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Abstract:Future and further development of energy and mining sector in Bosnia and Herzegovina is 

fully dependant on EU energy and climate goals adopted by Bosnia and Herzegovina through 

Agreement on Establishment of Energy Community. It concerns a series of concrete actions including 
carbon tax, market model incentives for renewable energy and gradual suspension of subsidies for 

coal.   

This paper deals with some of the issues relevant for sustainable transition and decarbonisation of 

energy and mining sector in Bosnia and Herzegovina, and shows various data and analyses required to 
determine their interdependence and mutual influence, in order to propose an option of a feasible 

energy mix as a basis for a sustainable transition of energy and mining sector in Bosnia and 

Herzegovina.  
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1. INTRODUCTION 
Bosnia and Herzegovina has substantial coal reserves, with a high percentage of commercial reserves. 

Thermal power plant using coal were built not only to meet domestic needs but to secure a significant 

export of electrical energy as well.  
Effective demand for coal by thermal power plants is a main regulator of coal production because it 

absorbs 85 % of total production, while the remaining part is used to cover industry, broad 

consumption, and export needs.  
Possible threats for coal sector primarily concerning  possible use of imported natural gas for industry 

needs, impose need to invest maximum efforts to improve coal production process and to reduce 

production costs, to remain competitive in the energy market. As for the broad consumption it stands 

for advanced technologies using solar, biomass or geothermal energy.  
Development project in this sector are mainly more politically defined than based on technical-

techological or economic factors. Market conditions were not taken into proper account. Current price 

of electrical energy at wholesale markets in Europe is up to 30 % lower than prices required to secure 
sustainability of thermal power plants. Therefore a new view on function of thermal power plants is 

required.   

In 2017, Bosnia and Herzegovina had 2,065 MW of installed thermal power plant power. Total 
electricity production of coal thermal power plants standed on 72 % share of total production , i.e, 10,9 

TWh. In 2018 and 2019 the production of electricity from Thermal units standed around 60 % of total 

production [5]. Taking into account global and European trends in electrical energy sector, and 

obligations in conformity with EU Directives and ratified Paris agreement it is necessary to explore 
alternative options of domestic mix portfolio, some of which should shift away from dominant coal 

based electricity generation.  

2. COAL MINES DEVELOPMENT SCENARIOS IN BIH 
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Framework Energy Strategy of Bosnia and Herzegovina until the year 2035. includes possible 
scenarios that can follow future selected strategies and development policies of production mix for 

Bosnia and Herzegovina.  

Comparison of four potential options of production portfolio development, namely; 

 Entity scenario developed by entity work groups 

 Scenario based on Indicative development plan 

 Scenario based on expense optimized indicative development plan 

Light renewable scenario with energy efficiencyshows that among them just one option includes 
continual need for reduced coal use in electrical energy production, while other three imply increase of 

coal production at various rate .  

Light renewable development scenario of production mix with energy efficiency presents the most 
important but still not sufficienty agressive step away from present structure of installed capacities and 

electrical energy generation in Bosna and Herzegovina. That option includes reduced needs for coal 

until 2035 in relation to other scenarios. (Framework Energy Strategy of Bosnia and Herzegovina) 

3. ANALYSIS AIMED TO DETERMINE A FEASIBLE ENERGY MIX IN BOSNIA AND 

HERZEGOVINA,  PERIOD 2021-2030 

Based on Stabilisation and Association Agreement, Energy Community Agreement, and other 

agreements signed (Agreement on Energy Chart, Kyoto Protocol, Initiative for Western Balkan, Paris 
Agreement), Bosnia and Herzegovina expressed full determination to sustainable development of 

energy sector.   

