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At present, the energy system in the Czech Republic needs to decide some important issues regarding limited 

fossil resources, greater efficiency in producing of electrical energy and reducing emission levels of pollutants. 

These problems can be decided only by formulating and implementing an energy mix that will meet these 

conditions: rational, reliable, sustainable and competitive. The aim of this article is to find a new way of 
determining an optimal mix for the energy system in the Czech Republic. To achieve the aim, the linear 

optimization model comprising several economics, environmental and technical aspects will be applied. 
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1. INTRODUCTION  

Energy solutions for our past, present and future energy mixes are commonly formulated by participants in a 

complex decision-making process. The principal participating groups in our society, responsible for achieving 

results in energy choices, are identified in an IAC Report [1] as follows: 

- Multinational organizations: IEA, UN, World Bank, regional development banks, etc. 

- Governments: national, regional, local energy policy makers. 

- Science and technology community: academia and associations. 

- Private sector: industry, consultancies and foundations. 

- Non-governmental organizations: World Energy Council, Earth watch, etc. 

- Media: Scholarly journals and popular media (print, web, radio, TV). 

- General public: social networks, etc. 

By tracking past and present global energy consumption and production, we know that the exploitation of the 

world’s energy sources have followed an evolutionary shift that has led to the successful replacement of 

firewood and traditional sources, with fossil fuels: first coal, then oil and finally natural gas [2]. 

The monitoring of global energy flows by international agencies is based on the records maintained by 

individual countries. Such records of energy consumption, production and imports provide a powerful basis for 

forward trend projections, which can support by providing quantitative data a country’s vision for future energy 

supply and energy mix optimization. The model of a country-scale energy system may reveal excellent insight 
into how energy flows from source to end users, and also identifies what proportion of energy is lost in the 

process of energy conversion. 

 

2. METHODOLOGY OF THE EMISSION MODEL 

2.1 General aspects 

Today’s global patterns of energy supply serve the needs of concurrent energy markets. Answering concerns 

about our future energy demand and supply requires that we utilize theory, tools and models on the basis of 

which we imagine a vision of the future and formulate a strategy to establish the desired energy mix that is 

suitable for the anticipated future. Several classifications can be used to distinguish among models used for 

formulating a strategy for future energy mixes [3-5]. 

The national economy is a set of interrelated institutions and their activities in the field of production, 
distribution and consumption within a relatively closed whole, bound to a specific territory. A modeling of the 

power system is to calculate its optimal operation. The optimization of the production systems’ development is 
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one of the most complex optimization problems. A system approach to solving this task provides a separation of 

the particular production system from the superior system to the national economy. This requires assessing the 

national economy as a complex system, formulating clear goals for its operation, establishing a hierarchical 

arrangement of its subsystems and identifying effective ways of managing it [6-7]. The main aim of the 

optimizing energy development is to select the most effective method of production, transformations, 

transportation and use of all forms of energy, whose total consumption was set at higher hierarchical level in 

plan directives. The optimization of energy development must be based on the complex concept of the energy 

system, thus it leads to a significant amount of optimization problems that usually cannot be solved without the 
use of mathematical modeling and computers. 

The principal factors of strategic choices initialization and options of the mix structure are: impact on climate 

change, security of energy supply, energy prices and environment competition. 

2.2 Current Status and Expected Development till 2020 in the ES of the Czech Republic 

Based on Directive 2009/29/EC of the European Parliament proposal in March 2007, the Czech Government has 

approved the following objectives: 

   •     Reduce greenhouse gas emissions to 20% by 2020 (compared with 1990). 

•     Improving energy efficiency by 20% by 2020. 

•     Increasing the share of renewable energy to 20% by 2020. 

•     Increasing the level of bio-fuels in transport fuels to 10% by 2020. 

The production of electricity in the Czech Republic is covered approximately by 60% of production in fossil fuel 
power plants, 32% in nuclear power plants and the rest of the mix in water, gas, photovoltaic etc. The production 

of electricity comprises approximately 20% of the final energy consumption and 50% of the consumption of 

primary energy sources [8]. 

During the years 2010 to 2020, both the nuclear power plants, Dukovany and Temelín, are considered to be in 

the operation. Dukovany is expected to continuously grow in the installed capacity of blocks with its gradual 

modernization. 

