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1 Introduction 
The present report makes up the Final Electricity Sector Analyses Report in the 
project "Poland - Electricity and gas market development study and practical 
guidelines for using EU Funds".  

As part of the project, a range of quantitative analyses have been carried out for 
the electricity sector. The report presents the results of those electricity sector 
analyses. 

1.1 Background 
The Danish Energy Authority has financially supported consultancy assistance 
to the Polish Ministry of Economy and Labour with the objective of establish-
ing a background and tools for evaluating the consequences of different market 
development scenarios within the electricity sector and the gas sector.  

The consequences of liberalisation of these two markets are analysed in order 
to be able to set up a reliable decision basis for Polish policy makers and other 
stakeholders within both sectors.  

The electricity sector analyses have been carried out based on data and assump-
tions set up in cooperation with Polish experts within the electricity sector. In 
particular, the national power grid company PSE, the statistical office ARE, the 
consulting company Energoprojekt and the Technical Academy of Science in 
Krakow have contributed with data and assumptions for the analyses. 

1.2 Project objectives 
The present project will: 

• Identify major issues related to the restructuring and liberalisation process 
in the Polish electricity and gas sector; 

• Set up an overview of the Polish electricity and natural gas sector (supple-
menting the information elaborated by the Twinning Team); 

• Set up scenarios for development of electricity and gas markets in the pe-
riod to year 2020; 
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• Update the Balmorel model with recent data for the Polish electricity sys-
tem; 

• Analyse future consequences of liberalisation of energy markets for the 
producers, consumers and the Polish economy and society as a whole; 

• Present the possibilities and prepare a practical guide for using EU funds 
and community programmes for large infrastructure projects in the energy 
sector.  

An Inception Report presenting the project objectives and the main approach 
was submitted and approved by the project Steering Committee in March 2004. 
A progress report presenting and evaluating the project development during the 
period March - June 2004 was published in July 2004. The final results were 
presented at a seminar in Warsaw on 25. November 2004.  
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2 Methodology and assumptions 

2.1 Methodology and model 
The power sector analyses are carried out by use of the Balmorel model 
(www.balmorel.com). This is an economic/technical partial equilibrium model, 
which simulates the power and heat markets. The analyses are carried out for a 
20-year period, i.e. from 2005-2024. For simulations, the Balmorel model 
among others uses the following input: 

• Heat and electricity demand; 

• Technical and economic characteristics of production units, e.g. capacities, 
fuel efficiencies, O&M costs, fuel prices and emission coefficients; 

• Environmental taxes and quotas; 

• Investment costs for new production units. 

As output, the model comes up with electricity and heat production patterns on 
a total cost minimising basis. The model also comes up with estimates on future 
electricity and heat prices assuming liberalised and competitive markets. Based 
on that, the economic consequences for the power producers, the consumers 
and the whole society can be evaluated depending on the analysed market situa-
tion. 

Apart from the production patterns and the economic consequences, the model 
also comes up with among others the development in emissions of CO2, SO2 
and NOx. 

2.2 Main assumptions 
The main assumptions have been set up in close co-operation with the involved 
parties in the project. In this section, some of the main assumptions are high-
lighted focussing on: 

• Installed capacities 

• Fuel prices 
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• Electricity demand 

• Import/export 

• Quotas on SO2 and NOx.  

For a more detailed presentation of data and assumptions, please see Appendix 
1. 

2.2.1 Installed capacities 
The Polish power system is mainly based on thermal power plants fuelled by 
lignite and hard coal and hydro power facilities. The installed power and heat 
capacities are presented in Table 1 below. 

Table 1:  Installed power and heat capacities as well as average data for power 
stations in Poland 

  

Power 
Capacity 

[MW] 

Heat  
Capacity 

[MW] 

Fuel  
efficiency 
(Average) 

Variable 
O&M* costs 
[PLN/MWh] 
(Average) 

Fixed costs  
[KPLN/MWh  

pr. year]  
(Average) 

Hard Coal - Condensing 11212 0 0.35 5.6 245.6 
Hard Coal - CHP 5151 19662 0.80 11.3 228.0 
Lignite - Condensing 8870 0 0.35 6.4 225.7 
Lignite - CHP 227 477 0.63 20.3 256.4 
Autoproducers/ 
Distributed Generators 2180 9800 0.80 12.8 217 
Hydro 616 - - 0.0 118.0 
Wind 119 - - 0.0 44.0 
Biomass/biogas CHP 20.2 93 0,85 12,5 492.0 
Gas - condensing 492 1487 0.82 3.9 101.6 
Pump/storage ~1350 - -   
Total 28887 31519 - - - 
* O&M: Operation and maintenance 

It appears from the table that the total installed net power capacity is approxi-
mately 29,000 MW. When comparing this with the net peak load capacity, 
which is ~20,000 MW (Gross ~ 23,000 MW), it appears that there is some ex-
cess capacity in the system. 

In the model, the power plants have been divided into different aggregated 
groups based on their technical, economic and environmental characteristics. 
For instance, the public thermal power plants have been divided into approxi-
mately 30 groups. Data and description for each aggregated group can be found 
in Appendix 1 - Table 9 and Table 10.  

2.2.2 Fuel prices 
The most important fuels in the Polish power sector today are coal and lignite. 
The share of natural gas is presently small. 
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The average fuel prices used for the analyses have been provided by the Tech-
nical Academy of Science in Krakow and are presented in Figure 1. The price 
of coal is app. 30% higher than the price of lignite due to higher transportation 
costs. 

Figure 1:  Fuel price prognoses used for the analyses, PLN/GJ 
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Source: Technical Academy of Science in Krakow 

2.2.3 Electricity demand 
PSE has provided a number of "development data" for the project, among oth-
ers electricity demand prognoses. Figure 2 shows three different forecasts pro-
vided by PSE. 
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Figure 2:  Electricity demand forecasts - gross consumption, GWh 
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Source: PSE 

For the Baseline situation of this project, the PSE electricity demand scenario 
"Integration scenario" has been used, assuming a stable increase with a GDP 
growth corresponding to the average level of GDP in the European Union. 

