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Abstract

One of the ways to promote economic development and reduce energy dependence of Serbia is the use of geothermal energy and geothermal sources. Geothermal energy has many advantages against traditional energy sources based on fossil fuels. The biggest advantage of geothermal energy is that it is clean and safe energy source for the environment. It also reduces the use of fossil fuels, and thus reduces emissions. Another advantage is the quantity of power reserves that are available to us. Reserves of geothermal energy are practically inexhaustible. Out of these reasons, the development of geothermal resources and geothermal technologies should become the primary interest of the country.

The use of geothermal energy and its resources in Serbia is very small compared to the geothermal potential. In Serbia, only geothermal energy is used from geothermal and mineral water, mainly in the traditional way, mostly for the balneology and sports and recreational purposes. The use of geothermal energy for heating and other energy production is in an early stage and is very modest compared to the potential of geothermal resources. With relatively small investments, compared to investments in other energy sources (oil, gas, coal), whose exploitation and utilization creates huge hidden costs, geothermal energy can repay the initial investment in a relatively short period of time. 

In Serbia, as everywhere in the world, a hydro-geothermal potential is mostly used. Numerous hot springs have always been used as spa resorts, and this tradition has been preserved to this day. However, in the thermal spas, no attention is paid to energy efficiency and large amounts of hot water are discharged as useless, even from them using for the heat pump which can extract enough energy for space heating or pool. At the same time the space is heated by coal, oil or electricity. If we could do rationalization of the used heat from the hot springs spas, then the same sources of energy could supply and other facilities such as greenhouses, residential space heating, industrial production, etc.

In Europe, they set very high goals regarding the use of renewable energy and reduction of emissions. Geothermal energy is the most appropriate for achieving those goals, and therefore the only one of all renewable energy in several European countries entered into a legal obligation to use it for heating new buildings. By joining the European Union, Serbia is also expected to adhere to obligations regarding the use of renewable energy and reduced emissions.

The aim of this paper is to identify the potential of Serbia for the use of geothermal energy and potential applications of geothermal energy as an engine of economic development through energy saving activities at all levels - from the households, industry and agriculture, to the geothermal power plants building.
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1. Introduction
Very high goals regarding the use of renewable energy sources and reduction of greenhouse gas emissions are set in Europe. Geothermal energy is the most suitable for the achievement of these goals and therefore is the only one of all renewable energy in several European countries, entered into a legal obligation for using to heat the new building. In the perod of accessing the European Union, Serbia expects obligations regarding the use of renewable energy and reduction of greenhouse gas emissions. 

Studies have shown that Serbia has significant potential for geothermal energy and in the future, Serbia should plan its greater participation in the energy balance. The present results indicate that an intensive program of development of geothermal resources in the next ten years could reach the replacement level of at least 500,000 tonnes of imported liquid fuels per year.

Using of geothermal energy and its resources in Serbia is very small compared to the geothermal potential. At first glance, reasons for this are obscure, especially when you take into account that some of the best geothermal sites in Europe are placed in Serbia, and that the development of geothermal technology in Serbia started at the same time when in the countries where it is today geothermal technology at the highest level of development. Faults that have led to this state of affairs can be overcome only by adopting new strategies and new legislation in this area.

If Serbia would accelerate the exploatation of its resources in this area, it will achieve the multiplier effect:  the minimum investment could achieve the maximum of the installed capacity in a very short period of time, the investment would be realized by citizens not the state, it will achieve the maximum energy efficiency because it invests only 25 % of the electricity to run the system, there is no pollution or greenhouse gases, it will increase scientific and technological knowledge, as well as employment (Jankovic, 2009, p.1).
The advantages of using geothermal energy compared to other energy sources are numerous:
• This energy is cheap because of low production costs (energy is needed just to run the pumps) and also represents a stable and sustainable source of energy,
• Replaces a large amount of fossil fuels,
• Use of geothermal energy causes a negligible impact on the environment, and does not contribute to the greenhouse effect,
• Geothermal power plants do not take up much space, and thus have little impact on the environment,
• Do not depend on weather conditions as in the case of hydro power plants, wind power plants with solar energy (from wind power or the number of sunny days),
• It is a huge energy potential (provides unlimited power supply),
• When a geothermal power plant is built, the energy is almost free, with less local consumption,
• Ability for multi-purpose use of resources (affecting the economic feasibility of exploitation) 
The disadvantages of using geothermal energy are:
• Limits due to accessibility (conditionality by position, depth, temperature, water content of a given geothermal reservoir), for the use and construction of geothermal power plants (these locations are close to geothermal zones, and also are the earthquake zones which increases the construction expences and due to poor population density as a rule in these places, an additional problem is transfer of energy to consumers) whose effectiveness depends on the characteristics of the drilling hole,
• Source of heat energy may be exhausted due to improper exploitation,
• The release of gases and materials from the ground, which can be harmful when they gcome out to the surface, this is the case most frequently related to hydrogen sulphide, which is aggressive and corrosive, but the solution to this is its isolation and utilization for the production of sulfuric acid and the layers can be used in construction or some metals could be separated such as zinc.
• Require high initial investments (start-up for the use and development) and high maintenance costs (caused by corrosion, mineral deposits, etc.). (Cakić, Veljkovic, Stamenkovic, 2011, p.14)
2. The geothermal potential of Serbia 