ČEZ thermal power stations with the nuclear power plants create the decisive part of the resource base in the CR 

which provides a significant volume of energy production and a number of regulatory services. The sources are 

mostly the units of type series 50/55 MW, 100/110 MW, 200/210 MW and 500 MW as this corresponds to the 

historical development of installation [9]. The calculation of the scenarios takes into account “independent 

producers” that are entities outside of ČEZ, a. s. 

Hydroelectric power plants constitute within the ES CR relatively stable group for which there are no significant 
long-term changes. This is due to relatively high level of depletion of the natural hydro-potential in the Czech 

territory. The crucial localities are already used and due to low flow water levels in streams in areas with high 

slope and vice versa low slope in places with higher flow rates are the possibilities for expanding small hydro 

power plants. 

The issue of renewable sources in the past few years is the subject of a comprehensive interest. This is because 

society in general must seek alternative sources of energy, at least partially reduced use of fossil fuels and thus 

limiting emissions in particularly CO2. On the other hand, the use of renewable resources often place unrealistic 

demands whose fulfillment would require  disproportionate investments, but also a variety of complex technical 

steps that in the final stage would lead to additional costs beyond the dedicated investment for building of the 

renewable. It is necessary to pay attention to the issue of RES. It is desirable to include RES in the balance of the 

mix in the real amount and not to create a false impression that it could replace significant part of the electricity 
production. Therefore, our endeavor was to use in the mix just such a range of renewable energy sources, which 

researchers have considered to be real.  

The prospect of a future energy-saving technology takes into account the use of new technologies as: Smart 

Grids, Carbon Capturation and also the possibility of an operation of stand-alone systems using fuel cells in 

terms of both the individual regional energy mixes in the CR, and the European energy system. Issues of their 

using in the industry and in tertiary sector (residential homes, small businesses) is dealt where part of the 

produced electricity will be accumulated in the environment or directly consumed, and part will be used for 

hydrogen production.  
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2.3 Model Formulation 

This part of work is concerned by the developing of the electricity-production scenario for the future 

development of ES in the CR. The impact of the scenario on the environment will be calculated in the proposed 

optimization model and then compared with the calculation from GEMIS. The processed energy mixes are 

considered as: 

1. The reference mix with the realistic gross electricity production structure in the CR in year 2010, as seen in 

tab.1. 

2. The optimal model for the gross electricity production in the CR for year 2020 with the consideration of the 
following restrictive conditions: 

•    Reduction of GHG emissions to 20% by 2020 (compared with 1990);  

•    Improving the energy efficiency by 20% by 2020; 

•    Increase in consumption of electricity for 2020 to 90 000 GWh; 

Limiting conditions for each source are based on natural and technological limits in the CR specified in State 

Energy Policy, National Action Plan, specifications of EGU Brno. 

 

2.4 Model of Current Energy Mix 

For the energy calculation, we chose a representative mix of energy sources with typical characteristics that are 

commonly found in the CR. The biggest producers of GHG are the steam power plant, and the power plant on 

black and brown coal which constitute approximately 59% of total gross electricity production in the country. 
The share of renewable sources in the reference year 2010 was approximately 8% and the share of electricity 

from nuclear power plants was 33%. The modeled mix was adapted to these proportions as seen in the tab.1. 

Tab. 1 Structure of gross electricity production in ES CZ for 2010 
 Production Emission Life Time Operation Time 

Source TWh/y t/y ×10
3
 years h/y×10

3
 

Boiler Biogas 1.01 34.97 20 2.5 

Coal Boiler 6.05 3 314.14 15 1.6 

Combined Cycle Power Plant 3.60 2 740.99 15 4.0 

Hydro Power Plant-small   1.32 6.47 50 3.96 

Hydro Power Plant without pumping CEZ 1.47 308.02 50 0.2 

Hydro Power Plant Pumping CEZ 0.59 123.67 50 2.0 

Nuclear ST Dukovany 14.20 1 082.73 25 7.0 

Nuclear ST Temelín 13.80 956.35 23,6 6.0 

Brown Coal Power Plant 40.91 47 589.58 15 5.0 

Solar Collector CZ 0.66 98.85 20 0.5 

Wind Mill CZ 0.34 19.42 20 1.5 

Biomass Steam Power Plant 1.50 42.17 8 0.2 

Total 85.39 5 6317.35   

The amount of GHG emissions of each typical source converted to 1 GWh shows fig.1, where we assume a 

linear progression in dependence on the production quantity.  

 
Fig. 1 GHG emissions for 2010 gross electricity production in ES CR 
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2.5 Cost model of 2010 ES mix 

In the cost analysis, we calculated an annual component of capital cost as well as fixed annual costs for 

operation and maintenance, annual variable costs and fuel costs. 

