is, unfortunately, "secondary". The reason is the lack of adequate regulations, irresponsibility in the implementation of international obligations which become politicized, the lack of coordination between the state and lower levels, and the lack of adequate "green" programs. [37:  Consumption structure in Bosnia and Herzegovina is as follows: 58% of coal and coke, 26% of oil, 5% of natural gas, and 12% of other fuels] 

[bookmark: _Toc383179140][bookmark: _Toc393011844]Domestic and international standards and regulations related to the protection of air

When considering the offered solutions we took into account the impact on the environment and corresponding regulations, such as the Law on Air Protection of RS and Serbia. In addition to domestic legislation EU regulations are also followed.
In Republic of Srpska legislation and regulations governing the issue of the protection of air, monitoring and air quality limit values ​​are: 
· Law on Air Protection of the Republic of Srpska (Official Gazette of the Republic of Srpska, number 53/02) 
· Law on Air Protection of the Republic of Serbia (Official Gazette of the Republic of Serbia, number 36/2009),
· Rulebook on air quality limit values ​​(Official Gazette of the Republic of Srpska, number 39/05) 
· Rulebook on monitoring air quality (Official Gazette of the Republic of Srpska, number 39/05) 
· Rulebook on the monitoring of emission of pollutants in the ambient air (Official Gazette of the Republic of Srpska, number 39/05).
Law on Air Protection governs the protection of air from pollution in order to protect human health, climate and the environment from harmful effects of air pollution, reducing emissions into the air, planning of protection of air quality, emissions inventory, air quality, monitoring and penalties for violations.
Rulebook on air quality limit values ​​establishes the limit values ​​for air quality and air quality target values ​​as indicators of planning of air quality in the environment, and warning thresholds and alert thresholds for timely action in case of short-term occurrence of excessive air pollution.
As parties to a number of international agreements and conventions related to the protection of the environment and renewable energy (Energy Community Treaty of South East Europe, Framework Convention on Climate Change, the Kyoto Protocol, the Espoo Convention, etc.) and the Stabilization and Association Agreement, Bosnia and Herzegovina and Serbia have pledged to respect them.

EU Directive 2009/28/EC - Members of the Energy Treaty undertook to implement a series of EU directives, including the Directive 2001/77/EC, 2003/30/EC and 2009/28/EC. These directives relate to the obligations of EU Member States and signatories to work on the development and wider use of various renewable energy sources in the energy sector and transport. In particular, the Directive 2009/28/EC provides a framework for the harmonization of legislation and activities related to the implementation of green technologies.[footnoteRef:38] Compliance with the provisions of Directive 2009 for these countries would mean that the share of renewable sources will increase by 2% in the next two years, or by cca. 6% in 2020 (to 33% and 19% for Serbia). By signing the Agreement on a common energy market of South East Europe Member States have committed themselves to adopt European acquis in the field of energy and environmental protection. The objective of the formation of the Community, in addition to the creation of a single energy market, was an increase in energy efficiency and the degree of utilization of renewable energy sources. [38:  Energy Community, Study of the Implementation of the New EU Renewables Directive in the Energy Community,
www.energy-community.org] 


United Nations Framework Convention on Climate Change (UNFCCC) - Bosnia and Herzegovina ratified the Convention in 2000 and Serbia in 2001. Since neither Bosnia and Herzegovina or Serbia are developed countries (not belonging to Annex I), they do not have a strict obligation to reduce greenhouse gases but they have general obligations related to the calculation of the annual emissions of greenhouse gases, the implementation of measures to control anthropogenic emissions and measures for adaptation to climate change, acceptance and the development of technologies that limit and reduce greenhouse gases.  Also, they must cooperate in the preparation of protective measures in the field of water resources and areas affected by drought and floods. They must systematically monitor the climate and climate change, report on them and include these assessments in a variety of economic and development strategies.[footnoteRef:39] [39:  INC: Initial National Communication of Bosnia and Herzegovina in accordance with the UN Framework Convention on Climate Change, August 2009, Banja Luka] 


By signing the Stabilization and Association Agreement with the European Union, Bosnia and Herzegovina and Serbia committed themselves to implement a series of directives related to sustainable development and environmental protection, or for the adoption of EU environmental policy. European Partnership with Bosnia and Herzegovina explicitly lists all individual obligations that Bosnia and Herzegovina must fulfil - the adoption of the national law on the environmental protection to the ratification and implementation of a number of international conventions related to the environmental protection (Espoo Convention, Aarhus Convention, etc.). Also, Bosnia and Herzegovina is a signatory to the Kyoto Protocol and the documents of the UN Committee on Sustainable Energy. However, the implementation of the above protocols, conventions and directives is encountering significant difficulties due to the lack of adequate institutional and legislative framework.
[bookmark: _Toc383179141][bookmark: _Toc393011845]Calculation of CO2 emission reduction

The biggest problem are the gases such as carbon dioxide, methane and nitrous dioxide, the gases that cause the greenhouse effect. Their concentration in the atmosphere in the last hundred years rapidly increased, ranging from 39 % (CO2) to more than 100 % (methane). If this trend of the growth of greenhouse gases continues, the consequences to our planet and ourselves will be catastrophic. According to the official data, in the year 2011 more than 4.4 GW of electricity was produced in the world using solar energy. Bosnia and Herzegovina and Serbia could produce 33 MW of electricity per year by using solar energy, which would directly reduce CO2 emission. The following tables show the typical emission levels for different facilities.
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Table 56. Typical emission values for traditional power plants
	System
	Fuel
	ηee [%]
	Specific emissions [gr/kwhe]

	
	
	
	CO2
	CO
	NOX
	HC
	SOx
	Particles

	Steam turbines
(old)
	Coal 3%S
	34
	1,034.12
	0.18
	3.13
	0.05
	19.87
	1.41

	
	Heating oil 1%S
	31
	887
	0.18
	3.18
	0.05
	4.76
	0.23

	
	Natural gas
	31
	651.74
	0.19
	3.04
	0.18
	≈0
	0.05

	Steam turbines
(new)
	Coal
	31
	1,134.20
	0.18
	2.50
	0.05
	6.00
	0.14

	
	Heating oil with low sulphur content
	31
	887.06
	0.18
	1.36
	0.05
	3.63
	0.14

	Gas turbines
	Diesel
	34
	759.86
	0.55
	2.40
	0.18
	0.14
	0.18

	
	Natural gas
	34
	594.24
	0.55
	1.95
	≈0
	≈0
	0.05

	Gas turbines with low NOX
	Natural gas
	38
	531.68
	0.30
	0.50
	≈0
	≈0
	0.04



[bookmark: _Toc383179921][bookmark: _Toc393013032]Table 57. Typical emission values ​​for separate systems of hot-water and steam boilers (ηt =80%)
	System
	Fuel
	Specific emissions [gr/kwhe]

	
	
	CO2
	CO
	NOX
	HC
	SOx
	Particles

	Heat boiler
	Natural gas
Diesel 0,2 % S
	252.55
322.94
	0.03
0.06
	0.19
0.25
	0.02
0.02
	≈0
0.37
	0.02
0.03

	Steam boiler
	Coal
	439.50
	0.08
	1.36
	0.02
	2.32
	0.20

	
	Heating oil
	343.73
	0.06
	0.57
	0.02
	1.55
	0.20

	
	Natural gas
	252.55
	0.03
	0.39
	≈0
	≈0
	0.02

	Industrial steam boiler
	Coal 2% S
	439.50
	0.16
	1.12
	0.08
	5.65
	0.98

	
	Heating oil 1%
Natural gas
	343.73
252.55
	0.06
0.03
	0.78
0.33
	0.02
≈0
	2.03
≈0
	0.30
0.03


[bookmark: _Metode_proračuna_emisije]
Methods of calculation of CO2 emission

For the purpose of calculating CO2 and other anthropogenic greenhouse gases, the IPCC (Intergovernmental Panel on Climate Change) methodology was developed within the United Nations Framework Convention on Climate Change (UNFCCC). IPCC methodology is used to determine the anthropogenic emissions of a source and removals by sink holes. The dominant source of anthropogenic greenhouse gases is the burning of fossil energy sources in power plants. Depending on the origin there are direct and indirect emissions. Direct emissions occur at the sites of immediate energy consumption (e.g. residential and non-residential buildings), as a result of the combustion of fossil energy sources in stationary power plants (e.g.  boilers). On the other hand, in the case of electricity usage and/or heat from the public district heating or boilers emissions do not occur at the location of immediate energy consumption, so it is necessary to calculate indirect emissions resulting from the production of electricity or thermal energy.
Direct CO2 emissions 
During the combustion most of the carbon in the fuel is oxidized and emitted into the atmosphere in the form of CO2. Part of that carbon that is released as CO, CH4 and NMVOC, also oxidises to CO2 in the atmosphere over a period of several days to about 12 years. Carbon in the fuel that is not oxidized, but bound in the particles, slag or ash is removed from the calculation. Share of the oxidized carbon for liquid fossil fuels and natural gas is very well defined and is 99% for liquid fuel, and 99.5% for natural gas (IPCC recommended values). However, coal oxidation factor depends on the conditions of combustion and can vary by several percent. If the coal oxidation factor is not possible to determine and elaborate, the factor (98%) recommended in the IPCC Guidelines is used.
Generally, for the calculation of CO2 emissions from the burning of fossil fuels the following formula is used:

EM - CO2 emissions [kg]
FEC - carbon emission factor [kgC/GJ]
Hd - net calorific value [MJ/kg or MJ/m3]
OC - proportion of oxidized carbon [%]
44/12 - stoichiometric ratio of CO2 and C
B - the amount of burnt fuel [t or 103 m3]

To use the formula it is necessary to know the carbon emission factor, the net calorific value of the fuel, the proportion of oxidized carbon and the amount of burnt fuel. If the carbon emission factors are unknown, usage of the factors proposed in the IPCC methodology is recommended.
In the case of installation of TC system, the reduction of CO2 emissions is calculated by the direct method, because the energy is consumed at the place of its origin.
Indirect CO2 emissions 
For the purpose of calculating CO2 emissions from electricity and/or heat usage indirect emissions created at the energy production site is observed. When calculating the indirect CO2 emissions the following formula is used:
EM = AD · EF
where: 
EM – CO2 emissions [kg]
AD - the amount of consumed electrical/thermal energy [kWh]
EF - specific CO2 emission factor for electricity or thermal energy [kgCO2/kWh]

In the case of installation of PV system, the reduction of CO2 emissions is calculated according to the formula for indirect CO2 emissions, because emissions occur at the site of the combustion of coal, which is dislocated from the place of use of electricity.

Reduction of CO2 emissions in the case of TS system installation

The considered buildings are supplied with electricity produced by thermal power plants, where brown coal is used for energy production. Brown coal is also used to heat these buildings, while heating oil is used in one boiler.

To calculate the reduction of CO2 emissions the aforementioned formula is used:

EM - CO2 emissions [kg]
FEC - carbon emission factor [kgC/GJ]
Hd - net calorific value [MJ/kg or MJ/m3]
OC - proportion of oxidized carbon [%]
44/12 - stoichiometric ratio of CO2 and C
B - the amount of burnt fuel [t or 103 m3]
For the buildings which are heated using coal, the following data were used to calculate the reduction of CO2 emissions:

Hd coal = 18, 616 MJ/kg
For the buildings which are heated using heating oil, the following data were used to calculate the reduction of CO2 emissions:

Hd heating oil = 42,696 MJ/kg
The following table shows the calculated values of the possible reduction of carbon dioxide emissions by installation of the solar systems in the considered buildings.
[bookmark: _Toc383179922]

[bookmark: _Toc393013033]Table 58. Reduction of CO2 emissions in the case of TS system installation
	City
	Bijeljina
	Bogatić

	Building
	Gym of the high school "Filip Višnjić"
	Elementary school "Knez  Ivo od Semberije"
	Elementary school "Dvorovi"
	Elementary school "Janko Veselinović" Crna Bara
	Elementary school "Laza Lazarević" Salaš Crnobarski
	Elementary school "Nikola Tesla" Dublje

	Reduction of CO2 emissions [kg]
	72,369.12
	68,922.88
	53,070.69
	44,537.74
	11,056.42
	21,558.77

	Total reduction of CO2 emissions [kg]
	194,362.7
	77,152.93






Reduction of CO2 emissions in the case of PV system installation

As mentioned above, the reduction of CO2 emissions is calculated according to the following formula:
EM = AD · EF
where:
AD [kWh] – calculated potential of electricity obtained through solar panels,
EF – specific CO2 emissions factor [kgCO2/kWh], EF = 1,034.12 gr/kWh = 1.034 kg/kWh

The following tables show the possible reduction of CO2 emissions in case of PV system installation.

[bookmark: _Toc383179923][bookmark: _Toc393013034]Table 59. Reduction of CO2 emissions in the case of PV system installation
	City
	Bijeljina
	Bogatić

	Building
	Gym of the high school "Filip Višnjić"
	Elementary school "Knez  Ivo od Semberije"
	Elementary school "Dvorovi"
	Elementary school "Janko Veselinović" Crna Bara
	Elementary school "Laza Lazarević" Salaš Crnobarski
	Elementary school "Nikola Tesla" Dublje

	Reduction of CO2 emissions [kg]
Option "a"
	123,046.00
	94,817.80
	51,079.60
	30,296.20
	11,270.60
	39,809.00

	Total reduction of CO2 emissions [kg]
Option "b"
	61,729.80
	49,115.00
	-
	-
	-
	-



Total reduction of CO2 emissions in the area of Bijeljina would be 268,943.4 kg in case of the option "a", or 161,924.4 kg in the case of the option "b". Total reduction of CO2 emissions in the area of Bogatić would be 81,375.8 kg.