Bosnia and Herzegovina, due to its status ( Anex 1 – developing country), was given so called adapted 
goals until 2020 

1. Share of renewable energy sources – 40 % 

2. Energy efficiency – 12 % 
3. CO2 emmision reduction, non obligatory goal until 2020. 

For the period 2021-2030 there are two scenarios for CO2 emission reduction in comformity with 

UNFCCC and  INDC. Light scenario implies that CO2 emissions can be raised up to 18 % in 

comparison with values from 1990, and  

 Strict scenario implies that CO2 emmissions has to be 3 % below values from 1990.  
The Third National and Second Biennial Report on green house emmissions in BiH, indicate that the 

most important source of CO2 emmissions is energy sector, with 53 % share in total CO2 emmissions.  

Changes primarily stand for dynamics and structure of energy supply and demand, aimed at incentives 
for cleaner energy, i.e toward the decarbonisation. Decarbonisation includes changes in supply of 

energy sources for electrical energy generation, industrial needs, heating and cooling systems, and 

transport through changes in used fuel sources.  

Apart from replacement with carbon free energy sources, decarbonisation relies on savings aspects. 
Decarbonisation or transition is a process in which a critical degree of fosille fuel replacement is 

achieved. Distinction should be made between the decarbonisation as a process from decarbonisation 

as a result or status.  
As already mentioned, coal is the most important energy source in BIH, and further in this  paper 

various data are analysed to achieve a feasible production mix in BiH, especially when it comes to 

electrical energy generation and coal in the process of transition, with respect to goals and obligations 
accepted by  the Energy Comunity Agreement for the period 2021-2030.  

 

3.1. Analysis of the renewable energy sources 

One of the crucial goals is to achieve additional share of 10 % of renewable energy in final 
consumption. Giving the fact that the determined goal for BiH until 2020 is to achieve 40 % share of 

renewable energy, that means 50 % share should be reached until 2030.  

Generation of electrical energy in BiH is secured by Thermal power plants, hydro power plants, small 
hydropower plants, industrial power plants, wind and solar power plants. The total consumption of 

electrical energy is used in this analysis since the difference between final consumption and total 
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consumption is in losses occuring in transmission, distribution, and transformation, as well as self 
consumption by power plants. Table 1 shows generation from renewable sources along with the ratio 

of generation from renewable sources and thermal power plants for the period 2021-2030, taking into 

account obligatory share of renewables and thermal power plants by years in order to achieve the goal 

of 50 %.  
 

Table 1 Electrical energy generation from renewables and TPPs with percentage share  

for the period 2021-2030. (BiH Framework Energy Strategy) 

year 50% 
Renewables 

Wh 

Thermal 

power plants 

GWh 

2021 41 5.799,24 8.345,25 

2022 42 6.012,13 8.302,47 

2023 43 6.229,55 8.257,78 

2024 44 6.451,59 8.211,13 

2025 45 6 .678,36 8.162,45 

2026 46 6. 909,96 8.111,70 

2027 47 7.146,50 8.058,82 

2028 48 7.388,08 8.003,76 

2029 49 7.634,82 7.946,45 

2030 50 7.886,83 7.886,83 

 
If the balance value related to the electric energy sector in BIH in the period 2013-2017 (production in 

hydro and industrial power plants) adds up and calculate average production it will come to 6.508,89 

GWh whereas annual production varies from 3.831,39 GWh to 7.123,62 GWh. Comparison of 
production data in GWh given in table 2 (total production of 5.432 GWh), and required ratio of the 

production from renewables from table 2, it can be concluded that an additional construction of 

renewables based power production plant is required (Hydro and wind) in order to achieve the goals 
set.  

 

Table 2 shows potential plants for construction in the period 2021-2030 [12].  