2.2.4 Import/export 
Based on information from PSE, an export balance of 6.7 TWh from Poland to 
neighbouring countries has been assumed for the Baseline situation. The 
monthly variation appears from Appendix 1. 

2.2.5 Quotas on SO2 and NOx  
One major issue in the Polish power sector is the limits for SO2 and NOx emis-
sions. The SO2 and NOx limits are based on the Large Combustion Plant Direc-
tive and the Accession Treaty. In the technical, economic and environmental 
data set up by Energoprojekt, this has been taken into consideration. Further-
more, in the model calculations, which cover the total power and district heat-
ing sector, the SO2 and NOx limits from the Accession Treaty have been ap-
plied as a constraint. The limits used for the heat and power sector are pre-
sented in Table 2 below: 

Table 2:  SO2 and NOx Accession Treaty Limit [1,000 ton] 

 2008-2010 2010-2012 2012- 

SO2 454 426 358 

NOX  254 251 239 
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3 Baseline situation 
To illustrate the consequences of different future development options, a range 
of quantitative analyses has been carried out. The scenarios are discrete, i.e. are 
only compared to the baseline situation. This chapter presents the main assump-
tions and results of the baseline situation. The following chapter presents alter-
native situations analysed. The baseline situation was analysed with the follow-
ing main assumptions: 

• Fuel prices and data for power plants as presented in previous chapter; 

• Electricity demand corresponding to “Integration scenario” (medium sce-
nario); 

• Well functioning Polish electricity market with full competition between 
power producers; 

• Annual fixed export of 6,7 TWh to neighbouring countries; 

• National Emission Reduction Plan (NERP) + Transition periods + Limits 
of Accession Treaty; 

• Moderate development in generation from RE sources (PSE moderate sce-
nario); 

• No price/tax on CO2; 

• Existing power plants closed/refurbished according to different types of 
derogation (SO2, NOx and natural); 

• Already planned/decided new units included as "exogenous" variables in 
the model (forced into the model); 

In the following sections, the results from the baseline situation are presented, 
focussing on: 

• Production patterns; 

• New investments; 

• Electricity prices and economic consequences for power producers; 
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• Future emissions of CO2, SO2 and NOx; 

• Earnings for existing power producers. 

3.1.1 Production patterns 
The following figure illustrates the simulated development in different types of 
production technologies:  

Figure 3:  Future electricity generation pattern - Baseline situation 
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Figure 3 shows that the share of CHP in the baseline situation scenario will in-
crease. Until year 2014, CHP will increase to meet the growth in demand, and 
the number of condensing units will slightly decrease. After year 2014, both the 
number of condensing units and CHP will increase to meet the demand.    

3.1.2 Fuel consumption 
Choice of fuel at power plant is an important issue. The fuel has among others 
influence on the environmental situation, the security of supply, the type of 
technology. The following figure shows the development in fuel consumption 
simulated by the Balmorel model: 
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Figure 4:  Fuel consumption - Baseline situation 
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As appears in the figure above, especially the use of natural gas will increase in 
the baseline situation. In the beginning of the period, the use of coal will de-
crease, but at later stages it will increase again.  

3.1.3 New investments 
In this section, the amount and type of new investments are presented for the 
baseline situation. Some new investments have been forced into the model be-
cause they have already been planned and decided for commissioning. These 
investments are among the data provided by Energoprojekt and categorised as 
"exogenous" investments. Other investments come up as a result of the model 
simulation because there is a need for additional new capacity - either because 
of an increase in electricity demand or due to increased environmental restric-
tions. These investments are categorised "endogenous" investments. 
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Figure 5:  Electricity generation from new technologies illustrated by type of fuel 
used for new technology - Baseline situation 
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The figure above illustrates that existing power plants in Poland will generate 
more than half of the electricity at all time of the planning period. In the begin-
ning of the period, the model chose to invest in new gas fired units, but at later 
stages the development in new coal units is larger.   

3.1.4 Electricity prices and economic consequences for power 
producers 

The model also estimates the development in the market price of electricity, 
assuming a well functioning and liberalised electricity market with full compe-
tition between power producers. 

The market price is defined as the marginal generation cost in the power sys-
tem. If there is an excess capacity, the marginal electricity generation cost will 
equal the variable generation costs at the marginal generation power station, i.e. 
the power station among the operating units with highest marginal costs. In this 
situation, only variable generation costs will be covered for the marginal power 
station. In such a situation, the marginal power station will not have a contribu-
tion margin to cover fixed costs and capital costs, but all operating power sta-
tions with lower marginal costs will have a contribution margin. 

In a situation with lack of capacity, the generation of one additional amount of 
electricity will require the establishment of some additional capacity with some 
additional investment costs and some additional fixed costs. In that situation, 
the marginal electricity generation costs in the system will be higher. This is the 
reason why the market price or the "equilibrium price" in the short run may be 
relatively low, but in a longer run will increase to the "long-run cost" corre-
sponding to the generation costs at new production facilities, including fixed 
costs and capital costs. 
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Figure 6 below shows the two different situations, i.e. one situation with an ex-
cess capacity in the system, and one situation with a shortage of capacity. 

Figure 6:  Example of supply curve and equilibrium prices 
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The blue line is the power producer's supply curve. The left red line illustrates 
the capacity of the unit or type of units with lowest marginal electricity genera-
tion costs, and the right red line illustrates the total installed capacity at existing 
units in the system. If the electricity demand is Dlow, which is lower than the 
installed capacity, the market price will equal Plow, corresponding to the mar-
ginal generation costs of the marginal unit or type of units in the system. If the 
electricity demand is Dhigh, which is higher than the installed capacity, it is nec-
essary to increase the capacity in the system by establishing new production 
units, and the market price will equal the marginal generation costs Phigh at a 
new unit, including capital costs and fixed costs.  

The following figure (Figure 7) shows the estimated development in annual 
average market prices of electricity in the baseline situation. 

S:\BIB\Hanne\NEI-DK-4410.DOC .  