[bookmark: _Toc383179142][bookmark: _Toc393011846]The basic economic parameters

Technical and technological solutions for using solar energy to produce electricity and thermal energy for all considered buildings must be considered within the limits of the financial justifiability, and the basic financial parameters related to the whole systems must be defined. Financial analysis is based on the part of the Study relating to the technical and technological solutions and the calculation of the expected electricity and thermal energy production, as well as the analysis of architectural and construction possibilities for the use of solar energy to produce electricity and thermal energy on the considered buildings. For this purpose, the model that includes all the necessary parameters was used. This model introduces a number of criteria in order to decide whether the project is justified or not. In order to provide a better insight into the potential circumstances for project development, financial analysis takes into account the scenarios of the considered technical and technological solutions for using solar energy for electricity production and the scenarios of technical and technological solutions for using solar energy to produce thermal energy on the considered buildings.
Scenario of technical and technological solutions for using solar energy to produce electricity on the considered buildings takes into account Option I - grid connected PV systems, connected to the electricity grid without tracking the apparent movement of the Sun on the planned buildings and the calculation of expected electricity production according to this option, dealt with in the chapter related to the analysis of possible technical and technological solutions for using solar energy to produce electricity. Also, the scenario takes into account the architectural and construction possibilities, or recommendations that need to be done before installing the solar systems, or option with the repair of roofs (option "a" - replacement of the roof covering, repair and reinforcement of the roof structure) and option without roof repairs (option "b" - assessment of the current condition of the roof construction and possibility of installation of solar modules on the current condition of the roof without additional structural and repair operations). These were dealt with in the chapter related to the analysis of architectural and construction options to install the solar systems.
In this regard, two reports of cash flows were created. The first report refers to the statement of cash flows when viewed from the perspective of the owner of the project, while the second report is related to cash flows when viewed from the perspective of investor or financial institution.
The first report of cash flows provides indicators of financial justification of the project that will affect the decision to initiate the project from the perspective of project owner. These indicators are:
· Net present value (NPV),
· Internal rate of return (IRR) and
· Payback period.
Net present value is defined as the difference between the present value of cash inflows and the present value of cash outflows where the present value of cash inflows and cash outflows is calculated by discounting the estimated cash flows. The internal rate of return is the discount rate at which the net present value equals zero, i.e. the internal rate of return is the discount rate that equates the present value of expected cash outflows (investment costs) with the present value of expected cash inflows from the investment. Financial analysis in this case as an indicator of financial justifiability takes into account the savings resulting from the use of these systems in relation to the current market situation. The payback period of invested capital is the time during which the total funds invested in the realization of the investment is paid back through net inflows.
The second report of cash flows provides a number of important indicators that will influence the decision on financing the project by a financial institution. These indicators are:
· Annual Debt Service Coverage Ratio (ADSCR) and
· Debt Service Capacity Ratio (DSCR).
Annual Service Debt Coverage Ratio (ADSCR) shows if that the project is able to service its own debt from the beginning of cash flows. ADSCR is the ratio of actual annual cash flow and actual annual debt repayment. ADSCR is calculated for a period in which there is a debt. Criteria used for assessing the abilities of the project to repay its own debt is as follows: if the ADSCR> 1 then the project is able to repay the obligations to the financial institution; If ADSCR <1 the project will not be able to do it, but it will need additional sources of funding to meet the demands. 
Debt Service Capacity Ratio (DSCR) is an indication of whether there are sufficient funds to bridge some years in which there are insufficient cash flows to repay the debt. DSCR is the ratio of the present value of cash flows and the present value of the amount of debt repayment. 
If the DSCR> 1 the project is eligible for bridge financing (bridging), and if the DSCR <1 it is necessary to take corrective measures to improve the status of the project.
Financial analysis is performed on an annual basis. For this type of project the financial analysis is performed for the projected life of the project. The projected life of the solar systems in both scenarios is 25 years. The base currency of this analysis is the Euro (EUR). The financial analysis of the project does not include VAT. Income tax is taken into account in the calculation, and for the buildings considered in Bijeljina it is 10%[footnoteRef:40], while for the buildings considered in Bogatić it is 15%[footnoteRef:41]. Linear method was used for the calculation of depreciation. One of the essential prerequisites of the financial analysis is the investment funding. Since the financial structure is not determined, it was necessary to analyse the assumed conditions for funding the project in order to determine the feasibility limit of the project. The traditional instrument - loan under the conditions that currently dominate the financial markets of Bosnia and Herzegovina and the Republic of Serbia. It is assumed that the entire project is going to be funded from external sources in the form of loans under following conditions: interest rate 4.00% per annum and a repayment period of 15 years for buildings considered in Bijeljina and 12 years for buildings considered in the municipality of Bogatić. [40:  Law on Corporate Income Tax ("Official Gazette of the Republic of Srpska", number 129/06, 110/07, 114/07, 62/08, 9/09, 122/10, 73/11 and 17/13)]  [41:  Legal Entity Profit Tax Law ("Official Gazette of the Republic of Serbia", number 25/2001, 80/2002, 80/2002, 43/2003, 84/2004, 18/2010, 101/2011, 119/2012, 47/2013 and 108/2013)] 

In accordance with the standards of investment analysis, if the funding of the project is completely from external sources in the form of loans, then the interest rate that can be obtained for the loan on the market of the project realization is taken as the discount rate.
Operating expenses include the cost of maintenance and insurance costs. Maintenance costs were estimated at 0.50% of the total investment, with an annual growth of 0.20%. Insurance costs are also estimated at 0.50% with no annual growth.
Scenario of technical and technological solutions for using solar energy to produce thermal energy on the considered buildings takes into account the option of using solar energy for heating the considered buildings by evacuated-tube collectors and the option of using solar energy for heating sanitary hot water in the considered buildings by flat plate collectors. For this purpose, an estimate of savings generated by using the TS system was prepared in relation to the current market situation. It was done on the basis of calculation of saving energy during the heating season, dealt with in the chapter related to the analysis of possible technical and technological solutions for using solar energy to produce thermal energy. Also, the scenario takes into account the architectural and construction options and recommendations that need to be done before installing the solar systems, or option with the repair of roofs (option "a" - replacement of the roof covering, repair and reinforcement of the roof structure) and option without roof repairs (option "b" - assessment of the current condition of the roof construction and possibility of installation of solar modules according to the current condition of the roof without additional structural and repair operations). It was dealt with in the chapter related to the analysis of architectural and construction options to install the solar systems.
Also, it is assumed that the installation of solar systems on the considered buildings will be done in accordance with the "turnkey" principle. The investment in both scenarios can be implemented within one year.
[bookmark: _Toc383179143][bookmark: _Toc393011847]
Scenario of technical and technological solutions for using solar energy to produce electricity
[bookmark: _Toc383179144][bookmark: _Toc393011848]Investment costs

Investment costs of using solar energy to produce electricity include investments in equipment (PV modules, inverters, structures for mounting solar panels, electrical equipment - DC, AC cables, cabinets, protection and grounding), installation and construction work necessary according to option "a", and other expenses which include connection to the grid[footnoteRef:42], making technical documentation and unforeseen costs. Unforeseen costs are estimated to 5.00% of the equipment value. [42:  Rulebook on methods for determining costs of connection to the energy transmission and distribution system - Elektroprivreda RS and Rules of operation of distribution system of EPS] 

Investment costs of using solar energy to produce electricity on the considered buildings are:
· according to the option "a"                                707,750.93 €,
· according to the option "b"                                294,368.20 €.
Investment costs of using solar energy to produce electricity on the considered buildings in Bijeljina are:
· according to the option "a"                                537,299.44 €,
· according to the option "b"                                294,368.20 €.
Investment costs of using solar energy to produce electricity on the considered buildings in the municipality of Bogatić are:
· according to the option "a"                                170,451.49 €.
Investment costs for the building of the elementary school and gym "Dvorovi" were taken into account in the final cost of both options because it is possible to install solar systems on this building without necessary construction works, while in the municipality of Bogatić it is possible for all buildings only according to the option "a".



[bookmark: _Toc383179924][bookmark: _Toc393013035]Table 60. Investment costs for using solar energy to produce electricity
	DESCRIPTION
	GYM OF THE HIGH SCHOOL "FILIP VIŠNJIĆ", BIJELJINA
	ELEMENTARY SCHOOL "KNEZ  IVO OD SEMBERIJE", BIJELJINA
	ELEMENTARY SCHOOL AND GYM "DVOROVI", BIJELJINA
	ELEMENTARY SCHOOL "JANKO VESELINOVIĆ" CRNA BARA, BOGATIĆ
	ELEMENTARY SCHOOL "LAZA LAZAREVIĆ" SALAŠ CRNOBARSKI, BOGATIĆ
	ELEMENTARY SCHOOL "NIKOLA TESLA" DUBLJE, BOGATIĆ

	
	Option A
	Option B
	Option A
	Option B
	Option B
	Option A
	Option A
	Option A

	PV modules
	81,150.34 € 
	40,575.17 € 
	62,365.54 € 
	32,309.86 € 
	33,624.79 € 
	19,536.19 € 
	7,326.07 € 
	26,110.87 € 

	Inverters
	52,250.16 € 
	26,125.08 € 
	40,155.21 € 
	20,803.30 € 
	21,649.95 € 
	12,578.74 € 
	4,717.03 € 
	16,811.97 € 

	Structure
	35,034.20 € 
	17,517.10 € 
	26,924.43 € 
	13,948.80 € 
	14,516.48 € 
	8,434.16 € 
	3,162.81 € 
	11,272.58 € 

	Electrical equipment (DC, AC cables, cabinets, protection, grounding...)
	9,892.32 € 
	4,946.16 € 
	7,602.43 € 
	3,938.61 € 
	4,098.90 € 
	2,381.48 € 
	893.06 € 
	3,182.94 € 

	Equipment total
	178,327.01 € 
	89,163.50 € 
	137,047.61 € 
	71,000.57 € 
	73,890.13 € 
	42,930.58 € 
	16,098.97 € 
	57,378.37 € 

	Installation
	17,832.70 € 
	8,916.35 € 
	13,704.76 € 
	7,100.06 € 
	7,389.01 € 
	4,293.06 € 
	1,609.90 € 
	5,737.84 € 

	Construction works
	21,678.78 € 
	-   € 
	30,103.20 € 
	-   € 
	-   € 
	7,995.17 € 
	2,721.40 € 
	10,237.47 € 

	Installation and construction works total
	39,511.48 € 
	8,916.35 € 
	43,807.97 € 
	7,100.06 € 
	7,389.01 € 
	12,288.23 € 
	4,331.30 € 
	15,975.31 € 

	Connection to the grid
	12,192.47 € 
	6,096.24 € 
	9,370.14 € 
	4,854.41 € 
	5,051.97 € 
	2,935.22 € 
	1,100.71 € 
	3,923.04 € 

	Documentation and preparation
	4,090.34 € 
	3,067.75 € 
	4,090.34 € 
	3,067.75 € 
	3,067.75 € 
	2,556.46 € 
	2,556.46 € 
	2,556.46 € 

	Unforeseen costs
	8,916.35 € 
	4,458.18 € 
	6,852.38 € 
	3,550.03 € 
	3,694.51 € 
	2,146.53 € 
	804.95 € 
	2,868.92 € 

	Other and unforeseen costs total
	25,199.16 € 
	13,622.16 € 
	20,312.85 € 
	11,472.19 € 
	11,814.23 € 
	7,638.21 € 
	4,462.12 € 
	9,348.42 € 

	INVESTMENT COSTS TOTAL FOR THE CONSIDERED BUILDINGS
	243,037.64 € 
	111,702.02 € 
	201,168.43 € 
	89,572.81 € 
	93,093.37 € 
	62,857.02 €
	24,892.38 €
	82,702.09 €




The construction works values in option "a", i.e. the recommendations which are necessary to be completed before installation of the solar systems in accordance with the analysis of the architectural and construction possibilities on the considered buildings are shown in the following tables.
[bookmark: _Toc383179925][bookmark: _Toc393013036]Table 61. Value of the construction works before installation of the solar systems on the gym of the high school "Filip Višnjić"
	Number
	Gym of the high school "Filip Višnjić", Bijeljina
	Unit
	Quantity
	Unit price 
	Price 

	1.
	Installation of the mobile and fixed scaffolds in order to access the steel bearing structure
	m²
	1600
	1.28 €
	2,045.17 €

	2.
	Reinforcement of the primary and secondary steel roof structure on existing roof by welding or mounting steel profiles in accordance with the previously performed static analysis and calculation Average spending of cca 8 kg/m² of roof plane
	kg
	12800
	1.53 €
	19,633.61 €

	 
	GYM OF THE HIGH SCHOOL "FILIP VIŠNJIĆ", BIJELJINA - TOTAL
	
	 
	 
	  21,678.78 € 



[bookmark: _Toc383179926][bookmark: _Toc393013037]Table 62. Value of the construction works before installation of the solar systems on the elementary school "Knez Ivo od Semberije"
	Number
	Elementary school "Knez  Ivo od Semberije", Bijeljina
	Unit
	Quantity
	Unit price 
	Price 

	
	SCHOOL BUILDING (Repair of the south roof plane)
	
	
	
	

	1.
	Removal of the current covering-salonite with waste disposal. Calculation per m2 of the inclined projection
	m²
	618
	    2.05 € 
	1,263.10 €

	2.
	Reinforcement of the current roof structure by bilateral plating of the upper girders, by adding reinforcements on the columns and struts of binders
	m²
	618
	  15.34 € 
	9,473.22 €

	3.
	Reinforcement of the roof batten by battening between the current rasters and reinforcements at the place of solar systems mounting. Use the j/s batten 8x5 cm
	m²
	618
	    1.79 € 
	1,105.21 €

	4.
	Procurement of the material and making the new roof covering made of steel galvanized coated trapezoidal sheets LTP 40 d 0.55 mm with a sale at the places of ventilation and solar systems substructure.
	m²
	618
	  10.23 € 
	6,315.48 €

	5.
	Procurement of materials, making and installation of sheet metal flashings and accessories using the same sheet that was used for the covering
	m
	142
	    7.67 € 
	1,086.37 €

	
	SCHOOL BUILDING TOTAL
	
	
	
	19,243.36 €

	
	GYM BUILDING (Repair of structure)
	
	
	
	

	1.
	Removal of the current covering-salonite with waste disposal. Calculation per m2 of the inclined projection
	m²
	720
	    2.05 € 
	1,472.52 €

	2.
	Reinforcement of the current roof structure by bilateral plating of the upper girders, by adding reinforcements on the columns and struts of binders
	kg
	6120
	    1.53 € 
	9,387.32 €

	
	GYM BUILDING TOTAL 
	
	
	
	10,859.84 €

	 
	ELEMENTARY SCHOOL "KNEZ  IVO OD SEMBERIJE"
	
	 
	 
	30,103.20 €


[bookmark: _Toc383179927][bookmark: _Toc393013038]


Table 63. Value of the construction works before installation of the solar systems on the elementary school "Janko Veselinović" Crna Bara
	Number
	Elementary school "Janko Veselinović" Crna Bara, Bogatić
	Unit
	Quantity
	Unit price 
	Price 

	
	Reinforcement of the king post on the east wing and king post and rafters on the south wing
	
	
	
	

	1.
	Reinforcement of the current roof structure by bilateral plating of the king post structure and adding reinforcements on the rafters - plating using boards in the solar systems installation zones
	m²
	488
	  15.34 € 
	      7,491.45 € 

	2.
	Procurement of the material, making and mounting sheet metal flashings and accessories made of galvanized sheet at the places of penetration of the panel substructure through the roof
	m
	164
	    3.07 € 
	         503.72 € 

	 
	ELEMENTARY SCHOOL "JANKO VESELINOVIĆ" CRNA BARA, BOGATIĆ - TOTAL
	 
	 
	 
	     7,995.17 € 



[bookmark: _Toc383179928][bookmark: _Toc393013039]Table 64. Value of the construction works before installation of the solar systems on the elementary school "Laza Lazarević" Salaš Crnobarski
	Number
	Elementary school "Laza Lazarević" Salaš Crnobarski, Bogatić
	Unit
	Quantity
	Unit price 
	Price 

	
	Reinforcement of the king post and rafters on the east part of the building
	
	
	
	

	1.
	Reinforcement of the current roof structure by bilateral plating of the king post structure and adding reinforcements on the rafters - plating using boards in the solar systems installation zones
	m²
	165
	  15.34 € 
	      2,530.89 € 

	2.
	Procurement of the material, making and mounting sheet metal flashings and accessories made of galvanized sheet at the places of penetration of the panel substructure through the roof
	m
	62.1
	    3.07 € 
	         190.51 € 

	 
	ELEMENTARY SCHOOL "LAZA LAZAREVIĆ" SALAŠ CRNOBARSKI, BOGATIĆ - TOTAL
	 
	 
	 
	     2,721.40 € 



[bookmark: _Toc383179929][bookmark: _Toc393013040]Table 65. Value of the construction works before installation of the solar systems on the elementary school "Nikola Tesla" Dublje
	Number
	Elementary school "Nikola Tesla" Dublje, Bogatić
	Unit
	Quantity
	Unit price
	Price