Table 2 Plants planned for construction  

Year Plant 
Power 

in MW 

Annual 

production 

GWh 

Total 

production 

GWh 

Investments 

mil. EUR 

2021 HPP Vranduk 20 95 95 70 

2022 VPP  Podveležje 48 120 215 70 

2023 HPP  Ugar Ušće 11,6 33,19 248,19 12,87 

2024 HPP Mrsovo 43 123 371,19 83 

2025 HPP Ulog 35 100 471,19 60 

2026 WPP Trusina 51 160 631,19 65 

2027 HPP Cijevna I 14,1 67,7 698,89 36,49 

2028 HPP Ustikolina 59 240 938,89 90 

2029 WPP Bitovnja 54 143 1081,89 80 

2030 
SmallHPP at Cetina 
river 

13,1 32,68 1114,57 23,37 

Total  
10 years 

Hydro power plants  7 

Wind power plants    3 

Total   10 

 

195,8 

153  

 

 

 

 

590,73 

348,8 
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Table 2 shows that required investments for construction of wind and hydro power plants amount to 
590,73 million euros, i.e. 115.050.000 KM for the planned production of 4.771 GWh, which is 

24.114,44 KM/GWh or 0,024 KM/kWh (wind plants 1,13 KM/kWh). If these 4.771 GWh were 

produced in thermal power plant that would result in 6.202.300 equivalent tons of CO2. 

 

Table 3 Possible production mix (HPP+small HPP+IE+WPPand TPP) for the  period 2021-2030  

Year 

(HPP +small HPP 

+IPP+WPP) 

Renewables 

GWh 

Total 

renewables 

GWh 

TPP 

GWh 

Total 

GWh 

Total electrical 

energy 

consumption 

with savings 

and EE of 10 % 

Possible 

surplus/deficit 

GWh 

 

1 2 3 4 5 6 7 

2021 6508,89+95 6603,89 
8345,25 

14949,14 
14144,49 

804,65 

2022 6508,89+215 6723,89 
8302,47 

15026,36 
14314,60 

711,76 

2023 6508,89+248,19 6757,08 
8257,78 

15014,86 
14487,33 

527,53 

2024 6508,89+371,19 6880,08 
8211,13 

15091,21 
14662,72 

428,49 

2025 6508,89+471,19 6980,08 
8162,45 

15142,53 
14840,81 

301,72 

2026 6508,89+631,19 7140,08 
8111,70 

15251,78 
15021,66 

230,12 

2027 6508,89+698,89 7207,78 
8058,82 

15266,60 
15205,32 

61,28 

2028 6508,89+938,89 7447,78 
8003,76 

15451,54 
15391,84 

59,70 

2029 6508,89+1081,89 7590,78 
7946,45 

15537,23 
15581,27 

-44,04 

2030 6508,89+1114,57 7623,46 
7886,83 

15510,29 
15773,66 

-263,37 

 
Column 2 in Table 3 shows average annual production from renewables along with production from 

new pottential wind and hydro power plants by years. Column 3 shows sum of values from column 2, 

whereas column 4 shows production from power plants given in table 4. Sum of values from columns 

3 and 4 gives total production shown in column 5. Values of possible surplus or deficit shown in 
column 7 are calculated by deducting values shown in column 6 from values in column 5. Possible 

surplus or deficit calculated can be used for balancing production from hydropower and other plants, 

as well as for possible export, or to compensate delays in implementation of energy efficiency 
measures, or construction of new energy plants. Values  in table 3 indicate that a deficits occur in the 

years 2029 and 2030, thus solution to prevent it  must be sought.  

 

Remark: This paper does not include information concerning solar energy sources, simply because it 
was not analyzed in the BiH Framework strategy. But as an information without giving details 

concerning solar energy potentials in BiH, it is good to know that 45MW solar power plant Petnjik is 

currently under construction in Grude municipality. The state owned Elektroprivreda BiH plans to 
construct a 30 MW solar power plant in the vicinity of Podveležje wind power plant, whereas 

Republic of Srpska approved two concessions for solar power plants to private company EFT 

(60MW), and to state owned company Elektroprivreda Republike Srpske (73 MW). Several local solar 
energy plants are planned to be constructed as well. One of these is planned at location Bjelajski 

Vaganac (90 MW) in Bosanski Petrovac municipality. 