Poland - Electricity and gas market development study and practical guidelines for using EU Funds 13 / 55 

Figure 7:  Development in market price on electricity assuming full competition 
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It appears that the electricity price increases dramatically in 2008. This is re-
lated to the introduction of SO2 and NOx limitations from year 2008, which re-
quire new capacity in the system with lower emissions and higher costs.  

It also appears that the electricity price will increase slightly from 2008 to 
2024. This is mainly caused by the closure of some existing power plants to-
gether with an increase in the electricity demand. This implies a strengthened 
capacity balance and thus a need for new investments in the power system, 
meaning that the equilibrium price will increase to the long-run marginal costs 
covering also fixed costs and investment costs. Furthermore, the increase in gas 
price and the increased SO2 and NOx restrictions contribute to the increase in 
the electricity price during the period. 

Based on the electricity generation patterns and the prices of electricity and 
heat, the economic consequences for the different power producers can be cal-
culated. Table 3 and Table 4 below show the annual earnings for existing units 
in 2005 and 2020 for the baseline situation. 
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Table 3:  Earnings at existing units in 2005 assuming full competition - Baseline 
situation 

2005   Coal
Con 

Coal 
CHP 

Lignite 
Con 

Lignite  
CHP 

Auto 
CHP 

Hydro

Production               
- electricity GWh 38,745 21,152 65,906 1,176 6,858 3,208
- heat GWh - 44,922 0 632 31,602 - 

Average 
price 

              

- electricity PLN/MWh 84.6 82.3 83.1 82.2 82.2 82.9 
- heat PLN/MWh - 31.0 - 35.4 48.1 - 
Income   3,279 3,132 5,478 119 2,084 266 
- electricity mill. PLN 3,279 1,740 5,478 97 564 266 
- heat mill. PLN 0 1,392 0 22 1,520 - 
Production 
costs 

  3,202 2,702 4,391 108 1,949 0 

- fuel mill. PLN 3,023 2,439 3,913 84 1,462 0 
- O&M mill. PLN 178 263 478 25 487 5 
- taxes mill, PLN 0 0 0 0 0 0 
Contribution 
margin 

mill. PLN 78 430 1,088 11 135 261 

Fixed costs mill. PLN 3,234 1,063 1,966 58 410 123 
Earnings mill. PLN -3,156 -633 -879 -47 -275 138 

Table 4:  Earnings at existing and already planned (exogenous) units in 2020 
assuming full competition - Baseline situation 

2020   Coal
Con 

Coal 
CHP 

Lignite 
Con 

Lignite  
CHP 

Auto 
CHP 

Hydro

Production               
- electricity GWh 30,498 8,087 51,743 1,657 2,629 4,067
- heat GWh - 14,701 0 627 12,114 0 
Average 
price 

              

- electricity PLN/MWh 189.3 179.3 180.3 179.3 173.9 178.5
- heat PLN/MWh - 57.7 - 58.1 123.7 - 
Income   5,774 2,298 9,331 334 1,956 726 
- electricity mill. PLN 5,774 1,450 9,331 297 457 726 
- heat mill. PLN 0 848 0 36 1,498 0 
Production 
costs 

  2,350 881 3,374 142 823 5 

- fuel mill. PLN 2,179 787 3,001 107 640 0 
- O&M mill. PLN 171 95 372 34 184 5 
- taxes mill, PLN 0 0 0 0 0 0 
Contribution 
margin 

mill. PLN 3,424 1,417 5,957 192 1,133 720 

Fixed costs mill. PLN 2,393 627 1,639 58 628 161 
Earnings mill. PLN 1,031 790 4,318 134 505 560 
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The tables show the electricity and heat generation at different types of produc-
tion units, as well as the average market prices of electricity and heat to which 
electricity and heat are sold. The reason why the average electricity price can 
differ from one type of unit to another is that the types of units have different 
number of full load hours per year. A base load unit which operates many hours 
per year will receive a lower average price than a peak load unit that only oper-
ates in peak load hours when the market price on electricity is high. However, 
the differences in prices between the types of production units are relatively 
small. 

Based on the income from sale of electricity and heat and based on the produc-
tion costs, the contribution margin and the annual earnings are calculated for 
chosen types of production units. 

From Table 3 it appears that all power types of production units except from 
hydro power facilities have negative earnings in 2005. This is due to a low 
simulated market price of electricity caused by an excess capacity in the sys-
tem. 

In 2020, the earnings will have increased considerably for all power stations, 
this is because of the increase in electricity price. As it appears in Table 4, the 
earnings are positive at all power types of production in year 2020.  

3.1.5 Future emissions of CO2, SO2 and NOx  
There is no tax or limits on CO2 emissions in the baseline situation. This re-
flects the current situation. Figure 8 shows the development in CO2 emissions 
in the baseline situation.  
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Figure 8:  Development in CO2 emission - baseline situation 
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The CO2 emission decreases considerably in 2008 when limits on SO2 and NOx 
are introduced and some electricity production is shifted from existing produc-
tion units to new and cleaner production units. 

From 2008 to 2015, the CO2 emission is rather stable. After 2015, the CO2 
emission will increase. This increase can mainly be explained by the increase in 
the electricity demand.  

One major issue in the Polish power sector is the limits for SO2 and NOx emis-
sions. The SO2 and NOx limits are based on the Large Combustion Plant Direc-
tive and the Accession Treaty. The Accession Treaty limits have been applied 
for the heat and power sector in the baseline situation and results in a consider-
able change of power supply. 

The figure below illustrates the development in SO2 emissions in the baseline 
situation. 
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Figure 9:  Development in SO2 emission 
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Figure 9 shows that the SO2 emissions will decrease very much in year 2008. 
This is because of the restrictions made on the emission by year 2008. As de-
scribed in Section 2.2.5, the maximum emission of SO2 in year 2008 amounts to 
454,000 ton/year. Later in the planning period, the limits will decrease even 
more and will from 2008 to 2012 decrease to a limit if 358,000 ton/year. 