	
	SCHOOL BUILDING (Reinforcement of the king post on the west wing and king post and rafters on the south wing)
	
	
	
	

	1.
	Reinforcement of the current roof structure by bilateral plating of the king post structure and adding reinforcements on the rafters - plating using boards in the solar systems installation zones
	m²
	466
	15.34 €
	7,154.00 €

	2.
	Procurement of the material, making and mounting sheet metal flashings and accessories made of galvanized sheet at the places of penetration of the panel substructure through the roof
	m
	212
	3.07 €
	650.36 €

	
	SCHOOL BUILDING TOTAL

	
	
	
	

7,804.36 €




	
	CHILDREN'S GAME ROOM BUILDING (Reinforcement of the steel roof structure)
	
	
	
	

	1.
	Installation of the façade scaffolding and removal of the ceiling lining with the substructure in order to access the steel bearing structure. The removed ceiling is to be installed again after the steel roof structure has been reinforced
	m²
	141
	2.05 €
	288.37 €

	2.
	Reinforcement of the primary and secondary steel roof structure on existing roof by welding or mounting steel profiles in accordance with the previously performed static analysis and calculation Average spending of cca 8.5 kg/m² of roof plane
	kg
	1199
	1.79 €
	2,144.74 €

	
	CHILDREN'S GAME ROOM BUILDING - TOTAL
	
	
	
	2,433.11 €

	 
	ELEMENTARY SCHOOL "NIKOLA TESLA" DUBLJE, BOGATIĆ - TOTAL
	
	
	
	10,237.47 €



Total cost of the necessary construction works before installation of the solar systems on the considered buildings is 72,736.03 EUR. 71.19% of this amount would be needed for the buildings in Bijeljina, and 28.81% in Bogatić. The recapitulation of costs of construction works before installation of the solar systems, or overview of the considered buildings is shown in the following table. 
[bookmark: _Toc383179930][bookmark: _Toc393013041]Table 66. Recapitulation of costs of construction works before installation of the solar systems on the buildings.
	RECAPITULATION OF COSTS OF CONSTRUCTION WORKS 
	AMOUNT
	%

	Gym of the high school "Filip Višnjić", Bijeljina
	21,678.78 €
	41.87%

	Elementary school "Knez  Ivo od Semberije", Bijeljina
	30,103.20 €
	58.13%

	 Elementary school and gym "Dvorovi", Bijeljina
	-   €
	0.00%

	BIJELJINA
	51,781.98 €
	71.19%

	Elementary school "Janko Veselinović" Crna Bara, Bogatić
	7,995.17 €
	

	Elementary school "Laza Lazarević" Salaš Crnobarski, Bogatić
	2,721.40 €
	12.99%

	Elementary school "Nikola Tesla" Dublje, Bogatić
	10,237.47 €
	48.86%

	BOGATIĆ
	20,954.05 €
	28.81%

	TOTAL COST OF CONSTRUCTION WORKS
	72,736.03 €
	100.00%






[bookmark: _Toc383179145][bookmark: _Toc393011849]Assessment of income earned on the sale of electricity according to the feed-in tariff

Assessment of income is calculated in accordance with the feed-in tariff for solar systems prescribed by the Rule book on Incentives for Generation of Electricity from Renewable Sources and in Efficient Co-generation[footnoteRef:43] and the Decision on the level of guaranteed redemption prices and premiums for electricity generated from renewable energy sources and in efficient cogeneration facilities in the Republic of Srpska and Decree on Incentive Measures for the Privileged Producers of Electricity in the Republic of Serbia, assuming that the agreement on the guaranteed purchase of electricity produced from renewable sources has been signed for the period of 15 years for the considered buildings in Bijeljina and 12 years for he considered buildings in the municipality of Bogatić. [43:  Official Gazette of the Republic of Srpska, number 128/11 and 53/12] 

For the considered buildings in the municipality of Bogatić we considered reviewing the guaranteed purchase price under the provisions of Article 14  of the Decree on Incentive Measures for the Privileged Producers of Electricity in the Republic of Serbia. Also, the annual growth factor in electricity prices by 4.00% and the degradation factor of the panels at the annual level of 0.50% was taken into account.
According to the Decree on Incentive Measures for the Privileged Producers of Electricity in the Republic of Serbia the regular annual adjustment of the incentive purchase prices shall be based on inflation in the eurozone in February each year[footnoteRef:44]. The annual inflation rate in the eurozone in January of 2014 was estimated at the level of 0.70%[footnoteRef:45]. According to the article 29 of the  Rule book on Incentives for Generation of Electricity from Renewable Sources and in Efficient Co-generation, ("Official Gazette of the Republic of Srpska", number 114/13)  when entering into contracts on compulsory purchase by guaranteed purchase prices the rates of the decision which was in force at the time of conclusion of the contract is to be applied, except in event of a major change of convertible mark exchange rate in relation to the euro exchange rate in BiH. [44:  Decree on Incentive Measures for the Privileged Producers of Electricity, Article 14 ]  [45:  Eurostat] 

Electricity prices growth factor of 4.00% was calculated on the basis of growth in electricity prices in Bosnia and Herzegovina and the Republic of Serbia in the previous period and the growth in electricity prices in the European Union. Growth in electricity prices in Bosnia and Herzegovina in the 2011 was 3.8%[footnoteRef:46], in the Republic of Serbia in the 2008 it was 4.60% and in 2013 it was 10.90%, while the increase in electricity prices in the European Union in the period from 2008 to 2012 was 4.00% per annum[footnoteRef:47]. [46:  Bosnia and Herzegovina, the Council of Ministers, Directorate for Economic Planning "Bosnia and Herzegovina, Economic Trends" Annual Report 2011, p. 25, April 2012.]  [47:  European Commission, Communication from the Commission to the European Parliament, the Council, the European Economic and Social Committee and the Committee of the Regions, Energy prices and costs in Europe,  p. 4.] 

Assessment of income earned on the sale of electricity in accordance with the feed-in tariffs during the contract on the guaranteed purchase of electricity generated from renewable sources during the period of 15 years for the considered buildings in Bijeljina and 12 years for the considered buildings in the municipality of Bogatić, and the market prices after the stated period and the possible options is given below.
[bookmark: _Toc383179931][bookmark: _Toc393013042]
Table 67. Assessment of income earned on the sale of electricity in accordance with the feed-in tariffs and market prices after 15 years according to the option "a" and option "b" for the gym of the high school "Filip Višnjić"
		Option a

	 Purchase price, annual production and gross income

	Year
	€/MWh
	Annual production MWh
	Total income €

	1
	150.60 €
	91.7
	13,810.02 €

	2
	150.60 €
	91.2
	13,740.97 €

	3
	150.60 €
	90.8
	13,672.27 €

	4
	150.60 €
	90.3
	13,603.90 €

	5
	150.60 €
	89.9
	13,535.88 €

	6
	150.60 €
	89.4
	13,468.20 €

	7
	150.60 €
	89.0
	13,400.86 €

	8
	150.60 €
	88.5
	13,333.86 €

	9
	150.60 €
	88.1
	13,267.19 €

	10
	150.60 €
	87.7
	13,200.85 €

	11
	150.60 €
	87.2
	13,134.85 €

	12
	150.60 €
	86.8
	13,069.18 €

	13
	150.60 €
	86.3
	13,003.83 €

	14
	150.60 €
	85.9
	12,938.81 €

	15
	150.60 €
	85.5
	12,874.12 €

	16
	271.22 € 
	85.1
	23,069.63 € 

	17
	282.07 € 
	84.6
	23,872.45 € 

	18
	293.35 € 
	84.2
	24,703.21 € 

	19
	305.09 € 
	83.8
	25,562.89 € 

	20
	317.29 € 
	83.4
	26,452.47 € 

	21
	329.98 € 
	83.0
	27,373.02 € 

	22
	343.18 € 
	82.5
	28,325.60 € 

	23
	356.91 € 
	82.1
	29,311.33 € 

	24
	371.19 € 
	81.7
	30,331.37 € 

	25
	386.03 € 
	81.3
	31,386.90 € 

	Total
	470,443.67 €



		Option b

	Purchase price, annual production and gross income

	Year
	€/MWh
	Annual production MWh
	Total income €

	1
	173.70 €
	47.5
	8,250.75 € 

	2
	173.70 €
	47.3
	8,209.50 € 

	3
	173.70 €
	47.0
	8,168.45 € 

	4
	173.70 €
	46.8
	8,127.61 € 

	5
	173.70 €
	46.6
	8,086.97 € 

	6
	173.70 €
	46.3
	8,046.53 € 

	7
	173.70 €
	46.1
	8,006.30 € 

	8
	173.70 €
	45.9
	7,966.27 € 

	9
	173.70 €
	45.6
	7,926.44 € 

	10
	173.70 €
	45.4
	7,886.81 € 

	11
	173.70 €
	45.2
	7,847.37 € 

	12
	173.70 €
	45.0
	7,808.14 € 

	13
	173.70 €
	44.7
	7,769.09 € 

	14
	173.70 €
	44.5
	7,730.25 € 

	15
	173.70 €
	44.3
	7,691.60 € 

	16
	312.82 € 
	44.1
	13,782.87 € 

	17
	325.34 € 
	43.8
	14,262.52 € 

	18
	338.35 € 
	43.6
	14,758.85 € 

	19
	351.88 € 
	43.4
	15,272.46 € 

	20
	365.96 € 
	43.2
	15,803.94 € 

	21
	380.60 € 
	43.0
	16,353.92 € 

	22
	395.82 € 
	42.8
	16,923.03 € 

	23
	411.65 € 
	42.5
	17,511.96 € 

	24
	428.12 € 
	42.3
	18,121.37 € 

	25
	445.25 € 
	42.1
	18,752.00 € 

	Total 
	 281,064.99 €






[bookmark: _Toc383179932][bookmark: _Toc393013043]
Table 68. Assessment of income earned on the sale of electricity in accordance with the feed-in tariffs and market prices after 15 years according to the option "a" and option "b" for the Elementary school "Knez Ivo od Semberije"
		Option a

	Purchase price, annual production and gross income

	Year
	€/MWh
	Annual production MWh
	Total income €

	1
	150.60 €
	91.7
	13,810.02 €

	2
	150.60 €
	91.2
	13,740.97 €

	3
	150.60 €
	90.8
	13,672.27 €

	4
	150.60 €
	90.3
	13,603.90 €

	5
	150.60 €
	89.9
	13,535.88 €

	6
	150.60 €
	89.4
	13,468.20 €

	7
	150.60 €
	89.0
	13,400.86 €

	8
	150.60 €
	88.5
	13,333.86 €

	9
	150.60 €
	88.1
	13,267.19 €

	10
	150.60 €
	87.7
	13,200.85 €

	11
	150.60 €
	87.2
	13,134.85 €

	12
	150.60 €
	86.8
	13,069.18 €

	13
	150.60 €
	86.3
	13,003.83 €

	14
	150.60 €
	85.9
	12,938.81 €

	15
	150.60 €
	85.5
	12,874.12 €

	16
	271.22 € 
	85.1
	23,069.63 € 

	17
	282.07 € 
	84.6
	23,872.45 € 

	18
	293.35 € 
	84.2
	24,703.21 € 

	19
	305.09 € 
	83.8
	25,562.89 € 

	20
	317.29 € 
	83.4
	26,452.47 € 

	21
	329.98 € 
	83.0
	27,373.02 € 

	22
	343.18 € 
	82.5
	28,325.60 € 

	23
	356.91 € 
	82.1
	29,311.33 € 

	24
	371.19 € 
	81.7
	30,331.37 € 

	25
	386.03 € 
	81.3
	31,386.90 € 

	Total
	
	
	470,443.67 €



		Option b

	Purchase price, annual production and gross income

	Year
	€/MWh
	Annual production MWh
	Total income €

	1
	173.70 €
	47.5
	8,250.75 € 

	2
	173.70 €
	47.3
	8,209.50 € 

	3
	173.70 €
	47.0
	8,168.45 € 

	4
	173.70 €
	46.8
	8,127.61 € 

	5
	173.70 €
	46.6
	8,086.97 € 

	6
	173.70 €
	46.3
	8,046.53 € 

	7
	173.70 €
	46.1
	8,006.30 € 

	8
	173.70 €
	45.9
	7,966.27 € 

	9
	173.70 €
	45.6
	7,926.44 € 

	10
	173.70 €
	45.4
	7,886.81 € 

	11
	173.70 €
	45.2
	7,847.37 € 

	12
	173.70 €
	45.0
	7,808.14 € 

	13
	173.70 €
	44.7
	7,769.09 € 

	14
	173.70 €
	44.5
	7,730.25 € 

	15
	173.70 €
	44.3
	7,691.60 € 

	16
	312.82 € 
	44.1
	13,782.87 € 

	17
	325.34 € 
	43.8
	14,262.52 € 

	18
	338.35 € 
	43.6
	14,758.85 € 

	19
	351.88 € 
	43.4
	15,272.46 € 

	20
	365.96 € 
	43.2
	15,803.94 € 

	21
	380.60 € 
	43.0
	16,353.92 € 

	22
	395.82 € 
	42.8
	16,923.03 € 

	23
	411.65 € 
	42.5
	17,511.96 € 

	24
	428.12 € 
	42.3
	18,121.37 € 

	25
	445.25 € 
	42.1
	18,752.00 € 

	Total
	 
	 
	281,064.99 €





[bookmark: _Toc383179933][bookmark: _Toc393013044]
Table 69. Assessment of income earned on the sale of electricity in accordance with the feed-in tariffs and market prices after 15 years according to the option "b" for the Elementary school "Dvorovi"
	Option b

	Purchase price, annual production and gross income

	Year
	€/MWh
	Annual production MWh
	Total income €

	1
	173.70 €
	49.4
	8,580.78 € 

	2
	173.70 €
	49.2
	8,537.88 € 

	3
	173.70 €
	48.9
	8,495.19 € 

	4
	173.70 €
	48.7
	8,452.71 € 

	5
	173.70 €
	48.4
	8,410.45 € 

	6
	173.70 €
	48.2
	8,368.39 € 

	7
	173.70 €
	47.9
	8,326.55 € 

	8
	173.70 €
	47.7
	8,284.92 € 

	9
	173.70 €
	47.5
	8,243.50 € 

	10
	173.70 €
	47.2
	8,202.28 € 

	11
	173.70 €
	47.0
	8,161.27 € 

	12
	173.70 €
	46.7
	8,120.46 € 

	13
	173.70 €
	46.5
	8,079.86 € 

	14
	173.70 €
	46.3
	8,039.46 € 

	15
	173.70 €
	46.1
	7,999.26 € 

	16
	312.82 € 
	45.8
	14,334.19 € 

	17
	325.34 € 
	45.6
	14,833.02 € 

	18
	338.35 € 
	45.4
	15,349.21 € 

	19
	351.88 € 
	45.1
	15,883.36 € 

	20
	365.96 € 
	44.9
	16,436.10 € 

	21
	380.60 € 
	44.7
	17,008.08 € 

	22
	395.82 € 
	44.5
	17,599.96 € 

	23
	411.65 € 
	44.2
	18,212.43 € 

	24
	428.12 € 
	44.0
	18,846.23 € 

	25
	445.25 € 
	43.8
	19,502.08 € 

	Total
	292,307.59 €












[bookmark: _Toc383179934][bookmark: _Toc393013045]Table 70. Assessment of income earned on the sale of electricity in accordance with the feed-in tariffs and market prices after 12 years according to the option "a" for the Elementary school "Janko Veselinović" Crna Bara
	