According to data of Geology and Mining University of Belgrade, Serbia with 238 springs and wells has the most so-called geothermal phenomena in relation to the population. In the Republic of Serbia are identified natural and artificial sources of thermal waters in the territory of more than 60 municipalities (Figure 1). The water temperature in most sources is up to 40ºC and in the territory of six municipalities over 60ºC, as follows: Vranje, Sabac, Kursumlija, Raska, Bujanovac and Apatin. 
Figure 1. Estimated temperatures at 1000 m depth
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Source: Ministry of infrastructure and energy of the Republic of Serbia, 
Energy in Serbia 2010, p.73
Due to low water temperature, this energy potential is not sufficient for the production of electricity, but could be used for heat generation in various fields. This low temperature energy could be used for heating greenhouses, rooms, swimming pools and other purposes, but the local government, investors and users do not have enough of experience of using this source.

The average flow of water from the existing sources and wells up to 20 l/s, at several locations exceeds 50 l/s (Bogatić, Kursumlija, Pribojska Spa, Niska Spa) and only in one location it is more than 100 l/s (Spa Koviljača). The total heat output that could be achieved by using the thermal waters in Serbia is about 216 MWt, which is equal to the amount of about 180,000 tons of oil equivalent.

To determine the potential of geothermal energy resources and conditions for their use, in 2011 IPA project was launched in Serbia, whose goal is to review all documents and studies in that field, summarizing data and make inventory and a new study with an overview of the data. The aim is to identify the most profitable locations and determine how exploitation would be profitable.
Geothermal energy potential of a particular area can be presented by geothermal heat flow density (the amount of geothermal heat every second through an area of ​​1 m2 of the Earth's interior comes to its surface). Average values ​​in Europe are about 60 mW/m2, while in Serbia these values ​​are much higher: more than 100 mW/m2. Terrain in Serbia has been constructed from hard rock and because of such favorable hydrogeological and geothermal characteristics there are about 160 sources of geothermal water in Serbia with temperature higher than 15°C. The hottest sources are in Vranje Spa where the temperature is up to 96°C. Estimated total amount of heat contained in the sites of geothermal waters in Serbia is about two times higher than the equivalent amount of heat that would be obtained by burning all of our coal reserves.

The only uses of geothermal energy in Serbia are from geothermal and mineral water, mainly in the traditional way, the most for balneologic, sporting and recreational purposes. The use of geothermal energy for heating and other energy needs is at an early stage and very modest, compared to the potential of geothermal resources. In addition, in Vojvodina there are artificial geothermal sources (wells) of the total yield of 550 l/s and thermal power of 50 MW. In the part of Serbia, south of the Sava and Danube rivers, there are more than 50 wells with an estimated capacity of 108 MW. (Jankovic, 2009, p.3)
Today, geothermal water is used for heating in several locations. Use of geothermal water for this purpose began forty years ago in Vranjska Spa. Here geothermal water is used to heat the greenhouse for flower production, poultry farm, textile industry halls and rooms of the spa wellness center. Also, great hotel and rehabilitation center with a swimming pool are heated in Kuršumlijska Spa. The Niska Banja built a system for heating hotels and wellness center with a heat pump power of 5 MW, which uses "waste" thermal water of temperature of 25°C, which is the largest one in the Southeastern Europe. In the same way, i.e. with heat pumps, geothermal water with a temperature of 30°C are also used in Prolom Spa (Centrala, p.p. 74-75)
The total installed capacity in all the locations, where direct use of geothermal and mineral water is present is about 74 MW and with heat pumps another 12 MW.
Table 1: Exploitation of hydro geothermal resources according to the function type
	Function
	Installed thermal power
	Produced heat 

	
	MWt
	TJ/year (terajoules per year)

	Residential or commercial areas (direct use)
	18,5
	575

	Spas and recreation
	36,0
	1.150

	Grain drying
	0,7
	22

	Greenhouses
	8,4
	256

	Fishing and cattle breeding
	6,4
	211

	Industrial processes
	3,9
	121

	Heating by Heat pumps
	12,0
	80

	Total
	86,0
	2.415


Source: http://www.centrala.org.rs/knjiga%20liber%20perpetuum/05 Energija zemlje,_Geothermal_energy.pdf, p.73
According to the present state of knowledge of geothermal resources, the richest and therefore the most important hydro-geothermal resources are located in the area of Mačva, then in the area of ​​Vranjska Spa and Josanicka Spa. 