Figure 10:  Development in NOx emission 
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The development in NOx emission is rather similar to the development in SO2 
emission. The NOx limit amounts to 254,000 ton/year in 2008, decreasing to 
239,000 ton/year in year 2012. However, it should be mentioned that the emis-
sion of NOx is rather stable after year 2012. 
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4 Alternative situations 
A range of alternative analyses has been carried out to illustrate different devel-
opment situations. Each alternative situation is compared to the baseline situa-
tion. Scenarios analysed are listed below: 

• High CO2 price - a price of 15 Euro/ton CO2 is introduced; 

• No restrictions on SO2 and NOX; 

• High DE - High demand of electricity (PSE Adaptation scenario and in-
creased export balance to 10 TWh export);  

• High RE - High development in renewable energy. 

The following sections will describe in more detail the alternative situations 
and make a comparison with the baseline situation for the most relevant outputs 
of the individual situation.  

4.1 High CO2 price 
The analyses have been carried for an alternative situation with respect to CO2. 
In the baseline situation, there is no price on CO2, and in this alternative situa-
tion, an international price of CO2 of 15 EUR/ton is assumed.  

The latter situation corresponds to a situation in which there is an international 
market for trading CO2 emission permits. The price of CO2 quotas on such a 
market is of course quite uncertain but is expected to be within a range between 
5 and 25 EUR/ton. It is assumed that such a market will overrule any national 
quotas or limits on CO2 emission. If a power producer or a country wishes to 
emit more CO2, it has to buy quotas from another power producer or country, 
who is then obliged to emit a lower amount of CO2. By introducing such a mar-
ket for trading CO2 emission permits, the reductions of CO2 will take place 
where it is cheapest, which is just the whole idea for such a market.  

4.1.1 Production patterns 
The following figures illustrate the baseline situation (left set of figures) com-
pared to a situation with a CO2 price of 15 EUR/ton (right set of figures): 
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Figure 11:   Electricity generation pattern divided on types of technologies - baseline and high CO2 price 
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Figure 12:  Electricity generation pattern divided on new and old technologies - baseline and high CO2 price 
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Figure 13:  Fuel consumption - baseline and high CO2 price 
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The production patterns in Figure 11 illustrates that the share of CHP is higher 
when introducing a price of CO2. The share of CHP will increase substantially 
in the beginning of the period. This is especially caused by the emission restric-
tions to be fulfilled in year 2008. After 2008, both the number of condensing 
units and CHP units will increase.  

Figure 12 illustrates that from year 2005-2008, the model chooses to invest in a 
considerable number of new units. However, it should be noticed that the in-
vestments are larger in the scenario with a high CO2 price. In the baseline situa-
tion, a number of different technologies are introduced, and the fuel supply is 
therefore divided on several different fuels. In the situation with a price of CO2 
of 15 EUR/ton, the new units are mainly based on natural gas.   

The fuel consumption in Figure 13 illustrates that the share of natural gas in-
creases. However, in the situation with a CO2 price of 15 EUR/ton, the share of 
gas is highest. It also appears that in the situation with a CO2 price of 15 
EUR/ton, the total fuel consumption is lower than in the situation without a 
price of CO2. This is related to the higher share of CHP generation with high 
overall fuel efficiency. 

4.1.2 Electricity prices - High CO2 price 
Based on the development illustrated above, the model calculates the market 
price of electricity and the emissions. The market price of electricity is defined 
as the marginal generation cost in the power system. The following figure illus-
trates a comparison of the market price of electricity in the baseline situation 
and the situation with a CO2 price of 15 EUR/ton: 
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Figure 14: Development in market price on electricity assuming full competition - 
baseline and high CO2 price situations 
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In Figure 14 it appears that the electricity price increases dramatically in 2008. 
This is related to the introduction of SO2 and NOx limitations from year 2008, 
which requires new capacity in the system with lower emissions and higher 
costs.  

It also appears that the electricity price will increase slightly from 2008 to 
2024. This is mainly caused by the closure of some existing power plants to-
gether with an increase in the electricity demand. This implies a strengthened 
capacity balance and thus a need for new investments in the power system, 
meaning that the equilibrium price will increase to the long-run marginal costs 
covering also fixed costs and investment costs. Furthermore, the increase in gas 
price and the increased SO2 and NOx restrictions contribute to the increase in 
the electricity price during the period. 

Finally, it appears that in the baseline situation, the electricity price is at any 
time lower than in the situation with high CO2 costs.  

4.1.3 Earnings - High CO2 price 
Based on the electricity generation patterns and the prices of electricity and 
heat, the economic consequences for the different power producers can be cal-
culated. Table 5 and Table 6 below show the earnings in 2005 and 2020, re-
spectively, assuming a price of CO2 of 15 EUR/ton.  
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Table 5:  Earnings at existing units in 2005 assuming full competition - High CO2 
price situation 

2005   Coal 
Con 

Coal 
CHP 

Lignite 
Con 

Lignite  
CHP 

Auto 
CHP 

Hydro

Production               

- electricity GWh 31,721 21,151 60,289 1,729 7,958 3,208
- heat GWh - 44,874 - 632 36,673 0 
Average price               
- electricity PLN/MWh 151.5 149.2 150.0 149.8 149.3 149.6

- heat PLN/MWh - 50.8 - 48.6 71.4 - 

Income   4,805 5,436   290 3,807 480 
- electricity mill. PLN 4,805 3,155 9,042 259 1,188 480 
- heat mill. PLN - 2,282 - 31 2,619 - 
Production 
costs 

  4,736 4,751 8,438 260 3,485 5 

- fuel mill. PLN 2,461 2,438 3,551 122 1,866 0 
- O&M mill. PLN 150 263 446 36 566 5 
- taxes mill, PLN 2,126 2,051 4,441 103 1,052 0 
Contribution 
margin 

mill. PLN 68 685 605 30 322 475 

Fixed costs mill. PLN 3,234 1,063 1,841 58 410 123 
Earnings mill. PLN -3,165 -378 -1,237 -29 -88 352 

 

Table 6:  Earnings at existing units in 2020 assuming full competition - High CO2 
price scenario 