Option a

	Purchase price, annual production and gross income

	Year
	€/MWh
	Annual production MWh
	Total income €

	1
	206.60 €
	29.3
	6,053.38 €

	2
	208.05 €
	29.2
	6,065.27 €

	3
	209.50 €
	29.0
	6,077.19 €

	4
	210.97 €
	28.9
	6,089.13 €

	5
	212.45 €
	28.7
	6,101.10 €

	6
	213.93 €
	28.6
	6,113.09 €

	7
	215.43 €
	28.4
	6,125.10 €

	8
	216.94 €
	28.3
	6,137.14 €

	9
	218.46 €
	28.1
	6,149.20 €

	10
	219.99 €
	28.0
	6,161.28 €

	11
	221.53 €
	27.9
	6,173.39 €

	12
	223.08 €
	27.7
	6,185.52 €

	13
	372.07 € 
	27.6
	10,265.38 € 

	14
	386.96 € 
	27.5
	10,622.61 € 

	15
	402.44 € 
	27.3
	10,992.28 € 

	16
	418.53 € 
	27.2
	11,374.81 € 

	17
	435.28 € 
	27.0
	11,770.66 € 

	18
	452.69 € 
	26.9
	12,180.28 € 

	19
	470.79 € 
	26.8
	12,604.15 € 

	20
	489.63 € 
	26.6
	13,042.77 € 

	21
	509.21 € 
	26.5
	13,496.66 € 

	22
	529.58 € 
	26.4
	13,966.35 € 

	23
	550.76 € 
	26.2
	14,452.37 € 

	24
	572.79 € 
	26.1
	14,955.32 € 

	25
	595.70 € 
	26.0
	15,475.76 € 

	Total
	
	
	238,630.19 €



[bookmark: _Toc383179935][bookmark: _Toc393013046]
Table 71. Assessment of income earned on the sale of electricity in accordance with the feed-in tariffs and market prices after 12 years according to the option "a" for the Elementary school "Laza Lazarević" Salaš Crnobarski
	Option a

	Purchase price, annual production and gross income

	Year
	€/MWh
	Annual production MWh
	Total income €

	1
	206.60 €
	10.9
	2,251.94 €

	2
	208.05 €
	10.8
	2,256.37 €

	3
	209.50 €
	10.8
	2,260.80 €

	4
	210.97 €
	10.7
	2,265.24 €

	5
	212.45 €
	10.7
	2,269.69 €

	6
	213.93 €
	10.6
	2,274.15 €

	7
	215.43 €
	10.6
	2,278.62 €

	8
	216.94 €
	10.5
	2,283.10 €

	9
	218.46 €
	10.5
	2,287.58 €

	10
	219.99 €
	10.4
	2,292.08 €

	11
	221.53 €
	10.4
	2,296.58 €

	12
	223.08 €
	10.3
	2,301.10 €

	13
	372.07 € 
	10.3
	3,818.86 €

	14
	386.96 € 
	10.2
	3,951.76 € 

	15
	402.44 € 
	10.2
	4,089.28 € 

	16
	418.53 € 
	10.1
	4,231.59 € 

	17
	435.28 € 
	10.1
	4,378.84 € 

	18
	452.69 € 
	10.0
	4,531.23 € 

	19
	470.79 € 
	10.0
	4,688.92 € 

	20
	489.63 € 
	9.9
	4,852.09 €

	21
	509.21 € 
	9.9
	5,020.94 € 

	22
	529.58 € 
	9.8
	5,195.67 € 

	23
	550.76 € 
	9.8
	5,376.48 € 

	24
	572.79 € 
	9.7
	5,563.58 € 

	25
	595.70 € 
	9.7
	5,757.19 € 

	Total
	88,773.69 €


[bookmark: _Toc383179936][bookmark: _Toc393013047]
Table 72. Assessment of income earned on the sale of electricity in accordance with the feed-in tariffs and market prices after 12 years according to the option "a" for the Elementary school "Nikola Tesla" Dublje
	Option a

	Purchase price, annual production and gross income

	Year
	€/MWh
	Annual production MWh
	Total income €

	1
	209.41 €
	38.5
	8,062.29 €

	2
	210.88 €
	38.3
	8,078.13 €

	3
	212.35 €
	38.1
	8,094.00 €

	4
	213.84 €
	37.9
	8,109.91 €

	5
	215.34 €
	37.7
	8,125.84 €

	6
	216.84 €
	37.5
	8,141.81 €

	7
	218.36 €
	37.4
	8,157.81 €

	8
	219.89 €
	37.2
	8,173.84 €

	9
	221.43 €
	37.0
	8,189.90 €

	10
	222.98 €
	36.8
	8,205.99 €

	11
	224.54 €
	36.6
	8,222.12 €

	12
	226.11 €
	36.4
	8,238.27 €

	13
	377.14 € 
	36.3
	13,672.10 € 

	14
	392.22 € 
	36.1
	14,147.89 € 

	15
	407.91 € 
	35.9
	14,640.23 € 

	16
	424.23 € 
	35.7
	15,149.72 € 

	17
	441.20 € 
	35.5
	15,676.93 € 

	18
	458.84 € 
	35.4
	16,222.48 € 

	19
	477.20 € 
	35.2
	16,787.02 € 

	20
	496.28 € 
	35.0
	17,371.21 € 

	21
	516.14 € 
	34.8
	17,975.73 € 

	22
	536.78 € 
	34.7
	18,601.29 € 

	23
	558.25 € 
	34.5
	19,248.61 € 

	24
	580.58 € 
	34.3
	19,918.46 € 

	25
	603.81 € 
	34.1
	20,611.63 € 

	Total
	317,823.20 €



Estimated total income earned on the sale of electricity in accordance with the feed-in tariffs during the contract on the guaranteed purchase of electricity generated from renewable sources during the period of 15 years for the considered buildings in Bijeljina and 12 years for the considered buildings in the municipality of Bogatić, and the market prices after the stated period, is 2,018,477.74 EUR according to the option "a", and 879,648.33 EUR acording to the option "b". Income for the building of the elementary school and gym "Dvorovi" were taken into account in the final cost of both options because it is possible to install solar systems and make profit on this building without necessary construction works, while in the municipality of Bogatić it is possible for all buildings only according to the option "a".
Recapitulation of estimated income earned on the sale of electricity in accordance with the feed-in tariffs during the contract on the guaranteed purchase of electricity generated from renewable sources during the period of 15 years for the considered buildings in Bijeljina and 12 years for the considered buildings in the municipality of Bogatić, and the market prices after the stated period and the possible options is given in the following table.
[bookmark: _Toc383179937][bookmark: _Toc393013048]Table 73. Recapitulation of the estimated income earned on the sale of electricity in accordance with the feed-in tariffs and market prices for the considered buildings
	RECAPITULATION OF INCOME
	OPTION A
	OPTION B
	OPTION A (%)
	OPTION B (%)

	Gym of the high school "Filip Višnjić", Bijeljina
	610,499.41 €
	306,275.76 €
	44.46%
	34.82%

	Elementary school "Knez  Ivo od Semberije", Bijeljina
	470,443.67 €
	281,064.99 €
	34.26%
	31.95%

	 Elementary school and gym "Dvorovi", Bijeljina
	292,307.59 €
	292,307.59 €
	21.29%
	33.23%

	THE CITY OF BIJELJINA
	1,373,250.67 €
	879,648.33 €
	68.03%
	100.00%

	Elementary school "Janko Veselinović" Crna Bara, Bogatić
	238,630.19 €
	- € 
	36.98%
	0.00%

	Elementary school "Laza Lazarević" Salaš Crnobarski, Bogatić
	88,773.69 €
	- € 
	13.76%
	0.00%

	Elementary school "Nikola Tesla" Dublje, Bogatić
	317,823.20 €
	- € 
	49.26%
	0.00%

	MUNICIPALITY OF BOGATIĆ
	645,227.07 €
	-   €
	31.97%
	0.00%

	TOTAL
	2,018,477.74 €
	879,648.33 €
	100.00%
	100.00%





[bookmark: _Toc383179146][bookmark: _Toc393011850]Comparison of annual production and gross income to the electricity consumption

Comparison of annual production and gross income to the electricity consumption in the considered buildings has been done according to the estimated income earned on the sale of electricity in accordance with the feed-in tariffs during the contract on the guaranteed purchase of electricity generated from renewable sources during the period of 15 years for the considered buildings in Bijeljina and 12 years for the considered buildings in the municipality of Bogatić, and the market prices after the stated period and the electricity consumption in 2012.
Electricity consumption in 2012 is shown in the following table (according to the data obtained from the buildings' management).
[bookmark: _Toc383179938][bookmark: _Toc393013049]Table 74. Electricity consumption in 2012 in the considered buildings
	
	Gym of the high school "Filip Višnjić"
	Elementary school "Knez Ivo od Semberije"
	Elementary school and gym "Dvorovi"
	Elementary school "Janko Veselinović" Crna Bara
	Elementary school "Laza Lazarević" Salaš Crnobarski
	Elementary school "Nikola Tesla" Dublje

	Electricity consumption (kWh)
	56,760
	64,750
	35,000
	19,320
	3,553
	4.4400

	Electricity costs (€)
	6,415.69
	6,394.88
	2,453.18
	1,666.39
	306.48
	2,943.15



Comparison of electricity annual production and gross income to the electricity consumption in the considered buildings is shown in the following tables.

[bookmark: _Toc383179939][bookmark: _Toc393013050]Table 75. Comparison of electricity annual production and gross income to the electricity consumption of the gym of the high school "Filip Višnjić"
	Option a
	 
	Option b

	Annual production and gross income
	Electricity consumption
	Difference
	
	Annual production and gross income
	Electricity consumption
	Difference

	Year
	MWh
	€
	MWh
	€
	MWh
	€
	
	Year
	MWh
	€
	MWh
	€
	MWh
	€

	1
	119.0
	17,921.40 €
	56.8
	6,415.69 €
	62.2
	   11,505.71 € 
	
	1
	59.7
	     8,990.82 € 
	56.8
	6,415.69 €
	2.9
	     2,575.13 € 

	2
	118.4
	17,831.79 €
	56.8
	6,415.69 €
	61.6
	   11,416.10 € 
	
	2
	59.4
	     8,945.87 € 
	56.8
	6,415.69 €
	2.6
	     2,530.18 € 

	3
	117.8
	17,742.63 €
	56.8
	6,415.69 €
	61.1
	   11,326.94 € 
	
	3
	59.1
	     8,901.14 € 
	56.8
	6,415.69 €
	2.3
	     2,485.45 € 

	4
	117.2
	17,653.92 €
	56.8
	6,415.69 €
	60.5
	   11,238.23 € 
	
	4
	58.8
	     8,856.63 € 
	56.8
	6,415.69 €
	2.0
	     2,440.94 € 

	5
	116.6
	17,565.65 €
	56.8
	6,415.69 €
	59.9
	   11,149.96 € 
	
	5
	58.5
	     8,812.35 € 
	56.8
	6,415.69 €
	1.7
	     2,396.66 € 

	6
	116.1
	17,477.82 €
	56.8
	6,415.69 €
	59.3
	   11,062.13 € 
	
	6
	58.2
	     8,768.29 € 
	56.8
	6,415.69 €
	1.4
	     2,352.60 € 

	7
	115.5
	17,390.43 €
	56.8
	6,415.69 €
	58.7
	   10,974.74 € 
	
	7
	57.9
	     8,724.44 € 
	56.8
	6,415.69 €
	1.1
	     2,308.75 € 

	8
	114.9
	17,303.48 €
	56.8
	6,415.69 €
	58.1
	   10,887.79 € 
	
	8
	57.6
	     8,680.82 € 
	56.8
	6,415.69 €
	0.8
	     2,265.13 € 

	9
	114.3
	17,216.96 €
	56.8
	6,415.69 €
	57.6
	   10,801.27 € 
	
	9
	57.4
	     8,637.42 € 
	56.8
	6,415.69 €
	0.6
	     2,221.73 € 

	10
	113.8
	17,130.88 €
	56.8
	6,415.69 €
	57.0
	   10,715.19 € 
	
	10
	57.1
	     8,594.23 € 
	56.8
	6,415.69 €
	0.3
	     2,178.54 € 

	11
	113.2
	17,045.23 €
	56.8
	6,415.69 €
	56.4
	   10,629.53 € 
	
	11
	56.8
	     8,551.26 € 
	56.8
	6,415.69 €
	0.0
	     2,135.57 € 

	12
	112.6
	16,960.00 €
	56.8
	6,415.69 €
	55.9
	   10,544.31 € 
	
	12
	56.5
	     8,508.50 € 
	56.8
	6,415.69 €
	-0.3
	     2,092.81 € 

	13
	112.1
	16,875.20 €
	56.8
	6,415.69 €
	55.3
	   10,459.51 € 
	
	13
	56.2
	     8,465.96 € 
	56.8
	6,415.69 €
	-0.6
	     2,050.27 € 

	14
	111.5
	16,790.82 €
	56.8
	6,415.69 €
	54.7
	   10,375.13 € 
	
	14
	55.9
	     8,423.63 € 
	56.8
	6,415.69 €
	-0.9
	     2,007.94 € 

	15
	110.9
	16,706.87 €
	56.8
	6,415.69 €
	54.2
	   10,291.18 € 
	
	15
	55.7
	     8,381.51 € 
	56.8
	6,415.69 €
	-1.1
	     1,965.82 € 

	16
	110.4
	29,937.69 €
	56.8
	6,415.69 €
	53.6
	   23,522.00 € 
	
	16
	55.4
	   15,019.16 € 
	56.8
	6,415.69 €
	-1.4
	     8,603.47 € 

	17
	109.8
	30,979.52 €
	56.8
	6,415.69 €
	53.1
	   24,563.83 € 
	
	17
	55.1
	   15,541.83 € 
	56.8
	6,415.69 €
	-1.7
	     9,126.14 € 

	18
	109.3
	32,057.61 €
	56.8
	6,415.69 €
	52.5
	   25,641.91 € 
	
	18
	54.8
	   16,082.68 € 
	56.8
	6,415.69 €
	-2.0
	     9,666.99 € 

	19
	108.7
	33,173.21 €
	56.8
	6,415.69 €
	52.0
	   26,757.52 € 
	
	19
	54.5
	   16,642.36 € 
	56.8
	6,415.69 €
	-2.3
	10,226.67 €

	20
	108.2
	34,327.64 €
	56.8
	6,415.69 €
	51.4
	   27,911.95 € 
	
	20
	54.3
	   17,221.51 € 
	56.8
	6,415.69 €
	-2.5
	10,805.82 €

	21
	107.6
	35,522.24 €
	56.8
	6,415.69 €
	50.9
	   29,106.55 € 
	
	21
	54.0
	   17,820.82 € 
	56.8
	6,415.69 €
	-2.8
	11,405.13 €

	22
	107.1
	36,758.41 €
	56.8
	6,415.69 €
	50.4
	   30,342.72 € 
	
	22
	53.7
	   18,440.99 € 
	56.8
	6,415.69 €
	-3.1
	12,025.30 €

	23
	106.6
	38,037.61 €
	56.8
	6,415.69 €
	49.8
	   31,621.92 € 
	
	23
	53.5
	   19,082.73 € 
	56.8
	6,415.69 €
	-3.3
	12,667.04 €

	24
	106.0
	39,361.31 €
	56.8
	6,415.69 €
	49.3
	   32,945.62 € 
	
	24
	53.2
	   19,746.81 € 
	56.8
	6,415.69 €
	-3.6
	13,331.12 €

	25
	105.5
	40,731.09 €
	56.8
	6,415.69 €
	48.8
	   34,315.40 € 
	
	25
	52.9
	   20,434.00 € 
	56.8
	6,415.69 €
	-3.9
	14,018.31 €

	Total
	610,499.41 €
	
	160,392.26 €
	
	450,107.15 €
	
	Total
	306,275.76 €
	 
	160,392.26 €
	 
	145,883.50 €


[bookmark: _Toc383179940][bookmark: _Toc393013051]Table 76. Comparison of electricity annual production and gross income to the electricity consumption of the Elementary school "Knez Ivo od Semberije"
	Option a
	 