If we take into account the vast opportunities for exploitation of geothermal resources with little depth by using geothermal heat pumps in the territory of almost the whole Serbia, this potential branch of energy industry should be put on equal footing with other energy technologies.         
3.  Review of the National Action plan for renewable energy of Serbia 


         According to the Simplified National Action plan for renewable energy of Serbia (ref. 7, p. 12) to achive the goal of 27% share of renewable energy to the 2020th, it is  needed to build new capacity of 1,092 megawatts for production of electricity. The Action Plan, which was launched in February 2013, predicts that the plant should accommodate facilities with capacity of 500 megawatts of power generation from wind, 438 MW of mini hydro power plants, 100 MW biomass power plant, 30 MW of biogas, the 10 megawatt landfill gas and solar energy, three megawatt of power from waste plant and one megawatt from geothermal energy to the 2020th. According to the Action plan, the share of renewables in the electricity sector should be increased from the current 29% to 37% to the 2020th, in energy for heating and cooling from 26 to 30 % and in the transport sector through the use of biofuels from the current zero to 10%. In order to comply with the objectives of the EU to the 2020th in the field of renewable energy and energy efficiency Electro sector of Serbia in May 2011th published a policy document - a White Paper, which contains an overview of the obligations and planned activities.
To achieve the objectives in the electricity sector, the Republic of Serbia should have installed additional 1.092 MW by 2020th. Megawatts of additional planned distribution are shown in Table 2.


Table 2: The planned allocation of new installed capacity from renewable energy sources
	Types of renewable energy
	MW
	Contribution

	Hydro power plants (up 10 MW) 
	250
	which makes 23% of the total estimated new installed capacity

	Small hydro power plants (tо 10 MW) 
	188
	which makes 17% of the total estimated new installed capacity

	Wind energy 
	500
	which makes 46% of the total estimated new installed capacity

	Solar energy 
	10
	which makes 1% of the total estimated new installed capacity

	Biomass energy
	100
	which makes 9% of the total estimated new installed capacity

	Biogas energy
	30
	which makes 3% of the total estimated new installed capacity

	Geothermal energy 
	1
	which makes 0,1% of the total estimated new installed capacity

	Waste 
	3
	which makes 0,3% of the total estimated new installed capacity

	Landfill gas 
	10
	which makes 21% of the total estimated new installed capacity 


Source: Simplified National Action plan for renewable energy of Serbia 2012, Republic of Serbia, Ministry of Energy, Development and Environmental Protection, p.13
In the sector of heating and cooling, a small increase in the share of renewable energy sources has been planned- only 0.6% (from 1,059 ktoe in 2009 to 1,269 ktoe in the 2020th). 
In order to achieve the objectives in the field of heating and cooling up to the 2020th, the Republic of Serbia should use renewable energy sources that have not been used before in addition to the use of biomass for heating in households. New facilities will enable use of the additional 149 ktoe. The planned distribution is shown in Table 3. 

Table 3: Planned allocation of new installed capacity from renewable energy sources in the field of heating and cooling
	Types of renewable energy
	MW
	Contribution

	Biomass energy SNR 
	45
	which accounts 30% of the expected production from new capacity

	Biomass energy SDG
	29
	which accounts 19% of the expected production from new capacity

	Biogas energy
	10
	which accounts 7% of the expected production from new capacity

	Geothermal energy 
	10
	which accounts 7% of the expected production from new capacity

	Solar energy 
	55
	which accounts 37% of the expected production from new capacity


Source: Simplified National Action plan for renewable energy of Serbia 2012, Republic of Serbia, Ministry of Energy, Development and Environmental Protection, p.13