2020   Coal
Con 

Coal 
CHP 

Lignite 
Con 

Lignite  
CHP 

Auto 
CHP 

Hydro

Production               
- electricity GWh 6,918 30,730 49,101 1,670 2,668 4,067
- heat GWh - 21,491 - 627 12,295 - 
Average price               
- electricity PLN/MWh 201.2 200.9 198.6 196.9 192.7 196.2

- heat PLN/MWh - 61.0 - 59.2 96.2 - 

Income   1,392 7,485 9,752 366 1,697 798 
- electricity mill. PLN 1,392 6,173 9,752 329 514 798 
- heat mill. PLN - 1,312 - 37 1,182 - 
Production costs   962 5,129 6,705 242 1,106 6 
- fuel mill. PLN 452 2,557 2,840 108 652 - 
- O&M mill. PLN 52 230 354 35 187 6 
- taxes mill, PLN 457 2,342 3,512 99 268 0 
Contribution mar-
gin 

mill. PLN 431 2,356 3,046 124 590 793 

Fixed costs mill. PLN 475 2,544 1,639 58 628 161 
Earnings mill. PLN -45 -188 1,408 66 -38 633 
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In year 2005, the electricity generation pattern does not change considerably 
when a high price of CO2 is introduced. However, it should be mentioned that 
hydro power (with no CO2 emissions), increases the earnings substantially 
when a price of CO2 is introduced. This is because they benefit from a higher 
market price on electricity without having any extra CO2 costs. All power sta-
tions, except hydro, have negative earnings, which is the same picture as in the 
situation without a price of CO2.  

Compared to the baseline situation, the production pattern will change consid-
erably in year 2020. The generation at existing power stations will be replaced 
by generation at new units, and the earnings at existing power stations will de-
crease.  

The details on earnings for each aggregated group in the model can be found in 
Appendix 2.  

4.1.4 Emissions - High CO2 price 
The following figures compare the development in emission of the baseline 
situation and the situation with a high CO2 price.  

Figure 15: Development in CO2 emission 
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In both scenarios, the CO2 emission will decrease considerably in 2008 when 
limits on SO2 and NOx are introduced and some electricity production is shifted 
from existing production units to new and cleaner production units. 

From 2008 to 2015, the CO2 emission is rather stable in both scenarios. After 
2015, the CO2 emission will increase in the situation without a price of CO2. 
This increase can mainly be explained by the increase in the electricity demand. 
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In the situation assuming a price of CO2 of 15 EUR/ton, the increase in electric-
ity demand is compensated by continued investments in new units based on 
natural gas. 

The figure below illustrates the development in SO2 emissions in the two ana-
lysed scenarios. 

Figure 16: Development in SO2 emission 
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Figure 16 shows that the SO2 emissions will decrease very much in year 2008. 
This is because of the restrictions made on the emission by year 2008. As de-
scribed in Section 2.2.5, the maximum emission of SO2 in year 2008 amounts to 
454,000 ton/year. Later in the planning period, the limits will decrease even 
more and will from 2008 to 2012 decrease to a limit if 358,000 ton/year. The 
model will at anytime choose to produce at almost maximum allowances for 
SO2 emissions. 
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Figure 17:  Development in NOx emission 
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The development in NOx emission is rather similar to the development in SO2 
emission. The NOx limit amounts to 254,000 ton/year in 2008, decreasing to 
239,000 ton/year in year 2012. However, it should be mentioned that the emis-
sion of NOx is rather stable after year 2012. The model will at anytime choose 
to produce at maximum allowances for SO2 emissions. 
 

4.2 No restrictions on SO2 and NOX 
As a new member of the EU, Poland is also going to fulfil environmental re-
strictions made by EU. Therefore the environmental restrictions have been 
adapted to the baseline situation, but in this alternative scenario, all restrictions 
have been omitted. The two scenarios are compared to illustrate the conse-
quences of introducing environmental restrictions in the polish power sector.  

4.2.1 Production patterns 
The following figures illustrate the baseline situation (left set of figures) com-
pared to a situation with no environmental restrictions "No Env res" (Right set 
of figures): 
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Figure 18:   Electricity generation pattern divided on types of technologies - baseline and No Env res. 
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Figure 19:  Electricity generation pattern divided on new and old technologies - baseline and No Env res. 
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Figure 20:  Fuel consumption - baseline and no environmental restrictions 
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The production patterns in Figure 18 illustrate that the share of CHP is much 
lower than in the baseline situation when the environmental restrictions are 
omitted. The share of CHP will remain rather stable, but increase slightly at the 
end of the period.  

Figure 19 illustrates that it is hardly necessary to invest in new capacity. Until 
year 2020 the only new units are the ones forced into the model (exogenous), in 
this case lignite units and wind power. After year 2020, the model chose to in-
vest in even more new lignite units and some units based on natural gas.  

The fuel consumption in Figure 20 illustrates that mainly the share of lignite 
and coal will increase. However, the share of natural gas will also increase. It 
also appears that in the situation without environmental restrictions, the total 
fuel consumption is higher than in the baseline situation. One of the reasons for 
this is the larger share of old units that generate electricity in a less efficient 
way than new units.  

4.2.2 Electricity prices - No environmental restrictions 
Based on the development illustrated above, the model calculates the electricity 
prices and the emissions. The following figure illustrates a comparison of the 
electricity prices of the baseline situation and the situation without environ-
mental restrictions: 

Figure 21: Development in market price of electricity assuming full competition - 
baseline and no environmental restrictions 
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As illustrated in Figure 21, the development in the electricity price is heavily 
influenced by the environmental restrictions on SO2 and NOx. New investments 
are not introduced until the end of the planning period, and therefore the elec-
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tricity prices remain rather stable until year 2017 when new investments are 
introduced to the market.  

4.2.3 Earnings - No environmental restrictions 
Based on the electricity generation patterns and the prices of electricity and 
heat, the economic consequences for the different power producers can be cal-
culated. The table below shows the earnings in 2020, assuming no environ-
mental restrictions. The earnings are not illustrated for 2005 because the situa-
tion is the same as the baseline situation in 2005 (environmental restrictions are 
introduced by 2008).  