A simplified calculation of the cost of the product delivery process is based on specific costs from the GEMIS 

database which includes for each technology: the specific investment costs Nim; the specific fixed non-investment 

costs FCm; the variable non-fuel costs bm; the specific fuel costs dm. 

The total investment costs Ni are the specific investment costs Nim multiplied by a power of the process Pt. These 

costs also include investments in technology to reduce emissions associated with the process (only for 
combustion processes). 

The annual costs of investment are derived using the methodology annuity. 

                        
        

       
 (1) 

where          , r is the discount rate (e.g.          ). The annual investment cost Nia is equal to the 

annuity component in case of      , or to the depreciation component in case of      , n is lifetime of a 
technology in years and a is the annuity factor.  

The fixed annual costs     are derived by multiplying the specific fixed costs FCm with the power of the process. 

The annual variable costs ba are derived by multiplying the specific value with the power of the process and the 

annual operating time top.  

The annual fuel costs da are calculated by multiplying the annual fuel use ca and the specific fuel price pc or by 

multiplying the specific value dm with the power of the process and the annual operating time top. 

By summing the calculated costs, we have determined the total annual cost of the analyzed process for a year.  

                                                                  (2) 

 

Tab.2. shows the various cost-components of the reference mix for year 2010. Fig.2. shows various cost 

components involved in the production of 1 MWh for each source in the mix, and it is obvious that the 

photovoltaic have the highest costs of 1 MWh production which are several times higher than the costs of other 

sources. 

Tab. 2 Individual cost components of the reference mix for 2010 

 Fix. Costs Var. Costs Fuel Costs  Invest. Costs Cap. Costs Prod. Costs Costs  

Source EUR/MWh EUR/MWh EUR/MWh EUR/MWh EUR/MWh EUR/MWh EUR/y×10
7
 

Boiler Biogas 5.99 2.69 18.20 3.75 7.10 39.0 3.93 

Coal Boiler 11.70 2.70 20.55 7.80 12.80 62.6 37.8 

Combined Cycle Power Plant 1.87 14.23 62.94 9.36 15.40 110.6 39.8 

Hydro Power Plant-small   7.57   15.15 54.90 77.6 10.2 

Hydro Power Plant without pumping CEZ 11.24     13.1 1.93 

Hydro Power Plant Pumping CEZ 48.32 48.32    98.5 5.82 

Nuclear ST Dukovany 8.03 1.87 6.20 4.28 9.20 30.2 42.9 

Nuclear ST Temelín 10.61 1.87 5.89 13.75 28.50 61.2 84.5 

Brown Coal Power Plant 7.70 5.46 17.17 0.00 2.00 46.9 192.0 

Solar Collector CZ 674.10   67.41 127.30 873.0 53.7 

Wind Mill CZ 18.73 5.62  37.45 70.70 133.0 4.46 

Biomass Steam Power Plant 4.68 8.61 4.17 4.68 6.30 29.0 4.35 

Total       482 
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Fig. 2 Structure of production costs of MWh for EE 

 

3. OPTIMIZATION MODEL OF THE MIX SCENARIO FOR 2020 

Based on the linear optimization model, we will propose several scenarios of the energy mix to minimize the 

cost of the electricity generation. We assume the calculation of the optimal energy mix as a linear programming 

task with one criterion function and a set of restrictive conditions. Our objective is to minimize cost of produced 

megawatt hours of electricity and the linear model can be written as: 

                  
         

 
  

        

 
      

         

 
  

 

 
   (3) 

where: 

                .. is linear function, 

             .. amounts of t sources, 

        .. costs of produced megawatt of each of n sources. 

        .. capacity of annual production for each of t sources  

  .. is amount of annually produced electricity of ES 

Then we have a set of the limiting conditions: 

1. Macroeconomic input parameters - energy power consumption, cost of capital. 

2. Parameters of sources - fixed, variable, investment costs, time of use, maximum usage, upper and lower limit 

of installed power. 

3. Constraints on resources - lifetime of plants, possibility of building new ones. 

4. The availability of fuels - coal, natural gas, biomass, etc. 

5. Emissions - price of emission allowances, emission limits of pollutant production. 

6. RES - limits of renewable sources given by European legislation. 

According to the task of the future energy mix in the Czech Republic for year 2020, the gross electricity 

production has to fulfill at least Q = 90 000 GWh per year in 2020, share in production of renewable sources at 

least 20%, the price of EUA 10 EUR/t. The costs of 2020 mix were calculated in the price level of year 2010. 