4. Possibilities of the use of geothermal energy
         In order to achieve higher utilization of geothermal energy it is necessary that Republic of Serbia undertake the following:

a) More efficient use of existing geothermal springs and wells.
When using geothermal water in Spas and sporting-recreational centers, the energy from water is only partially used. By applying the heat pump it is possible to use all of the available power up to the temperature level of 10°C. This means that in some places it could be utilized two to three times more of the present used capacity of geothermal sources.
b) Activate sealed wells.
By increasing the price of fossil fuels and electricity many sealed wells will become attractive and demonstrate the need for their activation.
c) Intensive use of geothermal heat pumps
The state with its stimulation measures should take the lead place in the project for the massive use of heat pumps for heating buildings, as calculation shows that the profit for the state and for large users is enormous. The project can be quickly realized by the financial participation of future users and without any lengthy preparations. What is only needed is to run a campaign, and incentives will serve to draw attention to the seriousness and importance of the project.
The thermal spas are not paying attention to energy efficiency at all and large amounts of hot water are discharged as useless, although their application of heat pump can extract enough energy for space heating or heating pools. At the same time the space is heated by means of coal, oil or electricity. If we make rationalization of the use of thermal energy from hot springs in the spas, then the same source of energy could be supplied by new attractive facilities. Also, the future users of sealed wells should be get familiar in time with the methods of rational use of the maximum energy potential and financial analysis will show favorable results.
Putting wells that are sealed into operation will have the great importance for Serbia. This process must be carried out with the established procedure for this purpose. Complete examination of water content and testing of water quality has not been made in many wells and therefore it must not be allowed that such uncontrolled waters are discharged into waterways. It is possible that the damage will be greater than the gain. The state in that case has to take an active part and to determine which water can be discharged to the surface and which one has to be returned into underground after having been exploited for heat. It means that the future user needs to have an available solution on technical acceptance of wells or to get a new solution after the required analyses have been made.
Due to the fact that geothermal energy is present everywhere and that there are technological capabilities to use it very effectively, it means that the state can achieve multiple benefits through: 
• Information dissemination – state can point out to a large profitability of heat pumps use. 
• Appropriate measures to stimulate the use of heat pumps in the period of the following year would lead to the reduction of electricity share for residential heating, thus enabling profitable electricity export. 
• Reduction of fossil fuel consumption, reduction of harmfull gas emissions which would lead to amplification of other environmental effects. 
• Contribution to the enhancement of scientific and technological knowledge on the use of heat pumps. 
• Access of Serbia to EU integration with equal and achieved conditions in the field of energy efficiancy increase. (Jankovic, 2009, p.3)
Geothermal energy is used today:
A.  As the energy for heating
The use of geothermal energy as thermal energy for heating has long been known. Today, the largest geothermal system used for heating houses, public buildings and the like is in Iceland. Approximately 89 % of households in Iceland and in the capital of Reykjavik is heated in this way, while 20 % of electricity is produced on the basis of geothermal energy. Iceland is not an isolated example. Geothermal energy for heating is widely used in New Zealand, Japan, the Philippines, Italy and the United States, while the share of the energy for heating in the region of the countries in the Balkan is negligible. Otherwise, in Europe there are about 1.000.000 geothermal installations, and in the United States around 5.000.000. Thanks to geothermal energy today, we have the saving in electricity about 24 M kWh, which is equivalent to 40 million tons of fossil fuels and reduction of carbon dioxide emissions by about 6 million tons and 3.6 million tons of other pollutants. (Cakić, Veljković, Stamenković, 2011, p.15) 

Today, different systems are used for heating, but the two ones most frequent: 
- Open-direct, in which geothermal water is directly downloaded from the sources and used for heating after which it returns to the source, and depending on the location of the sources there are horizontal circular systems in which water is taken from the surface of the earth (well, rivers, ponds, lakes) and vertical in which it is taken from groundwater wells with the natural reservoirs of hot water, 
- System with a closed loop which can be vertical, horizontal and lake like shape. The closed system does not use fluid geothermal heat, but use shallow geothermal energy of rocks for heating the tubes of heat exchangers which is dug into the ground, and the letter mentioned use two circles of exchange, because the energy is exchanged via heat exchanger with a fluid drive (methanol, antifreeze) of lower freezing temperature and circulation is enabled through circulating pumps. (Cakić, Veljkovic, Stamenkovic, 2011, p.16)
In addition, geothermal waters can be used for different purposes in agriculture and in industry:
- In agriculture for heating greenhouses, in the production of fruits, vegetables and flowers,  

- In livestock and poultry farms for heating,
- In the industry for dehydration and evaporation of various products and raw milk for pasteurization,
- In the paper industry, wood drying, wool,
- Like hot water in dwellings,
- In the industry as a technology hot water,

- For drying herbs and grains,
- The cultivation of certain species of fish and others.