Table 7:  Earnings at existing units in 2020 assuming full competition - no envi-
ronmental restrictions scenario 

2020   Coal
Con 

Coal 
CHP 

Lignite 
Con 

Lignite  
CHP 

Auto CHP/ 
Distributed-
generators 

Hydro

Production               

- electricity GWh 59,893 14,543 60,068 1,396 10,609 4,067
- heat GWh - 28,136 - 613 48,892 0 

Average 
price 

              

- electricity PLN/MWh 162.1 167.4 139.9 153.9 173.3 145.9

- heat PLN/MWh - 34.9 - 32.5 37.5 - 

Income   9,707 3,418 8,402 235 3,674 594 
- electricity mill. PLN 9,707 2,435 8,402 215 1,839 594 
- heat mill. PLN - 983 - 20 1,835 - 
Production 
costs 

  4,628 1,698 3,966 120 3,630 7 

- fuel mill. PLN 4,336 1,522 3,541 91 2,872 0 
- O&M mill. PLN 293 177 425 29 758 7 
- taxes mill, PLN 0 0 0 0 0 0 
Contribution 
margin 

mill. PLN 5,079 1,720 4,436 115 44 587 

Fixed costs mill. PLN 3,107 627 1,734 58 936 161 
Earnings mill. PLN 1,972 1,093 2,702 57 -892 426 

 

Compared to the baseline situation, the production pattern will change consid-
erably in year 2020. The generation at existing power stations is larger in this 
alternative situation without environmental restrictions. Therefore, the earnings 
will increase at most existing power stations if compared to baseline situation.  

4.2.4 Emissions - No environmental restrictions 
The following figures compare the development in emission of the baseline 
situation and the situation with no environmental restrictions.  
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Figure 22: Development in CO2 emission - baseline and no environmental restric-
tions 
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Without any environmental restrictions on SO2 and NOx, the development in 
CO2 emissions will increase in the entire analysed period. The figure above il-
lustrates that the development in CO2 emissions is very dependent on the SO2 
and NOx restrictions.  

The largest difference in development is from year 2008-2012. After 2012, the 
development is rather parallel, but still with a large difference in the amount of 
CO2 emitted.  

The figure below illustrates the development in SO2 emissions in the two ana-
lysed situations. 
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Figure 23: Development in SO2 emission - baseline and no environmental restric-
tions 
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Figure 23 shows that the amount of SO2 will decrease in both situations, but the 
amount of SO2 emitted is very different. In the situation without any environ-
mental restrictions, the SO2 emission will decrease due to the natural develop-
ment in existing and new technology. In the baseline situation, the development 
in emission will follow the development in restrictions.  

Figure 24:  Development in NOx emission - baseline and no environmental restric-
tions 
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The NOx emissions increase most of the time (2008-2018) in case of no envi-
ronmental restrictions. This is because the existing technologies are not opti-
mised with respect to NOx emissions, and the emissions will therefore follow 

S:\BIB\Hanne\NEI-DK-4410.DOC .  



Poland - Electricity and gas market development study and practical guidelines for using EU Funds 31 / 55 

the increase in demand of electricity. After 2018, new technologies are intro-
duced, and the development becomes rather stable.  

4.3 High DE - High demand of electricity and 
increased export 

To analyse the sensitivity of development in electricity demand, an alternative 
situation with respect to demand of electricity and export has been analysed. 
The alternative situation is based on the following new assumptions:  

• PSE - Adaptation scenario (High Demand Scenario); 

• 10 TWh export. 

In the High Demand Scenario, exported electricity has also been assumed at a 
higher level to increase the demand even more. The export of electricity has 
been assumed to be 6.7 TWh in the Baseline situation, but increase to 10 TWh 
in this alternative scenario. The monthly variation appears from Appendix 1. 

4.3.1 Production patterns 
The following figures illustrate the baseline situation (left set of figures) com-
pared to a situation with high electricity demand "High DE" (Right set of fig-
ures): 

S:\BIB\Hanne\NEI-DK-4410.DOC .  



Poland - Electricity and gas market development study and practical guidelines for using EU Funds 32 / 55 

Figure 25:   Electricity generation pattern divided on types of technologies - baseline and High DE 
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Figure 26:  Electricity generation pattern divided on new and old technologies - baseline and High DE 
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Figure 27:  Fuel consumption - baseline and High DE 
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A comparison of the production patterns in Figure 25 illustrates that a moderate 
increase in demand and export of electricity does not change the development 
considerably.  

Figure 26 illustrates that most of the increased production will take place at ex-
isting units, but again, the difference in development is insignificant.  

The picture is the same for the consumption in Figure 27. There is very little 
difference in the two situations.  

4.3.2 Electricity prices - High electricity demand 
The following figure illustrates a comparison of the development in electricity 
prices of the baseline situation and the situation with high electricity demand 
and an increased export:  

Figure 28: Development in market price on electricity assuming full competition - 
baseline and High DE 

0

20

40

60

80

100

120

140

160

180

200

2005 2007 2009 2011 2013 2015 2017 2019 2021 2023

P
LN

/M
W

h

Basecase High demand & export

 

The prices will be slightly higher in case of an increased demand. This is be-
cause the increased production will be generated on old units at higher average 
costs.  

4.3.3 Emissions - High electricity demand 
The following figure compares the development in CO2 emission of the base-
line situation and the situation with a high demand of electricity.  
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Figure 29: Development in CO2 emission - baseline and High DE 
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CO2 emissions will be slightly higher at all times in case of an increased de-
mand. This is due to the increased production generated at the same types of 
technology (existing units).  

The largest difference in development is from year 2008-2012. After 2012, the 
development is rather parallel.  

The figures for the development in SO2 and NOx emissions are exactly the 
same as in the base case and therefore not illustrated in this section. The devel-
opment of SO2 and NOx emissions strictly follows the restrictions set up.  