 

4. RESULTS AND DISCUSSION 

Based on the predefined conditions we calculated proposed mix scenario using linear optimization procedure. 

This optimal model satisfies the requirements and goals of European Efficiency Directive. The structure of the 

optimal electrical energy production for year 2020 is described in the tab.3. 
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The share of electricity from coal and lignite power plants in the proposed mix consists of approx. 40% against 

55% for year 2010, share of electricity from the nuclear power plants is 38% and the proportion of energy from 

renewable sources is approx. 20%. Dukovany nuclear power plant will produce 12.7% more electricity compared 

to the reference scenario, and small hydroelectric power plant production will increase by 5.12%.   

Tab. 3 Structure of gross electricity production in ES CZ for 2020 

 Production Emission Annual Costs Production/year×10
3
 

Source TWh/year t/ year×10
4
 EUR×10

7
 min GWh max  GWh 

Boiler Biogas 2.5 8.67 9.75 0.3 2.5 

Coal Boiler 3.0 1650 18.8 3.0 8.0 

Combined Cycle Power Plant 3.0 228.0 33.2 3.0 11.0 

Hydro Power Plant-small   6.0 2.94 46.6 1.0 6.0 

Hydro Power Plant without pumping CEZ 2.0 41.8 2.62 0.8 2.0 

Hydro Power Plant Pumping CEZ 3.6 75.3 35.5 0.5 9.0 

Nuclear ST Dukovany 20.0 152.0 60.5 14.0 20.0 

Nuclear ST Temelín 14.0 97.0 85.7 13.8 18.0 

Brown Coal Power Plant 32.0 3720 150.0 28.0 32.0 

Solar Collector CZ 0.6 9.63 52.4 0.6 2.0 

Wind Mill CZ 0.3 1.74 3.99 0.3 1.0 

Biomass Steam Power Plant 0.3 8.44 8.71 1.3 3.0 

Total 90 4 510 508.0   

The considered sources were limited to the maximum and minimum limits of the annual production in 

accordance with the SEC, EGU Brno and the National Action Plan of the CR. We calculated the average costs of 

1 MWh production based on the specific costs for 2010. The average cost for the 2020 mix was 56.42 

EUR/MWh that were slightly higher than the average costs in 2010 in value of 56.40 EUR/MWh. 

Tab. 4 Comparison of values between the reference mix for year 2010 and recommended mix for year 2020 

 

 

Source 

 

No. of Unit 

Annual Costs 

EUR×10
7
 

Emission 

t/year×10
4
 

Annual production 

GWh×10
3
 

2010 2020 2010 2020 2010 2020 2010 2020 

Boiler Biogas                   403.2     10×10
2
 3.94 9.75 3.5 8.7 1.0 2.5 

Coal Boiler                   377.7     187.5 37.8 18.8 331.0 165.0 6.0 3.0 

Combined Cycle Power Plant                      13.8     11.5 39.8 33.2 274.0 228.0 3.6 3.0 

Hydro Power Plant-small                  3.4×10
3
     15.2×10

3
 10.2 46.6 0.65 2.94 1.3 6.0 

Hydro Power Plant without pumping CEZ                      10.2     13.8 1.93 2.62 30.8 41.8 1.5 2.0 

Hydro Power Plant Pumping CEZ                        0.3     1.6 5.82 35.5 12.4 75.3 0.6 3.6 

Nuclear ST Dukovany                        1.2     1.6 42.9 60.5 108.0 152.0 14.2 20.0 

Nuclear ST Temelín                        1.2     1.2 84.5 85.7 95.6 97.0 13.8 14.0 

Brown Coal Power Plant                      10.2     8.0 192.0 150.0 4.8×10
3
 3.7×10

3
 40.9 32.0 

Solar Collector CZ           102.7×10
3
     100×10

3
 53.7 52.4 9.9 9.6 0.6 0.6 

Wind Mill CZ                   447.3     400.0 4.5 4.0 1.9 1.7 0.3 0.3 

Biomass Steam Power Plant                2 499.0     5000.0 4.4 8.7 4.2 8.4 1.5 3.00 

Total   482.0 508.0 5 630.0 4510.0 85.4 90.0 

 

Using the program GEMIS, we verified both the emission productions of the reference energy mix 2010, and 

suggested mix for year 2020. The resulting emission is shown in fig. 3.  