B. For balneological, sports and recreational purposes
Use of geothermal energy from geothermal mineral water in medicine, balneology for postoperative treatment (rehabilitation) in the prevention and treatment of diseases of bone, joint systems, etc. sports and recreational purposes is the oldest and traditional way. For these purposes, natural flow or water from shallow wells is used. Also, geothermal hot water is used to heat buildings, swimming pools and baths, and some water can be bottled and consumed as they are sterile and rich in minerals and trace elements. Some are recomended by doctor to be drunk from the springs and are used in the treatment of, for example, in Vrnjačka Spa whose water are used in the treatment of diabetes, spa water from Sijarinska Spa is used for gastro tract, eye wash, etc.  In some spas in Serbia (Niska Spa, Prolom Spa) geothermal heat pumps are also used for the use of geothermal water with temperature lower than 300C. The same case is in Prolom Spa.
C. For the production of electric energy

Electricity generation based on geothermal energy is similar principle to the production of power plants based on fossil fuels. However, there is no essential difference in the method of production of water vapor which is not obtained by combustion of fossil fuels, but using geothermal water or steam with a high temperature (higher than 1200C), which drives the generator. Another difference is environmentally friendly technology, because there are no emissions, no problems with particle emissions and ash disposal. Sources for the use of geothermal energy for electrical power generation are:
- Hot dry rock: These are found at depths of 2.5 to 6 km, temperature of 150 to 3000C. These sources are difficult to be used because the rocks need to be crushed and water should be brought to them, since they transfer heat poorly and there is danger of explosion, and these are now widely investigated,
- Water at great depths and under high pressure, located at depths ranging from 2.5 up to 9 km, the temperature is about 1600C,  pressure greater than 1000 bar, typically with a high content of mineral, up to 10%, and  saturated with natural gas, mainly methane, and their use is investigated,

- Water / steam at lower depths up to 5 km,  temperature of about 3000C, pressure up to 8 bar, water can exit alone, or by the pump, but  there is a lack of mineral content. If it is about water vapor, it comes itself with a temperature of about 2000C. Such sources are used commercially because it does not require special technology for drilling and exploitation. (Cakić, Veljković, Stamenković, 2011, p.18-19) 
Activities to introduce the use of geothermal energy in Serbia in the last 30 years have had very limited success. Although the current economic situation is difficult, it offers the best chance to change the situation. Serbia has a great need and all the preconditions regardless numerous obstacles to develop geothermal technology very fast. The development of geothermal resources and geothermal technologies should become the primary interest of the country. From an economic point of view and from the point of view in relation to environmental protection, domestic clean energy resources are able to be incorporated into the state economy because they offer benefits that cannot be offered by any other energy resources. The world has shown that geothermal energy is a competitive source of energy compared to the other available ones, wherever it is available and where its implementation and exploitation is suitably organized.
Since the estimated total amount of geothermal energy that could be used is much more than the overall quantity of energy sources based on oil, coal and gas operation together, Geothermal energy should certainly get more attention and consideration. Especially if we take into consideration that it is a cheap, renewable energy source that is environmentally friendly. Since geothermal energy is not easily accessible everywhere, we should at least take the advantage and use the locations where this geothermal energy is easily accessible and thus at least, slightly reduce the pressure on fossil fuel and help the Earth to recover from the harmful gases with greenhouse effect.
5. Conclusion
The whole Europe aims to reduce energy dependence and is trying to increase its energy production, and the only option is to significantly increase the share of renewable energy in the total energy balance. Serbia is in the similar energy dependence on imports and therefore it is very important to urgently increase the application of geothermal energy. In the next period of ten years, the use of geothermal energy can provide over 10% of needs for heat demand with minimum investment, compared to other energy sources. The cost of this investment can be full secured by citizen’s investment, without additional borrowing of the government.
The increasing unpredictability of the price of energy derived from fossil fuels, environmental pollution, as well as compliance with the Legislation of the European Union requires the urgency of establishing a coherent state policy in this field and the integration of measures to stimulate the use of geothermal energy in the energy strategy and its implementation.
Geothermal energy in Serbia is symbolically used, although the geothermal potential of the country ranks Serbia among one of the richest country. Its use and exploitation have to become more intense because of the following factors: the tensions of oil and energy imbalance, the market economy, a steady increase in the deficit of fossil and nuclear fuels, worsening environmental situation and the rising costs of environmental protection. The greatest importance for Serbia is the direct use of geothermal energy for heating and heating in rural and urban areas and the development of agriculture and tourism.
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