4.4 High RE - High development in renewable energy 
The development in renewable energy based on hydro and wind is forced into 
the model. The expected development has been analysed by PSE, and the alter-
native situation is based on: 

• PSE - Maximum Scenario (High RE scenario). 

4.4.1 Production patterns 
The following figures illustrate the baseline situation (left set of figures) com-
pared to a situation with high development in renewable energy "High RE" 
(right set of figures): 
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Figure 30:   Electricity generation pattern divided on types of technologies - baseline and High RE 
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Figure 31:  Electricity generation pattern divided on new and old technologies - baseline and High RE 
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Figure 32:  Fuel consumption - baseline and High RE 
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The production patterns in Figure 30 illustrates that the larger share of wind and 
hydro power does not have a great influence on the development. Figure 31 
shows that the amount of new wind and hydro power power will increase as 
defined.  

A careful study of the development in generation (not from the figures above) 
shows that the total generation from renewable energy is rather equal in the two 
situations. This is partly illustrated in the table below: 

Figure 33:  "Fuel consumption" at renewable energy units - baseline and High RE 
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The fuel consumptions at renewable energy units shown above do not give an 
exact picture of the electricity generation due to difference in efficiency. But, 
the figures illustrate the relation between sources of renewable energy. In the 
baseline situation (left set of figures), straw is the major source of renewable 
energy. This is because the model chooses to produce a considerable amount of 
electricity at a CHP fuelled by straw to fulfil the environmental restrictions in 
the most economic way. Studies of the output data show that in the RE situation 
the optimum share of RE is still the same as in the baseline situation. Therefore, 
the fuel consumption from RE is almost the same in both situations (see the 
figure above). But it is no longer necessary to produce electricity at straw CHP 
because new wind and hydro power is forced into the model and replaces straw. 

The conclusion is that the share of renewable energy is rather similar even 
though additional wind and hydro power is forced into the model. Wind and 
hydro just replace straw fuelled CHP.  

4.4.2 Electricity prices and emission - High RE situation 
The development in market prices of electricity is almost the same as in the 
baseline situation and therefore not found relevant to illustrate.  

The development in emissions reflects that the share of renewable energy al-
most is the same in the two situations. Regarding SO2 and NOx emissions, the 
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figures are exactly the same as in the baseline situation. The CO2 development 
is slightly different and illustrated in the table below: 

Figure 34: Development in CO2 emission - baseline and High RE 
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CO2 emissions also indicate that the share of RE does not change even though 
forcing more hydro and wind into the model.  
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5 Welfare-economic analyses 
A welfare-economic analysis is an integrated part of the comparison of differ-
ent scenarios or situations. It is important when evaluating the total economic 
consequences of alternative future market situations. 

The welfare-economic analysis calculates the economic consequences for dif-
ferent economic groups: 

• Power producers 

• Consumers 

• The State. 

The total welfare-economic consequences of an alternative scenario or situation 
compared to the "baseline situation" are the sum of consequences for each of 
the three groups. The consequences each year in the analysis period from 2005 
to 2024 are discounted till the first year, assuming a discount rate of 6% p.a. 

It should be stated that the welfare-economic analyses illustrate the strictly eco-
nomic consequences of different initiatives in the sector. They do not include 
any social consequences or other secondary consequences that could for in-
stance be related to a situation with a major reduction in the use of indigenous 
fuels such as lignite. 

5.1 Welfare-economic consequences 
In the following, the welfare-economic consequences of alternative situations 
are compared to the baseline situation. The alternatives situations are: 

• High CO2 price - a price of 15 Euro/ton CO2 is introduced; 

• No environmental restrictions; 

• High DE - High demand of electricity (PSE Adaptation scenario and in-
creased export to 10 TWh). 
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Table 8:  Welfare-economic consequences (million PLN)

 Increased State 
income from sale 
of CO2 emission 
permits 

Increased profit 
to power pro-
ducers 

Increased con-
sumer welfare 

Total welfare 
economic con-
sequences 

High CO2 price 130,000 -79,000 -55,000 -4,000 

No env. restric-
tions 0 -125,000 143,000 19,000 

High DE 0 10,469 -8,608 1,861 

 

It appears from the table above that the power producers as well as the consum-
ers will loose from a price on CO2. The consumers will loose because the intro-
duction of a price on CO2 will lead to higher electricity prices. The power pro-
ducers will loose as well because the increase in electricity price will not fully 
compensate for the additional CO2 costs. Only the hydro power facilities will 
benefit from a price of CO2 (not specified in the table above) because they will 
benefit from a higher market price of electricity without having additional CO2 
costs. 

In the table above, it is assumed that the power producers buy CO2 emission 
quotas from the State, and this will lead to an increased State income. However, 
if the quotas are given/allocated to the power producers as a starting point, 
which might be the situation, the increase in the State income will disappear, 
and the profit for power producers will become positive.  

From a country point of view, it appears that there is a welfare economic loss of 
4,000 million PLN of introducing a price of CO2 of 15 EUR/ton. This is related 
to the shift of production to technologies with lower CO2 emissions, but higher 
costs. 

In the situation without environmental restrictions, the power producers will 
loose profit. This is because there will be an excess capacity in the system for 
most of the planning period. The consumers will gain due to the low electricity 
prices, and as a total the country will gain because of limited needs for new in-
vestments. In other words, the consumers gain more than the power producers 
loose. The conclusion of this is that the environmental requirements as inte-
grated in the baseline situations is a welfare economic cost for Poland.  

In the situation with a higher demand of electricity, even more capacity is 
needed, and the electricity prices become higher. The power producers there-
fore gain from this situation, but the consumers loose due to the higher electric-
ity prices. From a country point of view, there is a small benefit when introduc-
ing a higher electricity demand. This is mainly because the higher demand 
makes the period with an excess capacity in the system shorter than in the base-
line situation.  

In the situation with a high development in the capacity of hydro and wind, the 
model does not include the capital costs of forcing hydro and wind power into 
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the system. Therefore the welfare economic consequences can not be calcu-
lated.  
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6 Conclusions 
The electricity sector analyses have been carried out by use of the Balmorel 
model and based on data input set up with assistance from different Polish ex-
perts. In the present report, the results from the analyses have been presented 
focussing on:  

• Future production patterns; 

• New investments; 

• Electricity prices and economic consequences for power producers; 

• Future emissions of CO2, SO2 and NOx; 

• Welfare economic consequences. 