 

2.2. Analysis of Electrical Energy Production in Thermal PowerPlants  

and Required Coal Supply  
 

Electrical energy production in thermal power plants and required coal supply in shown in Table 4 
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Table 4 Thermal power plants production and coal supply requirements 

Year 

Coal 

consumption 

in TPPs 

t/GWh 

Production of 

electrical energy 

in TPPs-GWh 

Required coal 

supply for TPPs  

tons 

1 2 3 4 

2021 1050 8.345,25 8.762.512,50 

2022 1050 8.302,47 8.717.593,50 

2023 1070 8.257,78 8.835.824,60 

2024 1000 8.211,13 8.211.113,00 

2025 920 8.162,45 7.509.454,00 

2026        920 8.111,70 7.462.764,00 

2027 900 8.058,82 7.252.938,00 

2028 860 8.003,76 6.930.533,60 

2029 850 7.946,45 6.803.196,00 

2030 850 7.886,83 6.703.805,55 

 
Column 2 shows coal consumption in TPPs [4].  

Table 4 indicates a reduction in coal suppy requirements, to6.703.805,50 tons in the final analysed 

year 2030,  required to meet domestic electrical energy needs, EE goal of 10 % increase, and 50 % 
share of renewables, for the period 2021-2030, without taking into account possible export.  

Difference in electrical energy production between the years 2021 and 2030 is 5,5 %, whereas coal 

supply requirements are reduced by 23,50%, that would result in reduction of CO2 emission  by 
2.676.319 equivalent tons, achieved by possible introduction of new thermal units or usage of better 

quality coal.  

 

3.2. Analysis of CO2 emissions 

 

Climate changes caused by excessive green house gasses emissions (GHG) are the key challenge for 

human kind in 21st century. Conventional energy systems, based on fosill fuels, present the biggest 
source of GHG emissions. Therefore collective efforts of international community, coordinated within 

the UN organization are primarily focused on decarbonisation of energy sector (energy transition) with 

the aim to radically reduce CO2 emissions until the year 2050. Generally, GHG emissions reduction is 

planned to be carried out based on the Global Climate Program established by Paris Climate 
Agreement, that went into force on November 4, 2016 (effective from the beginning of 2021) 

CO2 emissions in BiH by years were as follows: 

1. 1990 -34.043,49 Ggr while the sink was 7.423,53 Ggr, 
2. 2002 - 16.170,00 Ggr, 

3. 2005 -16.645,07 Ggr, 

4. 2011 - 28.028,00 Ggr, 
5. 2013 - 24.028,00 Ggr, 

Remark: 34043 gigagrams = 34 043 000 tons 

 

Based on the Third National Report and The Second Biennial Report on greenhouse gasses emissions 
in BiH the major emissions sources were: Energy sector contributing with 53 % to total emissions, 

then agriculture 14 %, industry 6 %, waste 5%, while other sources stand with 22 %.  

Total emissions were 1,59 t CO2/MWh, while specific emissions from thermal power plants were 1,3 t, 
and with given emission of  1,3 t CO2/MWh it amounts to 11.609.845 t CO2.  
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The power plants production in 2017 amounted to 10.918,44 GWh or 10.918.440 MWh, resulting in 
emissions from thermal power plants of 14.193.972 CO2 equivalent tons. 

CO2 emissions in the year 1990 were  34.043.490 tons, whereas based on light and strict scenarios the 

emissions in 2030 will amount to 40.171.318 t CO2 and  33.022.186 t CO2 respectively, the goals that 

will not be so hard to meet. However if a more strict scenario would be imposed on Bosnia and 
Herzegovina then it could be questionable how to reach it, since it would require additional. 

When it comes to green house gasses absorption (CO2 absorption by forests, for instance), then it 

concerns the sink of greenhouse gasses.  
Total emissions and sink of gasses in the frame of forestry and changes in land use for BiH were 

calculated for the period 2002-2009 and 2012-2013. Based on data collected, calculation results 

indicate that forests in BiH present a significant sink of CO2. Forest in BiH, based on available data for 
the base year, cover 2.28 million hectares. Deciduous trees stand for 68,8% and conifers 31,2 %. 