	Option b

	Annual production and gross income
	Electricity consumption
	Difference
	
	Annual production and gross income
	Electricity consumption
	Difference

	Year
	MWh
	€
	MWh
	€
	MWh
	€
	
	Year
	MWh
	€
	MWh
	€
	MWh
	€

	1
	91.7
	13,810.02 €
	64.75
	6,394.88 €
	27.0
	     7,415.14 € 
	
	1
	47.5
	8,250.75 €
	64.75
	6,394.88 €
	-17.3
	1,855.87 €

	2
	91.2
	13,740.97 €
	64.75
	6,394.88 €
	26.5
	     7,346.09 € 
	
	2
	47.3
	8,209.50 €
	64.75
	6,394.88 €
	-17.5
	1,814.62 €

	3
	90.8
	13,672.27 €
	64.75
	6,394.88 €
	26.1
	     7,277.39 € 
	
	3
	47.0
	8,168.45 €
	64.75
	6,394.88 €
	-17.8
	1,773.57 €

	4
	90.3
	13,603.90 €
	64.75
	6,394.88 €
	25.6
	     7,209.02 € 
	
	4
	46.8
	8,127.61 €
	64.75
	6,394.88 €
	-18.0
	1,732.73 €

	5
	89.9
	13,535.88 €
	64.75
	6,394.88 €
	25.2
	     7,141.00 € 
	
	5
	46.6
	8,086.97 €
	64.75
	6,394.88 €
	-18.2
	1,692.09 €

	6
	89.4
	13,468.20 €
	64.75
	6,394.88 €
	24.7
	     7,073.32 € 
	
	6
	46.3
	8,046.53 €
	64.75
	6,394.88 €
	-18.5
	1,651.65 €

	7
	89.0
	13,400.86 €
	64.75
	6,394.88 €
	24.3
	     7,005.98 € 
	
	7
	46.1
	8,006.30 €
	64.75
	6,394.88 €
	-18.7
	1,611.42 €

	8
	88.5
	13,333.86 €
	64.75
	6,394.88 €
	23.8
	     6,938.98 € 
	
	8
	45.9
	7,966.27 €
	64.75
	6,394.88 €
	-18.9
	1,571.39 €

	9
	88.1
	13,267.19 €
	64.75
	6,394.88 €
	23.4
	     6,872.31 € 
	
	9
	45.6
	7,926.44 €
	64.75
	6,394.88 €
	-19.2
	1,531.56 €

	10
	87.7
	13,200.85 €
	64.75
	6,394.88 €
	23.0
	     6,805.97 € 
	
	10
	45.4
	7,886.81 €
	64.75
	6,394.88 €
	-19.4
	1,491.93 €

	11
	87.2
	13,134.85 €
	64.75
	6,394.88 €
	22.5
	     6,739.97 € 
	
	11
	45.2
	7,847.37 €
	64.75
	6,394.88 €
	-19.6
	1,452.49 €

	12
	86.8
	13,069.18 €
	64.75
	6,394.88 €
	22.1
	     6,674.30 € 
	
	12
	45.0
	7,808.14 €
	64.75
	6,394.88 €
	-19.8
	1,413.26 €

	13
	86.3
	13,003.83 €
	64.75
	6,394.88 €
	21.6
	     6,608.95 € 
	
	13
	44.7
	7,769.09 €
	64.75
	6,394.88 €
	-20.1
	1,374.21 €

	14
	85.9
	12,938.81 €
	64.75
	6,394.88 €
	21.2
	     6,543.93 € 
	
	14
	44.5
	7,730.25 €
	64.75
	6,394.88 €
	-20.3
	1,335.37 €

	15
	85.5
	12,874.12 €
	64.75
	6,394.88 €
	20.8
	     6,479.24 € 
	
	15
	44.3
	7,691.60 €
	64.75
	6,394.88 €
	-20.5
	1,296.72 €

	16
	85.1
	23,069.63 €
	64.75
	6,394.88 €
	20.4
	   16,674.75 € 
	
	16
	44.1
	13,782.87 €
	64.75
	6,394.88 €
	-20.7
	7,387.99 €

	17
	84.6
	23,872.45 €
	64.75
	6,394.88 €
	19.9
	   17,477.57 € 
	
	17
	43.8
	14,262.52 €
	64.75
	6,394.88 €
	-21.0
	7,867.64 €

	18
	84.2
	24,703.21 €
	64.75
	6,394.88 €
	19.5
	   18,308.33 € 
	
	18
	43.6
	14,758.85 €
	64.75
	6,394.88 €
	-21.2
	8,363.97 €

	19
	83.8
	25,562.89 €
	64.75
	6,394.88 €
	19.1
	   19,168.01 € 
	
	19
	43.4
	15,272.46 €
	64.75
	6,394.88 €
	-21.4
	8,877.58 €

	20
	83.4
	26,452.47 €
	64.75
	6,394.88 €
	18.7
	   20,057.59 € 
	
	20
	43.2
	15,803.94 €
	64.75
	6,394.88 €
	-21.6
	9,409.06 €

	21
	83.0
	27,373.02 €
	64.75
	6,394.88 €
	18.3
	   20,978.14 € 
	
	21
	43.0
	16,353.92 €
	64.75
	6,394.88 €
	-21.8
	9,959.04 €

	22
	82.5
	28,325.60 €
	64.75
	6,394.88 €
	17.8
	   21,930.72 € 
	
	22
	42.8
	16,923.03 €
	64.75
	6,394.88 €
	-22.0
	10,528.15 €

	23
	82.1
	29,311.33 €
	64.75
	6,394.88 €
	17.4
	   22,916.45 € 
	
	23
	42.5
	17,511.96 €
	64.75
	6,394.88 €
	-22.3
	11,117.08 €

	24
	81.7
	30,331.37 €
	64.75
	6,394.88 €
	17.0
	   23,936.49 € 
	
	24
	42.3
	18,121.37 €
	64.75
	6,394.88 €
	-22.5
	11,726.49 €

	25
	81.3
	31,386.90 €
	64.75
	6,394.88 €
	16.6
	   24,992.02 € 
	
	25
	42.1
	18,752.00 €
	64.75
	6,394.88 €
	-22.7
	12,357.12 €

	 Total
	470,443.66 €
	 
	159,871.90 €
	 
	310,571.76 €
	
	Total
	306,275.76 €
	
	159,871.90 €
	
	121,193.10 €



[bookmark: _Toc383179941][bookmark: _Toc393013052]Table 77. Comparison of electricity annual production and gross income to the electricity consumption of the Elementary school "Dvorovi"
	Option b

	Annual production and gross income
	Electricity consumption
	Difference

	Year
	MWh
	€
	MWh
	€
	MWh
	€

	1
	49.4
	8,580.78 €
	35.00
	2,453.18 €
	14.4
	6,127.60 €

	2
	49.2
	8,537.88 €
	35.00
	2,453.18 €
	14.2
	6,084.70 €

	3
	48.9
	8,495.19 €
	35.00
	2,453.18 €
	13.9
	6,042.01 €

	4
	48.7
	8,452.71 €
	35.00
	2,453.18 €
	13.7
	5,999.53 €

	5
	48.4
	8,410.45 €
	35.00
	2,453.18 €
	13.4
	5,957.27 €

	6
	48.2
	8,368.39 €
	35.00
	2,453.18 €
	13.2
	5,915.21 €

	7
	47.9
	8,326.55 €
	35.00
	2,453.18 €
	12.9
	5,873.37 €

	8
	47.7
	8,284.92 €
	35.00
	2,453.18 €
	12.7
	5,831.74 €

	9
	47.5
	8,243.50 €
	35.00
	2,453.18 €
	12.5
	5,790.32 €

	10
	47.2
	8,202.28 €
	35.00
	2,453.18 €
	12.2
	5,749.10 €

	11
	47.0
	8,161.27 €
	35.00
	2,453.18 €
	12.0
	5,708.09 €

	12
	46.7
	8,120.46 €
	35.00
	2,453.18 €
	11.7
	5,667.28 €

	13
	46.5
	8,079.86 €
	35.00
	2,453.18 €
	11.5
	5,626.68 €

	14
	46.3
	8,039.46 €
	35.00
	2,453.18 €
	11.3
	5,586.28 €

	15
	46.1
	7,999.26 €
	35.00
	2,453.18 €
	11.1
	5,546.08 €

	16
	45.8
	14,334.19 €
	35.00
	2,453.18 €
	10.8
	11,881.01 €

	17
	45.6
	14,833.02 €
	35.00
	2,453.18 €
	10.6
	12,379.84 €

	18
	45.4
	15,349.21 €
	35.00
	2,453.18 €
	10.4
	12,896.03 €

	19
	45.1
	15,883.36 €
	35.00
	2,453.18 €
	10.1
	13,430.18 €

	20
	44.9
	16,436.10 €
	35.00
	2,453.18 €
	9.9
	13,982.92 €

	21
	44.7
	17,008.08 €
	35.00
	2,453.18 €
	9.7
	14,554.90 €

	22
	44.5
	17,599.96 €
	35.00
	2,453.18 €
	9.5
	15,146.78 €

	23
	44.2
	18,212.43 €
	35.00
	2,453.18 €
	9.2
	15,759.25 €

	24
	44.0
	18,846.23 €
	35.00
	2,453.18 €
	9.0
	16,393.05 €

	25
	43.8
	19,502.08 €
	35.00
	2,453.18 €
	8.8
	17,048.90 €

	 Total
	292,307.62 €
	
	61,329.46 €
	
	230,978.16 €



[bookmark: _Toc383179942][bookmark: _Toc393013053]
Table 78. Comparison of electricity annual production and gross income to the electricity consumption of the Elementary school "Janko Veselinović" Crna Bara
	Option a

	Annual production and gross income
	Electricity consumption
	Difference

	Year
	MWh
	€
	MWh
	€
	MWh
	€

	1
	29.3
	6,053.38 €
	19.32
	1,666.39 €
	10.0
	4,386.99 €

	2
	29.2
	6,065.27 €
	19.32
	1,666.39 €
	9.9
	4,398.88 €

	3
	29.0
	6,077.19 €
	19.32
	1,666.39 €
	9.7
	4,410.80 €

	4
	28.9
	6,089.13 €
	19.32
	1,666.39 €
	9.6
	4,422.74 €

	5
	28.7
	6,101.10 €
	19.32
	1,666.39 €
	9.4
	4,434.71 €

	6
	28.6
	6,113.09 €
	19.32
	1,666.39 €
	9.3
	4,446.70 €

	7
	28.4
	6,125.10 €
	19.32
	1,666.39 €
	9.1
	4,458.71 €

	8
	28.3
	6,137.14 €
	19.32
	1,666.39 €
	9.0
	4,470.75 €

	9
	28.1
	6,149.20 €
	19.32
	1,666.39 €
	8.8
	4,482.81 €

	10
	28.0
	6,161.28 €
	19.32
	1,666.39 €
	8.7
	4,494.89 €

	11
	27.9
	6,173.39 €
	19.32
	1,666.39 €
	8.6
	4,507.00 €

	12
	27.7
	6,185.52 €
	19.32
	1,666.39 €
	8.4
	4,519.13 €

	13
	27.6
	10,265.38 €
	19.32
	1,666.39 €
	8.3
	8,598.99 €

	14
	27.5
	10,622.61 €
	19.32
	1,666.39 €
	8.2
	8,956.22 €

	15
	27.3
	10,992.28 €
	19.32
	1,666.39 €
	8.0
	9,325.89 €

	16
	27.2
	11,374.81 €
	19.32
	1,666.39 €
	7.9
	9,708.42 €

	17
	27.0
	11,770.66 €
	19.32
	1,666.39 €
	7.7
	10,104.27 €

	18
	26.9
	12,180.28 €
	19.32
	1,666.39 €
	7.6
	10,513.89 €

	19
	26.8
	12,604.15 €
	19.32
	1,666.39 €
	7.5
	10,937.76 €

	20
	26.6
	13,042.77 €
	19.32
	1,666.39 €
	7.3
	11,376.38 €

	21
	26.5
	13,496.66 €
	19.32
	1,666.39 €
	7.2
	11,830.27 €

	22
	26.4
	13,966.35 €
	19.32
	1,666.39 €
	7.1
	12,299.96 €

	23
	26.2
	14,452.37 €
	19.32
	1,666.39 €
	6.9
	12,785.98 €

	24
	26.1
	14,955.32 €
	19.32
	1,666.39 €
	6.8
	13,288.93 €

	25
	26.0
	15,475.76 €
	19.32
	1,666.39 €
	6.7
	13,809.37 €

	 Total
	238,630.19 €
	
	41,659.75 €
	
	196,970.44 €



[bookmark: _Toc383179943][bookmark: _Toc393013054]
Table 79. Comparison of electricity annual production and gross income to the electricity consumption of the Elementary school "Laza Lazarević" Salaš Crnobarski

	Option a

	Annual production and gross income
	Electricity consumption
	Difference

	Year
	MWh
	€
	MWh
	€
	MWh
	€

	1
	10.9
	2,251.94 €
	3.6
	306.48 €
	7.3
	1,945.46 €

	2
	10.8
	2,256.37 €
	3.6
	306.48 €
	7.2
	1,949.89 €

	3
	10.8
	2,260.80 €
	3.6
	306.48 €
	7.2
	1,954.32 €

	4
	10.7
	2,265.24 €
	3.6
	306.48 €
	7.1
	1,958.76 €

	5
	10.7
	2,269.69 €
	3.6
	306.48 €
	7.1
	1,963.21 €

	6
	10.6
	2,274.15 €
	3.6
	306.48 €
	7.0
	1,967.67 €

	7
	10.6
	2,278.62 €
	3.6
	306.48 €
	7.0
	1,972.14 €

	8
	10.5
	2,283.10 €
	3.6
	306.48 €
	6.9
	1,976.62 €

	9
	10.5
	2,287.58 €
	3.6
	306.48 €
	6.9
	1,981.10 €

	10
	10.4
	2,292.08 €
	3.6
	306.48 €
	6.8
	1,985.60 €

	11
	10.4
	2,296.58 €
	3.6
	306.48 €
	6.8
	1,990.10 €

	12
	10.3
	2,301.10 €
	3.6
	306.48 €
	6.7
	1,994.62 €

	13
	10.3
	3,818.86 €
	3.6
	306.48 €
	6.7
	3,512.38 €

	14
	10.2
	3,951.76 €
	3.6
	306.48 €
	6.6
	3,645.28 €

	15
	10.2
	4,089.28 €
	3.6
	306.48 €
	6.6
	3,782.80 €

	16
	10.1
	4,231.59 €
	3.6
	306.48 €
	6.5
	3,925.11 €

	17
	10.1
	4,378.84 €
	3.6
	306.48 €
	6.5
	4,072.36 €

	18
	10.0
	4,531.23 €
	3.6
	306.48 €
	6.4
	4,224.75 €

	19
	10.0
	4,688.92 €
	3.6
	306.48 €
	6.4
	4,382.44 €

	20
	9.9
	4,852.09 €
	3.6
	306.48 €
	6.3
	4,545.61 €

	21
	9.9
	5,020.94 €
	3.6
	306.48 €
	6.3
	4,714.46 €

	22
	9.8
	5,195.67 €
	3.6
	306.48 €
	6.2
	4,889.19 €

	23
	9.8
	5,376.48 €
	3.6
	306.48 €
	6.2
	5,070.00 €

	24
	9.7
	5,563.58 €
	3.6
	306.48 €
	6.1
	5,257.10 €

	25
	9.7
	5,757.19 €
	3.6
	306.48 €
	6.1
	5,450.71 €

	Total
	88,773.68 €
	
	7,662.00 €
	
	81,111.68 €



[bookmark: _Toc383179944][bookmark: _Toc393013055]
Table 80. Comparison of electricity annual production and gross income to the electricity consumption of the Elementary school "Nikola Tesla" Dublje
	Option a