 

 
Fig. 3. Emissions CO2 eq. comparison between the mix in year 2010 and the optimal mix for 2020 using the 

program GEMIS 
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The proposed mix for 2020 was compared with public emission data from former years and emissions were also 

calculated for this mix in software GEMIS. Resulting values are given in the tab.5. 

 

Tab. 5 Comparison of output values for the period 1990-2020 

 CO2 eqv[kt] Annual 

production  

[GWh] 

Cost  

EUR/MWh GEMIS Proposal Public 

1990   54 255 62 558  

2000   55 945 75 000  

2010 56 500 56 317 54 592 85 900 56.39 

2020 45 500 45 137  90 000 56.42 

 

The emission values obtained for year 2010 from the three different sources (the public data sources, the 

calculation by software GEMIS and our calculation) were comparable and almost the same, which demonstrates 

the realism and the validity of the proposed model. 

Compared to 1990, GHG emissions were reduced by about 2,315 kt/GWh in 2010. In the proposed mix, the 

value of GHG emissions is reduced by about 3.67 kt/GWh.   

The proposed optimal mix respects the objectives of energy policy of the Government of the Czech Republic 

approved in March 2007, namely:  
•    To reduce the GHG emissions in 2020 (compared with 1990) - in the proposed model decrease by about 3.67 

kt/GWh, 

•    Increasing the ratio of the renewable energy to 20% by 2020. 

The software GEMIS allows to quantify a wide range of pollutants and GHG produced by the energy mixes as 

seen in tab.6: 

Tab. 6 Comparison of emissions between 

the reference mix for year 2010  

and the optimized mix for year 2020 
 Emissions [kt] Ref.  2010 Optim.  2020 

CO2 eqv. 56.5×10
3
 4.55×10

4
 

N2O 1.58 1.30 

Ash 11.6×10
3
 9.09×10

3
 

CO2 55.1×10
3
 4.44×10

4
 

CH4 35.95 28.21 

FGD residual 3.00×10
3
 2.36×10

3
 

Sewage sludge 1.06×10
-2
 1.88×10

-2
 

Production waste 66.81 130.24 

Overburden 3.34×10
5
 2.62×10

5
 

waste-nuclear fuel 1.14×10
-1
 0.14 

SO2 eqv. 135.54 102.54 

SO2 77.46 56.64 

NOx 82.52 65.26 

HCl 0.67 0.53 

HF 1.60×10
-2
 1.25×10

-2
 

Particulates 11.36 7.02 

CO 22.29 18.70 

NMVOC 3.57 2.29 

 

Comparing the value of pollutant emissions and greenhouse gases emissions between year 2010 and the 

proposed mix, we can conclude that the mix for 2020 has less environmental impact.  Given that the parameters 

of power production were aggregated, the considered costs may not be completely accurate due to unavailability 

of exact information.  Therefore, please note that the work provides a simplified scenario and cannot be used as a 

guide for routing a power manager in the Czech Republic.   It describes the methodology which can be used to 

determine the optimal energy mix and points to the ways to mitigate the negative impacts of the energy industry 

on the environment. 
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4. CONCLUSION 

This paper serves as a recommendation for the power sector of Czech Republic economy, and shows the 

pathway to mitigate the negative impact of energy on the environment. Energy mix visions and strategies are 

determining an important part of our world’s future prosperity and welfare. Choices made now are important for 

future generations. The choice of the model and its effectiveness for developing energy supply strategies 

critically depends on the underlying vision for achieving a future energy mix.  

The aim of this study was to find a suitable methodology for calculating the optimal and realistic mix at the 

aggregated level for the future development of the gross electricity production for 2020. The Czech Ministry of 
Industry &Trade (MIT) is currently preparing scenarios for the State Energy Policy of the Czech Republic. 

Therefore, we analyzed the energy sector in the CR and we tried to verify, if it is possible in 2020 to achieve the 

objectives set by the energy package 20, 20, 20 by 2020.  In the Czech Republic, several companies, professional 

groups such as EGU Brno, Enviros, MIT and the Ministry of Environment etc. have dealt with the issue of 

creating competitive, reliable, sustainable and rational scenarios for the future development of the state. 

Therefore, our energy mix considerations do not include all the related economic and technical values. Besides 

own costs of the investigated processes, it may be useful to analyze so-called external costs, which are created by 

the emissions of harmful gases, GHG emissions and wastes and evaluate their impacts on the environment 

considering the economic and environmental factors. The evaluation of the externalities is to a certain extent 

subjective. 
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