Taking these data into account and the annual growth of 10.5 million hectares (GTZ 2001), the factor 

of annual growth was determined in tons of dry matter per hectare. (2.375). Total biomass share is 

2.386,5 Gg of dry matter, while the net annual intake of CO2 equals 2.024,60 Gg, in conformity with 
calculations taken from the Instruction for changes in forest systems and other wood biomass supplies.  

 

Using IPCC defined values of carbon share in dry matter, the total intake of carbon is 3.217,85 Gg. 
Giving these results along with calculation of annual carbon emission release, the final annual CO2 

sink in BiH forest ecosystems for the base year 1990 was calculated to be 7.423,53 Gg, whereas for 

the year 2013 it was 6.141 Gg. 

Secretariat of Energy Community made a calculation of EU Trade emission system influence on 
member states.  

For instance, Serbia annually produce 24 million tons of CO2. With CO2price of5 euros per 1 tone, as 

it was in previous years, the expenses amount to 121 million euros, and electricity prices should 
increase by 6%. But with the prices of 22 euros per 1 tone, as it is nowadays, the expenses increase 

significantly, to 484 million euros, while electricity price should be raised by 24%. If the EU 

regulations were applicable at this moment, that would be the expenses of CO2 emissions. The 
illustration shows that difference is increasing constantly, thus urging to prompt conversion to 

renewables [14]. 

 

4. CONCLUSIONS 
 

Based on Lisabon Agreement4, then taking into account that there will be no subsidies for energy 

production, and with respect to all obligations related to climate changes, EU member states have 
right to use their energy sources and to determine their mix of energy sources used (energy mix).  

Process of replacing coal based electricity production with renewable sources, alters the energy mix in 

Bosnia and Herzegovina. Replacement of energy mix requires development and that process will have 
a severe impact of energy stability. Decarbonisation in BiH to be carried out in the defined time limits 

(2021-2030) , based on BiH Integrated Energy and Climate Plan will bring radical changes. Specific 

properties of renewable energy sources and technology along with business models used for their 

optimisation offer chances and set new challenges to energy safety.  
As presented in this paper, decarbonisation andtransition of energy and mining sectors offer various 

options and can present a challenge for energy safety. Energy transition will obviously last pretty long 

implying further usage of coal, but with gradual reduce in its share in energy mix with time, in 
compliance with EU policies and goals.  

Potential safety challenges related to decabonisation ans transition in BiH should be primarily focused 

on proper assessments, and be quantified  and reviewed. General goal is reduction to minimum all 

risks caused by transformation of energy and mining sector in BiH.  

 

                                                
4Lisabon agreement on changes of the Contract on European Union and European Community Foundation Contract  
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It is necessary to timely initiate and plan programmes of „Just transition“ for the regions dependant on 
coal sector. Greatest threat for this region present an inadequate and only market based reduction of 

production.  

BiH is undoubtely one of the least efficient countries when it comes to energy usage, therefore 

electrical energy sector should be transformed based on reduction of electrical energy consumption 
through a very agressive approach in order to attain the highest possible level of energy efficiency, 

that could result in reduction by 30 % in relation to the present status, and it will reduce need for  

constructing  new energy plants.  
Energy system in BiH can be significanty impacted by delays in investments, but in order to meet all 

goals related to renewables it would be necessary to include and analyse thoroughly possible 

production from all pottential renewable energy sources.   

Analysis presented in this paper and offered calculation of a feasible energy mix indicates that a “Light Renewable 

Scenario” from the Framework Energy Strategy of Bosnia and Herzegovina” is a good starting base for 

development of a realistic energy mix in order to fulfill goals from the Agreement on Establishment of the Energy 

Community and EU Energy/Climate goals.  

It is important to emphasize that development of the Integrated Energy and Climate Plan should be followed by 

development of a transitional plan for support of  communities dependant on coal production, and to define a 

realistic time frame for achieving sustainable energy transition, i.e. decarbonisation.  

Development of such strategic documents require broad consensus dialoques involving allstakeholders in order to 

achieve realistic and quality outcomes.  
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