	Annual production and gross income
	Electricity consumption
	Difference

	Year
	MWh
	€
	MWh
	€
	MWh
	€

	1
	38.5
	8,062.29 €
	44.4
	2,943.15 €
	-5.9
	5,119.14 €

	2
	38.3
	8,078.13 €
	44.4
	2,943.15 €
	-6.1
	5,134.98 €

	3
	38.1
	8,094.00 €
	44.4
	2,943.15 €
	-6.3
	5,150.85 €

	4
	37.9
	8,109.91 €
	44.4
	2,943.15 €
	-6.5
	5,166.76 €

	5
	37.7
	8,125.84 €
	44.4
	2,943.15 €
	-6.7
	5,182.69 €

	6
	37.5
	8,141.81 €
	44.4
	2,943.15 €
	-6.9
	5,198.66 €

	7
	37.4
	8,157.81 €
	44.4
	2,943.15 €
	-7.0
	5,214.66 €

	8
	37.2
	8,173.84 €
	44.4
	2,943.15 €
	-7.2
	5,230.69 €

	9
	37.0
	8,189.90 €
	44.4
	2,943.15 €
	-7.4
	5,246.75 €

	10
	36.8
	8,205.99 €
	44.4
	2,943.15 €
	-7.6
	5,262.84 €

	11
	36.6
	8,222.12 €
	44.4
	2,943.15 €
	-7.8
	5,278.97 €

	12
	36.4
	8,238.27 €
	44.4
	2,943.15 €
	-8.0
	5,295.12 €

	13
	36.3
	13,672.10 €
	44.4
	2,943.15 €
	-8.1
	10,728.95 €

	14
	36.1
	14,147.89 €
	44.4
	2,943.15 €
	-8.3
	11,204.74 €

	15
	35.9
	14,640.23 €
	44.4
	2,943.15 €
	-8.5
	11,697.08 €

	16
	35.7
	15,149.72 €
	44.4
	2,943.15 €
	-8.7
	12,206.57 €

	17
	35.5
	15,676.93 €
	44.4
	2,943.15 €
	-8.9
	12,733.78 €

	18
	35.4
	16,222.48 €
	44.4
	2,943.15 €
	-9.0
	13,279.33 €

	19
	35.2
	16,787.02 €
	44.4
	2,943.15 €
	-9.2
	13,843.87 €

	20
	35.0
	17,371.21 €
	44.4
	2,943.15 €
	-9.4
	14,428.06 €

	21
	34.8
	17,975.73 €
	44.4
	2,943.15 €
	-9.6
	15,032.58 €

	22
	34.7
	18,601.29 €
	44.4
	2,943.15 €
	-9.7
	15,658.14 €

	23
	34.5
	19,248.61 €
	44.4
	2,943.15 €
	-9.9
	16,305.46 €

	24
	34.3
	19,918.46 €
	44.4
	2,943.15 €
	-10.1
	16,975.31 €

	25
	34.1
	20,611.63 €
	44.4
	2,943.15 €
	-10.3
	17,668.48 €

	 Total
	317,823.21 €
	 
	73,578.75 €
	 
	244,244.46 €



It can be seen from the previous tables that for all buildings, except for the gym of the high school "Filip Višnjić" in option "b", Elementary school "Knez Ivo od Semberije" in option "b" and the building of the Elementary school "Nikola Tesla" Dublje, it is possible to achieve excess electricity, so these buildings can satisfy their needs for electricity. If we observe differences in electricity prices by feed-in tariffs during the term of contract on the guaranteed purchase of electricity produced from renewable sources for the period of 15 years for the considered buildings in Bijeljina and 12 years for the considered buildings in the municipality of Bogatić, market prices during these periods and prices of electricity for the year 2012, a positive difference is achieved for the considered buildings in all years.

[bookmark: _Toc383179147][bookmark: _Toc393011851]Assessment of return on investment for the considered buildings

Based on previous parameters and projections, cash flows projection has been done as the difference between positive and negative cash flows of effectuating the project. Positive cash flows represent income that is expected per year for the entire life of the project, or the income from the sale of electricity in accordance with the feed-in tariffs and market prices after 12 years, while negative cash flows represent all categories of expenditure (interest and repayment of loan, as well as costs of maintenance and insurance) that are expected during the project life.
Also, based on the same parameters and projections, an analysis has been done of the project according to the basic methods of evaluation of investment projects determined on the basis of the report of cash flows from the perspective of the owner of the project (IRR, NPV, payback period) and report relating to the cash flows when viewed from the perspective of investors or financial institutions (ADSCR and DSCR).
Looking from the perspective of the owner of the project, given that the IRR is greater than the discount rate for all considered buildings, the NPV is positive, except for the elementary school "Laza Lazarević" Salaš Crnobarski. Accordingly, the project will be able to cover operating costs, cash costs of 4% and it will have a rise in the value of effectuating the project. It is important to note that all analyses were performed with included depreciation costs, which means that at the end of effectuating the project there will be sufficient funds accumulated to purchase new equipment to continue operating or investing. The payback period ranges from 17-23 years.
However, looking from the perspective of investors or financial institutions, the basic conclusion of this analysis is that the project does not generate enough money during the first 12 or 15 years during the loans repayment to cover cash costs of 4% (interest costs) and the repayment of the loan, as financial indicators ADSCR and DSCR are less than 1. ADSCR and DSCR values ​​show that in all cases the project will encounter difficulties in all 12 or 15 years of the repayment period, because the ADSCR values ​​are less than 1. DSCR values ​​also indicate that the project will not be eligible for bridge financing.

[bookmark: _Toc383179945][bookmark: _Toc393013056]Table 81. Financial indicators for the considered buildings
	Financial indicators
	GYM OF THE HIGH SCHOOL "FILIP VIŠNJIĆ", BIJELJINA
	ELEMENTARY SCHOOL "KNEZ  IVO OD SEMBERIJE", BIJELJINA
	ELEMENTARY SCHOOL AND GYM "DVOROVI", BIJELJINA
	ELEMENTARY SCHOOL "JANKO VESELINOVIĆ" CRNA BARA, BOGATIĆ
	ELEMENTARY SCHOOL "LAZA LAZAREVIĆ" SALAŠ CRNOBARSKI, BOGATIĆ
	ELEMENTARY SCHOOL "NIKOLA TESLA" DUBLJE, BOGATIĆ

	
	Option a
	Option b
	Option a
	Option b
	Option b
	Option a
	Option a
	Option a

	Net present value (NPV)
	54,869.18 € 
	20,246.84 € 
	20,841.78 € 
	27,635.46 € 
	30,185.26 € 
	27,544.27 €
	-11,770.91 € 
	 48,568.94 € 

	Internal Rate of Return (IRR)
	8.30%
	7.19%
	5.87%
	9.56%
	9.92%
	9.79%
	-
	12.36%

	Payback period (years)
	21
	22
	23
	21
	20
	19
	-
	17

	Annual Debt Service Coverage Ratio (ADSCR)
	<1 (for all years)
	<1 (for all years)
	<1 (for all years)
	<1 (for all years)
	<1 (for all years)
	<1 (for all years)
	<1 (for all years)
	<1 (for all years)

	Debt Service Coverage Ratio (DSCR)
	<1 (for all years)
	<1 (for all years)
	<1 (for all years)
	<1 (for all years)
	<1 (for all years)
	<1 (for all years)
	<1 (for all years)
	<1 (for all years)



[bookmark: _Toc383179148][bookmark: _Toc393011852]Scenario of technical and technological solutions for using solar energy to produce thermal energy 
[bookmark: _Toc383179149][bookmark: _Toc393011853]Investment costs

Investment costs of using solar energy to produce electricity include investments for the equipment used for the production of thermal energy in the considered buildings. This equipment consists of evacuated-tube solar collector, kit with the necessary substructure and flat plate solar collector, kit with the necessary substructure, and investment in the necessary accessories and the necessary mounting works.
Scenario of technical and technological solutions for using solar energy to produce thermal energy on the considered buildings takes into account the construction works, or recommendations that need to be done before installation of the solar systems in accordance with the analysis of architectural and construction options for the considered objects. Given that the value of construction works for the considered buildings is shown in the scenario of technical and technological solutions for using solar energy to produce electricity on the considered buildings, they will not not be specially shown in this chapter. The total investment costs of using solar energy to produce thermal energy for the considered buildings are shown in the following table.
[bookmark: _Toc383179946][bookmark: _Toc393013057]Table 82.  Investment costs for using solar energy to produce thermal energy
	
	OPTION A
	OPTION B

	
	Heating of the building
	Sanitary hot water 
	Heating of the building
	Sanitary hot water 

	RECAPITULATION OF THE INVESTMENT COSTS
	 
	 
	 
	 

	Gym of the high school "Filip Višnjić", Bijeljina
	       115,986.56 € 
	         30,062.68 € 
	         94,307.79 € 
	            8,383.91 € 

	Elementary school "Knez  Ivo od Semberije", Bijeljina
	       152,675.21 € 
	         38,487.11 € 
	       122,572.00 € 
	            8,383.91 € 

	 Elementary school and gym "Dvorovi", Bijeljina
	         92,932.41 € 
	            6,133.46 € 
	         92,932.41 € 
	            6,133.46 € 

	THE CITY OF BIJELJINA
	      361,594.18 € 
	         74,683.25 € 
	      309,812.20 € 
	         22,901.27 € 

	Elementary school "Janko Veselinović" Crna Bara, Bogatić
	         36,635.19 € 
	         13,347.89 € 
	                          -   € 
	                          -   € 

	Elementary school "Laza Lazarević" Salaš Crnobarski, Bogatić
	         22,884.20 € 
	            8,074.12 € 
	                          -   € 
	                          -   € 

	Elementary school "Nikola Tesla" Dublje, Bogatić
	         72,290.41 € 
	         15,590.18 € 
	                          -   € 
	                          -   € 

	MUNICIPALITY OF BOGATIĆ
	      131,809.79 € 
	         37,012.19 € 
	                          -   € 
	                          -   € 

	INVESTMENT COSTS TOTAL
	      493,403.98 € 
	      111,695.44 € 
	      309,812.20 € 
	         22,901.27 € 



Investment costs for the building of the elementary school and gym "Dvorovi" were taken into account in the final cost of both options because it is possible to install solar systems on this building without necessary construction works, while in the municipality of Bogatić it is possible for all buildings only according to the option "a". 
Investment costs of technical and technological solutions for using solar energy to produce thermal energy on the considered buildings (excluding the construction works costs) are shown in the following table.
[bookmark: _Toc383179947][bookmark: _Toc393013058]Table 83. Investment costs of technical and technological solutions for using solar energy to produce thermal energy on the considered buildings (excluding the construction works costs)
	DESCRIPTION
	GYM OF THE HIGH SCHOOL "FILIP VIŠNJIĆ", BIJELJINA
	ELEMENTARY SCHOOL "KNEZ  IVO OD SEMBERIJE", BIJELJINA
	ELEMENTARY SCHOOL AND GYM "DVOROVI", BIJELJINA
	ELEMENTARY SCHOOL "NIKOLA TESLA" DUBLJE, BOGATIĆ
	ELEMENTARY SCHOOL "JANKO VESELINOVIĆ" CRNA BARA, BOGATIĆ
	ELEMENTARY SCHOOL "LAZA LAZAREVIĆ" SALAŠ CRNOBARSKI, BOGATIĆ

	
	Heating of the building
	Sanitary hot water 
	Heating of the building
	Sanitary hot water 
	Heating of the building
	Sanitary hot water 
	Heating of the building
	Sanitary hot water 
	Heating of the building
	Sanitary hot water 
	Heating of the building
	Sanitary hot water 

	Evacuated-tube solar collector kit with the necessary substructure/Flat plate solar collector kit with the necessary substructure
	55,219.52 € 
	2,045.17 € 
	73,626.03 € 
	2,045.17 € 
	55,219.52 € 
	1,227.10 € 
	36,813.02 € 
	1,227.10 € 
	3,681.30 € 
	1,227.10 € 
	9,203.25 € 
	1,227.10 € 

	Solar operation group, consisting of:
	 6,135.50 € 
	1,508.31 € 
	 8,180.67 € 
	1,508.31 € 
	6,135.50 € 
	1,278.23 € 
	4,090.34 € 
	818.07 € 
	4,090.34 € 
	818.07 € 
	1,278.23 € 
	818.07 € 

	circulation pump, 
	
	
	
	
	
	
	
	
	
	
	
	

	closed diaphragm expansion vessel,
	
	
	
	
	
	
	
	
	
	
	
	

	safety valve,
	
	
	
	
	
	
	
	
	
	
	
	

	field equipment for automatic control of solar heating circle.
	
	
	
	
	
	
	
	
	
	
	
	

	Armature necessary for the smooth operation of the installation, such as:
	766.94 € 
	255.65 € 
	1,022.58 € 
	255.65 € 
	766.94 € 
	255.65 € 
	562.42 € 
	230.08 € 
	562.42 € 
	230.08 € 
	460.16 € 
	230.08 € 

	 -   ball valve with threaded connection
	
	
	
	
	
	
	
	
	
	
	
	

	-   strainer with threaded connection 
	
	
	
	
	
	
	
	
	
	
	
	

	-   check valve with threaded connection 
	
	
	
	
	
	
	
	
	
	
	
	

	-    solar installation charging armatures
	
	
	
	
	
	
	
	
	
	
	
	

	-    drain tap
	
	
	
	
	
	
	
	
	
	
	
	

	-    metering armature (pressure gauges, thermometers, etc.)
	
	
	
	
	
	
	
	
	
	
	
	

	-    installation vent kit 
	
	
	
	
	
	
	
	
	
	
	
	

	Pipeline, made of Cu pipes (rigid copper), insulated using vapour proof material from vulcanised synthetic rubber, resistant to high temperature
	4,857.27 € 
	766.94 € 
	6,391.15 € 
	766.94 € 
	4,601.63 € 
	639.11 € 
	3,118.88 € 
	613.55 € 
	3,118.88 € 
	613.55 € 
	1,431.62 € 
	613.55 € 

	Accumulation tank for hot water with tubular heat exchanger (installed spiral (heater) in the lower zone of the boiler) for connecting the solar collectors
	5,368.56 € 
	1,073.71 € 
	7,158.09 € 
	1,073.71 € 
	5,368.56 € 
	797.62 € 
	3,579.04 € 
	715.81 € 
	3,579.04 € 
	715.81 € 
	1,124.84 € 
	715.81 € 

	with all necessary armature for connecting into the system and smooth operation
	
	
	
	
	
	
	
	
	
	
	
	

	100% ethylene-glycol, for the preparation of the heat carrier in the solar system
	766.94 € 
	306.78 € 
	869.20 € 
	306.78 € 
	715.81 € 
	230.08 € 
	460.16 € 
	194.29 € 
	434.60 € 
	194.29 € 
	255.65 € 
	194.29 € 

	Mounting works, including
	10,967.21 €
	893.48 € 
	14,587.16 € 
	893.48 € 
	10,921.19 €
	683.09 € 
	7,293.58 € 
	531.23 € 
	7,293.58 € 
	531.23 € 
	2,063.06 € 
	531.23 € 

	installation of the mentioned equipment and charging the installation,
	
	
	
	
	
	
	
	
	
	
	
	

	commissioning of solar installation in operation under favourable weather conditions, rough and fine control, labelling of equipment and pipelines
	
	
	
	
	
	
	
	
	
	
	
	

	Adaptation of current installations for integration into the system with solar heating installations
	10,225.84 € 
	1,533.88 € 
	10,737.13 € 
	1,533.88 € 
	9,203.25 € 
	1,022.58 € 
	6,135.50 € 
	1,022.58 € 
	5,879.86 € 
	1,022.58 € 
	4,345.98 € 
	1,022.58 € 

	
Total

	94,307.79 € 
	8,383.91 € 
	122,572.00 €
	8,383.91 € 
	92,932.41 €
	6,133.46 € 
	62,052.94 € 
	5,352.71 €
	28,640.01 €
	5,352.71 €
	20,162.80 €
	5,352.71 €



[bookmark: _Toc383179150][bookmark: _Toc393011854]Assessment of savings generated by using thermal systems (TS) in relation to the current market situation

Assessment of savings realized by using thermal systems (TS) in relation to the current market situation has been done in accordance with the current market prices including the transportation costs of 80.00 EUR per tonne. Annual price increase of 3% was taken into account. Also, an estimate of savings generated by using the TS systems in relation to the current market situation takes into account the calculation of saving energy during the heating season, dealt with in the chapter related to the analysis of possible technical and technological solutions for using solar energy to produce thermal energy on the considered buildings[footnoteRef:48]. [48:  Since the elementary school "Nikola Tesla" Dublje uses heating oil, the assessment of savings was done based on coal consumption] 

[bookmark: _Toc383179948][bookmark: _Toc393013059]Table 84. Assessment of savings generated by using TS systems in relation to the current market situation for the considered buildings
	YEAR
	GYM OF THE HIGH SCHOOL "FILIP VIŠNJIĆ"
	ELEMENTARY SCHOOL "KNEZ  IVO OD SEMBERIJE"
	ELEMENTARY SCHOOL AND GYM "DVOROVI"
	ELEMENTARY SCHOOL "JANKO VESELINOVIĆ" CRNA BARA
	ELEMENTARY SCHOOL "LAZA LAZAREVIĆ" SALAŠ CRNOBARSKI
	ELEMENTARY SCHOOL "NIKOLA TESLA" DUBLJE

	1
	2,549.16 €
	2,427.77 €
	1,869.38 €
	1,568.82 €
	389.46 €
	423.07 €

	2
	2,625.63 €
	2,500.60 €
	1,925.47 €
	1,615.88 €
	401.14 €
	435.76 €

	3
	2,704.40 €
	2,575.62 €
	1,983.23 €
	1,664.36 €
	413.17 €
	448.84 €

	4
	2,785.54 €
	2,652.89 €
	2,042.73 €
	1,714.29 €
	425.57 €
	462.30 €

	5
	2,869.10 €
	2,732.47 €
	2,104.01 €
	1,765.72 €
	438.34 €
	476.17 €

	6
	2,955.18 €
	2,814.45 €
	2,167.13 €
	1,818.69 €
	451.49 €
	490.46 €

	7
	3,043.83 €
	2,898.88 €
	2,232.14 €
	1,873.25 €
	465.03 €
	505.17 €

	8
	3,135.15 €
	2,985.85 €
	2,299.11 €
	1,929.45 €
	478.98 €
	520.33 €

	9
	3,229.20 €
	3,075.42 €
	2,368.08 €
	1,987.33 €
	493.35 €
	535.93 €

	10
	3,326.08 €
	3,167.69 €
	2,439.12 €
	2,046.95 €
	508.15 €
	552.01 €

	11
	3,425.86 €
	3,262.72 €
	2,512.30 €
	2,108.36 €
	523.40 €
	568.57 €

	12
	3,528.63 €
	3,360.60 €
	2,587.66 €
	2,171.61 €
	539.10 €
	585.63 €

	13
	3,634.49 €
	3,461.42 €
	2,665.29 €
	2,236.76 €
	555.27 €
	603.20 €

	14
	3,743.53 €
	3,565.26 €
	2,745.25 €
	2,303.86 €
	571.93 €
	621.30 €

	15
	3,855.83 €
	3,672.22 €
	2,827.61 €
	2,372.97 €
	589.09 €
	639.93 €

	16
	3,971.51 €
	3,782.38 €
	2,912.44 €
	2,444.16 €
	606.76 €
	659.13 €

	17
	4,090.65 €
	3,895.85 €
	2,999.81 €
	2,517.49 €
	624.96 €
	678.91 €

	18
	4,213.37 €
	4,012.73 €
	3,089.81 €
	2,593.01 €
	643.71 €
	699.27 €

	19
	4,339.77 €
	4,133.11 €
	3,182.50 €
	2,670.80 €
	663.02 €
	720.25 €

	20
	4,469.97 €
	4,257.11 €
	3,277.98 €
	2,750.93 €
	682.91 €
	741.86 €

	21
	4,604.07 €
	4,384.82 €
	3,376.32 €
	2,833.46 €
	703.40 €
	764.12 €

	22
	4,742.19 €
	4,516.36 €
	3,477.60 €
	2,918.46 €
	724.50 €
	787.04 €

	23
	4,884.45 €
	4,651.85 €
	3,581.93 €
	3,006.01 €
	746.24 €
	810.65 €

	24
	5,030.99 €
	4,791.41 €
	3,689.39 €
	3,096.19 €
	768.63 €
	834.97 €

	25
	5,181.92 €
	4,935.15 €
	3,800.07 €
	3,189.08 €
	791.68 €
	860.02 €

	Total
	92,940.50 €
	88,514.64 €
	68,156.37 €
	57,197.88 €
	14,199.28 €
	15,424.89 €


As can be seen from the table above, the total achieved savings can not cover the investment costs of technical and technological solutions for using solar energy to produce thermal energy on the considered buildings, even without the costs of construction and operating costs.
[bookmark: _Toc383179151][bookmark: _Toc393011855]Concluding remarks of the financial analysis

If we look at the scenario of technical and technological solutions for using solar energy to produce electricity, the project does not generate enough money during the first 12 or 15 years of the loan duration. However, it would not be a significant problem if the City of Bijeljina and the Municipality of Bogatić subsidize the required funds during the first twelve years. After this period, the profits from electricity sales will achieve positive values and exceeds the loan repayment and any funds borrowed during these years, so the liquidity of the entire project would not be questionable.
If the necessary construction works would be funded from other sources or done before the realization of this project, without "burdening" the investment in the proposed scenarios, technical and technological solutions for using solar energy to produce electricity would more cost effective. This would give the project improved financial performance in terms of internal rate of return (IRR), in terms of net present value of the project (NPV) and in terms of the payback period. In this case, the savings in the scenario of technical and technological solutions for using solar energy to produce thermal energy can not generate enough money to repay the investment over a period of 25 years.
The project is exposed to relatively high risks of implementation. The risks are related to macroeconomic risks related to the cost of capital, and the availability of loans at reasonable conditions or low availability of loans for this purpose on one hand, while on the other hand there are macroeconomic risks that are related to the price of construction materials which can increase the price of investment if the necessary construction works are to be performed in the frame of this project.
Considering the fact that the buildings considered in both scenarios are public institutions of social value, in addition to the visible (accounting) financial effects, other socio-economic effects of the project should be taken into account. In this regard, the assessment of the socio-economic efficiency, or socio-economic effects (measurable and non-measurable) of this project was not included in the calculation, but we need to keep in mind that these effects further enhance the socio-economic efficiency of the project and provide an additional arguments for the realization of the project
The positive socio-economic effects are related to:
a) contribution to the economic growth through investment multipliers,
b) reduction of CO2 emissions,
c) improvement of the image of the CiTy of Bijeljina and the Municipality of Bogatić
d) improvement of public health and environmental protection.

A positive socio-economic effect is that after its useful life of 25 years, the project retains the residual value (the value at the end of the life of the project), given that it's also about investing in construction projects (repair of roofs). 

The negative effects of the project are related to the potential revenue lost by the City of Bijeljina and the Municipality of Bogatić in the form of interests and financial losses that are expected in the first twelve years of project exploitation in case of scenarios of technical and technological solutions for using solar energy to produce electricity. 
Finding favourable sources of financing of the project (from the budget or IPA funds) the scenario of technical and technological solutions for using solar energy to produce electricity is financially and socio-economically completely justified.

[bookmark: _Toc383179152][bookmark: _Toc393011856]
POTENTIAL DOMESTIC AND FOREIGN SOURCES OF FINANCING

With regard to the total estimated investments depending on the considered building and technical and technological solutions, it is possible to identify several potential sources of funding, both domestic and foreign, that can be used to finance these investments. They are budgetary resources of the City of Bijeljina and the Municipality of Bogatić, transfers between budgetary units of different levels of government, loan funds, funds and financial lines for renewable energy and energy efficiency available in Bosnia and Herzegovina and Serbia, the funds of the Environmental Protection and Energy Efficiency Fund of the Republic of Srpska, and Environmental Protection Fund and Energy Efficiency Agency of the Republic of Serbia, as well as partnerships with the private sector and the IPA funds as a potential sources of funding this Project.
[bookmark: _Toc383179153][bookmark: _Toc393011857]Budget funds

Taking into account the fact that in the current global recession/crisis there is a decrease in budget revenues of the City of Bijeljina and the Municipality of Bogatić, there is no space for substantial investment from the budgets. Thus, taking into consideration the fiscal capacity of the City of Bijeljina and the Municipality of Bogatić, or budgets of the City of Bijeljina and the Municipality of Bogatić, a budget line from which the funds for co-financing these investments could be provided has not been identified.
[bookmark: _Toc383179154][bookmark: _Toc393011858]Transfers between budget units of different levels of government

Given that the amount of transfer that the City of Bijeljina and the Municipality of Bogatić have been receiving on various grounds in recent years considerably smaller because the current economic crisis made the Governments of the Republic of Srpska and the Republic of Serbia significantly reduce all of their grants to all categories, especially in the transfer segment, it is not realistic to expect support for this Project in terms of co-funding with the aim of achieving social effects and benefits such as rationalization, redistribution of income, employment, efficiency, etc.
[bookmark: _Toc322531608][bookmark: _Toc383179155][bookmark: _Toc393011859]Loan sources

According to the the Law on Borrowing, Debt and Guarantees of the Republic of Srpska ("Official Gazette of the Republic of Srpska", number 25/11), local authorities (municipalities/cities) can borrow only if in the period of debt-creating the total amount due for repayment by the proposed debt and the overall long-standing existing debts in any coming year does not exceed 18% of its regular income earned in the previous fiscal year. Total exposure by local authorities according to issued guarantees must not exceed 30% of the regular income earned in the previous fiscal year.

Local authorities in the Republic of Srpska can borrow:

1. [bookmark: _Toc113177385][bookmark: _Toc113177472][bookmark: _Toc113177545][bookmark: _Toc113177619][bookmark: _Toc113177693][bookmark: _Toc113177766][bookmark: _Toc113177838][bookmark: _Toc113177910][bookmark: _Toc113178056][bookmark: _Toc115598287][bookmark: _Toc117583317][bookmark: _Toc117931459][bookmark: _Toc115598288][bookmark: _Toc117583318][bookmark: _Toc117931460][bookmark: _Toc115598289][bookmark: _Toc117583319][bookmark: _Toc117931461][bookmark: _Toc113177913][bookmark: _Toc115598290][bookmark: _Toc117583320][bookmark: _Toc117931462]short-term for temporary funding of deficit arising from cash flow and to finance transferred liabilities. Short-term debt shall be repayable within twelve months from the date of the emergence of debt and it can not exceed 5% of regular income earned in the previous fiscal year;
2. long-term for financing capital investments and for refinancing the unpaid long-term debt incurred in accordance with the financing of capital investments.
[bookmark: _Toc113177917][bookmark: _Toc113178273][bookmark: _Toc113178415][bookmark: _Toc139540680]Local authorities may borrow or issue a guarantee only after the decision of the Municipal Assembly or City Council. Local government debt may arise through a loan agreement or by issuing securities. Local authorities may not borrow or issue a guarantee without the approval of the Ministry of Finance of the Republic of Srpska if the debt or guarantees are in foreign currency, if the debt came from or the guarantee which was issued for the refinancing of an existing debt, if the the the local authorities are one year and more late in debt repayment, if the debt was incurred or guarantees issued to finance the transferred liabilities. The amount of the new debt results in future annual payments which exceed 10% of regular annual income of the local government in any fiscal year. Debt of local authorities shall not represent a liability of the Republic of Srpska unless the Ministry of Finance explicitly issues a guarantee in connection with it.

In accordance with the foregoing principles and limitations of indebtedness of local authorities in the Republic of Srpska, it is possible to assess the borrowing potential of the City of Bijeljina. This assessment is given in the following table.

[bookmark: _Toc383179949][bookmark: _Toc393013060]Table 85. Assessment of the borrowing potential of the City of Bijeljina
	Description
	Amount

	The amount of revenue for the calculation of the potential pursuant to the Law on Borrowing, Debt and Guarantees[footnoteRef:49] [49:  According to the budget of the City of Bijeljina for the year 2014] 

	45,366,909.00 BAM

	Short-term borrowing
	2,268,345.45 BAM

	Long-term borrowing
	8,166,043.62 BAM



Respecting the above, as well as the budget capacity of the City of Bijeljina of about 45 million BAM for 2014, it can be concluded that the capacity of long-term borrowing of the City of Bijeljina has a maximum of approx. 8 million BAM (18% of 45 million BAM) or 4.1 million EUR.
According to the Public Debt Law of the Republic of Serbia ("Official Gazette of the Republic of Serbia", number 61/2005, 107/2009 and 78/2011) the local authorities have the power to borrow money. Decision on borrowing of local authorities is in charge of competent local authorities, after obtaining opinion of the Ministry of Finance. Local authorities can borrow in the country and abroad, or the domestic and foreign market, using the domestic and foreign currency. Local authorities can not give guarantees.
Local authorities in the Republic of Serbia can borrow:
1. to finance the deficit of the current liquidity that occurs as a result of imbalance of public revenue and public expenditure. The total amount of borrowing to finance the deficit of the current liquidity must be repaid before the end of the budget year in which it is contracted and can not be refinanced or transferred in the next fiscal year. During the budget year, the borrowing to finance current liquidity deficit must not exceed 5% of the total revenues of the budget of the local authorities in the previous year;
2. long-term borrowing of local authorities. Local authorities can not have long-term borrowing, except for borrowing to finance or refinance capital investment expenditures planned in the budget of the local authorities.
The amount of unpaid long-term debt for capital investment expenditures can not exceed 50% of total operating revenues of the budget of the local authority in the previous year. Exceptionally, the amount of unpaid long-term debt for capital investment expenditures can exceed 50% of total operating revenues of the budget of the local authority in the previous year when it comes to long-term debt whose repayment period is at least five years, not taking into account the grace period.
The principal amount and interest due each year on all unpaid long-term debts to finance capital investment expenditures can not exceed 15% of total operating revenues of the budget of the local authority in the previous year. Exceptionally, for long-term borrowing, the amount of principal amount and interest due in each year on all unpaid long-term debts may be higher than 15% if two-thirds of the current surplus in relation to the total current operating revenues represent the share greater than 15%. 
In accordance with the foregoing principles and limitations of indebtedness of local authorities in the Republic of Serbia, it is possible to assess the borrowing potential of the Municipality of Bogatić. This assessment is given in the following table.

[bookmark: _Toc383179950][bookmark: _Toc393013061]Table 86. Assessment of the borrowing potential of the Municipality of Bogatić
	Description
	Amount

	The amount of revenue for the calculation of the potential pursuant to the Law on Public Debt[footnoteRef:50] [50:  According to the budget of the Municipality of Bogatić for the year 2014] 

	642,700,000.00 RSD

	Short-term borrowing
	32,135,000.00 RSD

	Long-term borrowing
	96,405,000.00 RSD



Respecting the above, as well as the budget of the budget capacityof the Municipality of Bogatić of about 642,700,000 RSD for 2014, it can be concluded that the capacity of long-term borrowing of the Municipality of Bogatić has a maximum of approx. 32 million RSD (18% of 642.7 million RSD), or 276,119.00 EUR.
[bookmark: _Toc383179156][bookmark: _Toc393011860]Funds and financial lines for renewable energy and energy efficiency available in Bosnia and Herzegovina and in Serbia

The realistic possibility is that the City of Bijeljina and the Municipality of Bogatić apply to some of the funds and financial lines for renewable energy and energy efficiency available in Bosnia and Herzegovina and Serbia in the required amount. Since the funds and financial lines for renewable energy and energy efficiency available in Bosnia and Herzegovina and Serbia have been discussed in the chapter related to market analysis of solar energy, they will not be discussed in this chapter.
[bookmark: _Toc383179157][bookmark: _Toc393011861]Resources of the Environmental Protection and Energy Efficiency Fund of the Republic of Srpska 

Considering that pursuant to Law on Environmental Protection Fund and its Financing of Republic of Srpska ("Official Gazette of the Republic of Srpska", number 117/11), the Fund's Statute and other regulations of the Environmental Protection and Energy Efficiency Fund of Republic of Srpska it is stipulated that the funds are used to fund financing of environmental protection, energy efficiency and renewable energy sources, in particular to encourage the use and research of renewable energy sources and their use in order to increase energy efficiency, it is realistic to expect support from the Fund for this Project in terms of co-funding.
The Fund invests its assets in the course of its activities, provides financial support for the achievement of the objectives and principles of environmental protection and the improvement of energy efficiency and use of renewable energy sources, defined in the state policy documents and local environmental action plans of local authorities, in order to raise the quality of the systematic environmental protection, conservation of natural communities and rational use of natural resources and energy, as well as basic conditions for sustainable development and the realization of human rights to a healthy environment.
The Fund's resources are allocated to the beneficiaries in order to finance programs, projects and studies determined by the Law on the Fund, through incentive funds, donations, grants and assistance. The way to use resources of the Fund shall be determined by the General Act of the Fund pursuant to the Law on the Fund.
[bookmark: _Toc383179158][bookmark: _Toc393011862]Resources of the Environmental Protection and Energy Efficiency Agency of the Republic of Serbia 

Environmental Protection Fund of the Republic of Serbia operates in connection with the financing of the preparation, implementation and development of programs, projects and other activities in the field of conservation, sustainable use, protection and improvement of the environment, as well as in the field of renewable energy sources.
Since the Fund performs initiating, funding and control of the execution of projects within the scope of the Fund's operations in connection with the financing of environmental protection and renewable energy sources using funds from foreign countries, international financial institutions and bodies, as well as domestic and foreign legal entities and individuals, promotion, establishment and implementation of cooperation with international and domestic financial institutions and other companies and individuals to finance environmental protection, renewable energy sources in accordance with the National Programme of Environmental Protection, other strategic documents, action and sanation plans and other plans and programs, as well as international agreements, it is realistic to expect the support of the Fund for this Project in terms of co-funding.
Also, since the Energy Efficiency Agency of the Republic of Serbia performs tasks related to the preparation of proposals for the implementation of energy efficiency, renewable energy sources utilization and environmental protection, and provision of financial and technical support in the preparation and implementation of priority projects of energy efficiency, it is realistic to expect support from the Agency for this Project in terms of co-funding.
[bookmark: _Toc322531609][bookmark: _Toc383179159][bookmark: _Toc393011863]Public-private partnership 

Recently, the model of public-private partnership (PPP) is becoming a more common practice in the implementation of many public investments which have the commercialization potential. In this regard, it is important that this option is also analysed as an identified potential source of funding.
"Public-private partnership is an agreement between a government entity (central or sub-national) and private entity established for the purpose of providing essential services to the public. The aim of this arrangement is to provide more efficient services or facilities and at a lower price for the end user than any entity could provide alone. Arrangement will try to allocate risk fairly between private and government entities, based on the capabilities of each entity to manage these risks and provide rewards for each side in accordance to the risks that they have taken."[footnoteRef:51] [51:  Definition taken from the IFC - International Finance Corporation] 

The ultimate goal of the PPP is to provide more "value for money" than it would be possible through the traditional procurement options. Generally, PPP generates improvements wherever the following advantages are achieved:
· reduced life cycle costs;
· more efficient allocation of risk;
· faster implementation;
· improved quality of service and
· additional benefits.
PPP can be appealing for the public and private sectors. For the public sector, private financing can support increased investment in infrastructure without loans and debts that the public sector would have and it can be a source of income. At the same time, better management systems in the private sector, and their capacity to lead to innovation, can lead to increased efficiency. This eventually leads to a combination of better quality and lower service costs. For the private sector, PPP represents business opportunities in the areas from which they were excluded in many cases.
Under the Law on Public-Private Partnership in the Republic of Srpska ("Official Gazette of the Republic of Srpska" number 59/09 and 63/11) and the Law on Public-Private Partnership and Concessions ("Official Gazette of the Republic of Serbia", number 88/2011), PPP is a form of cooperation between the public and private sector, which is realized by joining resources, capital and expertise, in order to meet public needs. This kind of cooperation is achieved in order to ensure funding for the purpose of construction, repair, reconstruction, management or maintenance of infrastructure, provision of services and construction of buildings, and in order to meet public needs.

According to these laws, agreements in the field of cooperation between the public and private sectors can have basic forms:
· contractual public-private partnership in which the partnership between the public and private partners is based solely on contractual relationships;
· institutional form of public-private partnership in which the partnership between the public and private sectors includes the cooperation of an entity specially incorporated for this purpose.
[bookmark: _Toc322531610][bookmark: _Toc383179160][bookmark: _Toc393011864]IPA funds - Instrument for Pre-Accession Assistance

Since Bosnia and Herzegovina is a potential candidate country and the Republic of Serbia is a candidate country for EU membership, in the segment of foreign sources of funding, the most realistic opportunity for the funding of Project are IPA funds (Instrument for Pre-Accession Assistance). Taking into account the financial potentials of the IPA funds, there is a real possibility that the City of Bijeljina and the Municipality of Bogatić apply to some of the IPA funds in the next period for the required amount.
Accordingly, the participation of IPA funds in the investment could be used for these works. However, this source could be expected if the Project is presented to the general public as part of a larger project that involves cross-border cooperation, protection and effective management of environment and natural resources with the goal of their preservation, or as a project of development of renewable energy sources.
IPA funds will be the main source of support for the development of Bosnia and Herzegovina and the Republic of Serbia from which it will be possible to provide funds for the development of such projects. In order to efficiently compete for their use, it is necessary to develop the ability of the City of Bijeljina and the Municipality of Bogatić so that they could apply. Therefore it is necessary to achieve the cooperation with the research institutions and international development agencies. By acquiring the candidate status for the EU, BiH will have even more opportunities to use resources from the EU accession funds.
[bookmark: _Toc383179161][bookmark: _Toc393011865]
CONCLUSION

After centuries of using fossil fuels to produce energy, the global picture is changing today, and renewable sources are increasingly seen as one of the key factors for future development strategies. Among other renewable sources, solar energy is expected to provide a significant contribution in the near future. All relevant energy statistics show a considerable share of solar energy in the production of heat and electricity. At the level of the European Union a steady increase in the use of solar energy is foreseen, and with a considerable proportion of the energy balance a number of other results of using solar energy were identified. Today, the use of solar energy is encouraged, while taking into account the principle of sustainable development.
There are various assessments of the potential and the role of solar energy in the global energy policy in the future, but all scenarios foresee its significant increase and much more important role. For comparison, in 1990 the world energy consumption was 376.8 EJ, and in 2050 expected consumption is 586-837 EJ according to various scenarios. Internationally accepted need for controlling and reducing emissions of greenhouse gases has opened a wide door for projects of using solar energy, which is especially noticeable in the last report of the Intergovernmental Panel on Climate Change (IPCC Third Assessment Report).
Solar energy technologies use the sun's energy and light to produce heat, light, hot water, electricity, and it can be used for cooling homes, offices and industrial facilities. There are a number of technologies that have been developed with the aim of utilization of solar energy. The most important of these have been discussed in detail in this study. In the technical part the study dealt with all relevant parameters necessary to evaluate the suitability of using solar energy as a natural resource. The amount of heat or electricity that can be produced on an annual basis using the appropriate solar systems have been calculated in detail for the six considered buildings that were the subject of the study. The benefits of this kind of energy production were clearly given, including a very significant positive impact on the environment explained through the calculation of reductions of emissions of harmful substances into the atmosphere.
[bookmark: _Toc381817826][bookmark: _Toc383179162]The savings that would be achieved by implementing the project were estimated on the basis of the calculated amount of thermal energy and electricity produced by the use of thermal systems in relation to the current market situation of procurement of energy sources used to heat buildings or revenues that would be realized by selling the electricity in accordance with the feed-in tariffs pursuant to the current legislation of the Republic of Srpska and Republic of Serbia. Assessment of profitability of investments for each proposed option and calculation of the payback period were calculated through a detailed financial analysis. Funding the Project is set to rigorous market conditions of loan arrangements, without the involvement of possible favourable "soft loans" for these purposes. Economic parameters of the study show that this is a favourable project, which can withstand the rigorous economic analysis and to give satisfactory results. On the basis of the results obtained here it can be unambiguously concluded that the project of this kind is more than attractive for implementation.
[bookmark: _Toc381817827][bookmark: _Toc383179163]This project also represents a support to research, development and promotion of new, clean and efficient energy technologies and energy policy based on professional and scientific grounds. The implementation of this project provides available, accessible, and affordable energy, as well as a significant positive financial (investment and income), social (directly and employing people and domestic companies), and even political effects for the municipalities, the region and the wider social and political community and interested stakeholder within them, attracts new domestic and foreign investors, and fosters economic growth and development in general.
[bookmark: _Toc381817828][bookmark: _Toc383179164]The study is completed with a comprehensive review of the legislation that is relevant to this area, as well as identifying potential domestic and foreign sources of financing of such investments.
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Varijanta a)	4460	6430	10700	12300	13600	13500	14300	14100	11000	9230	5880	3880	Varijanta b)	Januar	Februar	Mart 	April	Maj 	Juni	Juli	August	Septembar	Oktobar	Novembar	Decembar	2230	3220	5330	6130	6790	6760	7170	7060	5490	4620	2940	1940	
kWh


Varijanta a)	3450	4990	8200	9410	10400	10400	11000	10800	8430	7110	4520	2990	Varijanta b)	Januar	Februar	Mart 	April	Maj 	Juni	Juli	August	Septembar	Oktobar	Novembar	Decembar	1790	2580	4250	4870	5390	5370	5690	5610	4370	3680	2340	1550	
kWh


Varijanta b)	Januar	Februar	Mart 	April	Maj 	Juni	Juli	August	Septembar	Oktobar	Novembar	Decembar	1860	2690	4450	5090	5610	5570	5900	5830	4560	3840	2450	1600	
kWh

Varijanta b)	Januar	Februar	Mart 	April	Maj 	Juni	Juli	August	Septembar	Oktobar	Novembar	Decembar	1110	1620	2650	3020	3340	3300	3490	3420	2680	2260	1440	997	
kWh

Varijanta b)	Januar	Februar	Mart 	April	Maj 	Juni	Juli	August	Septembar	Oktobar	Novembar	Decembar	413	605	987	1130	1250	1230	1300	1280	1010	850	544	364	
kWh

Varijanta b)	Januar	Februar	Mart 	April	Maj 	Juni	Juli	August	Septembar	Oktobar	Novembar	Decembar	1440	2080	3440	3960	4410	4360	4610	4540	3560	3000	1910	1200	
kWh
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Solarni Modul
Schuco MPE 240 PS 09

Schuco Modul iz MPE serije odnose se na polikristalne
solarne Zelije sa. vi stupnjemiskoritenosti za
kontinentalna podrudja, e podruéja pod maglom, a istiéu se
i osobinom smanjenog otpora pri visokim temperaturama.
Tolerancia snage od +5/-0 % jamée visoku kvalitetu i znaci
sigurno vedi prihod kroz garantiranu oznaeny snagy svakog
modula.

Koliina: 472 komada
snag 210w,
Proizvodat schico
MPE 240 S
poly
umodulu: 60 (6x10)
1639 mm
983 mm
61im
200k
Nominalna snaga: 200w
MPP-voltsia: 298V
MPP-jating st 806A
Kratkospojna jadina struje 847A
Voltata otvorenog kruga: 3767V
Uginkovitost (STC): 13,7%
Max. Voltata sistema: 1000V

Progirena garancija
Svaki modul zraduje se po valeéim zahtjevima kvalitete. Profirena garancija proizvoda nominalne snage
iznosi 10 godina, dok je garancija na iskoristivost 90% od nominalne snage u trajanju od 12 godina.
Proirena garancija ukljuéuje i period od 25 godina pri kojem proizvod isporuéuje najmanje 80% od
oznacene snage.

ki i el i li
Prije isporuke svaki se modul podvrgava optiékom i elektronskom testu kvalitete. lzmjereni podaci snage su
‘oznaceni na pozadini modula  na pakovanju tako da se kod montafe isti mogu sastaviti brie | efektivnije.

Pribor i priévriéenia
Inovativna priévrééenja u okviru brinu se za estetil

manje opterecuje zbog optimalnog rjeseni:

Modulni okvir od eloksiranog aluminija ispunjava visoke zahtjeve stabilnosti i trajnosti od korozije, te
odgovara visokim zahtjevima statickih optereéenja.

Moduli se mogu montirati s montainim komponentama “Schiico PV-Light Montagesystems”.

Clean Enargy from Solar and Wincows
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