Emissions One major issue in the Polish power sector is the limits for SO2 and NOx 
emissions. The SO2 and NOx limits are based on the Large Combustion Plant 
Directive and the Accession Treaty. In the model calculations, which cover the 
total power and district heating sector, the SO2 and NOx limits from the Acces-
sion Treaty have been applied as a constraint. 

Alternative situations The analyses have been carried out for different situations. Besides the baseline 
situation, the following alternative situations have been analysed: 

• High CO2 price - a price of 15 Euro/ton CO2 is introduced; 

• No environmental restrictions; 

• High DE - High demand of electricity (PSE Adaptation scenario and in-
creased export to 10 TWh);  

• High RE - High development in renewable energy. 

Baseline situation In the baseline situation, the analyses have shown that the emission limits 
together with a gradual increase in the electricity demand lead to a large num-
ber of new investments in the electricity sector. The new investments are 
mainly based on coal and natural gas.  
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High price of CO2  In the situation assuming a high price of CO2 of 15 EUR/ton, the new 
investments are mainly based on natural gas. Furthermore, the share of com-
bined heat and power (CHP) is higher in that situation. The introduction of a 
CO2 price has a great influence on the type of new technology chosen by the 
model and the development in the electricity prices. In all years, the electricity 
price is lower in the baseline situation compared to the situation with a price of 
CO2. 

In the situation without environmental restrictions, the welfare of the country is 
higher than in any other situation. This is due to low electricity prices in most 
of the analysed period, and this is caused by an excess capacity in the system. 
By the end of the planning period (around 2018), the excess capacity is starting 
to fade out, and the electricity prices slowly harmonise with the prices in the 
baseline situation.  

No Env. restrictions 

High DE In case of a higher electricity demand, the excess capacity in the system will be 
lower than in the baseline situation and therefore result in a better welfare com-
pared to the baseline situation.  

High RE The situation with a higher share of wind and hydro illustrates that there is a 
strong need for renewable energy in the system to fulfil the environmental re-
strictions set in the baseline situation. The share of renewable electricity gen-
eration in the baseline situation is almost the same as in the RE situation where 
additional wind and hydro are forced into the model. In the baseline situation, 
the model chooses to generate RE electricity on an existing straw CHP.  

Electricity price  In the longer run, some of the existing power plants are decommissioned in 
most situations, and at the same time, the electricity demand slightly increases. 
This implies a need for investments in new production facilities, and conse-
quently the equilibrium price will increase to the "long-run price" covering also 
fixed costs and investments costs. The need for investments in new production 
facilities and the increase in electricity price are also caused by the introduction 
of limits on SO2 and NOx. 

Fuel consumption Also the fuel consumption is influenced by the different situations. The share of 
natural gas increases in all situations, except the situation without environ-
mental restrictions. In the situation with a price of CO2 of 15 EUR/ton, the fuel 
consumption is generally smaller due to a larger share of CHP, resulting in im-
proved system fuel efficiency. 

CHP In all situations, except the situation without environmental restrictions, the 
share of CHP generation increases and therefore indicates that there is a large 
potential for new CHP plants in the Polish power system.  

Welfare-economic The welfare-economic analyses illustrate the economic consequences for 
different economic groups when comparing the baseline situation with the dif-
ferent alternative situations: 

From these analyses it appeared that the consumers will loose when a price of 
CO2 of 15 EUR/ton is introduced. This is because of a higher electricity price. 
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From a country point of view, there will be a welfare-economic loss of high 
CO2 costs, which is related to the shift in production to technologies with lower 
CO2 emissions but higher costs. 

In the situation without environmental restrictions, the power producers will 
loose profit. This is because there will be an excess capacity in the system for 
most of the planning period. The consumers will gain due to the low electricity 
prices, and as a total the country will gain due to the limited need for new in-
vestments.  

In the situation with a higher demand of electricity, even more new capacity is 
needed, and the electricity prices become higher. The power producers there-
fore gain from this situation, but the consumers loose due to the higher electric-
ity prices. From a country point of view, there is a small benefit when introduc-
ing a higher electricity demand, because the higher demand makes the period 
with an excess capacity in the system even shorter than in the baseline situa-
tion.  
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Appendix 1 - Details on data 
In the Balmorel model, the individual power stations or types of power stations 
are represented by different technical and economic parameters, e.g.: 

• Fuel type 
• Capacities 
• Fuel efficiencies in condensing and/or CHP mode 
• Cb- and Cv-values for CHP plants 
• Desulphuring degree 
• NOx-emission coefficient 
• Variable production costs 
• Fixed annual production costs 
• Investment cost. 

The fuel type could for instance be coal, oil, natural gas or biomass. It is possi-
ble to specify any type of fuel in the model.  

The capacities in the model are given as net capacities for either electricity or 
heat. For extraction CHP units, the capacity is given as the electrical capacity in 
condensing mode, while for back-pressure CHP it is electrical capacity in co-
generation mode. 

In full cogeneration mode at CHP units, the Cb-value specifies the ratio be-
tween electricity and heat. For extraction units, the Cv-value specifies the loss 
in electricity when producing heat for maintained fuel consumption.  

One very important issue in Poland is the implementation of the Large Com-
bustion Plant (LCP) Directive, and therefore the division of power plants into 
groups also takes different types of derogation into consideration. The local 
company Energoprojekt has been assisting COWI in setting up input data for 
the Balmorel model.  

The current model consists of 31 aggregated groups as well as some auto pro-
ducers, some hydro, biogas, biomass, wind power facilities, and some heat-only 
boilers:  

Table 9:  Description of aggregated groups in the model 

Plant 
No. Model name Description 

1 El. hc SO2 > 500 Condensing units larger than 500 MW with SO2 deroga-
tion and based on hard coal 

2 El. hc SO2 < 500 Condensing units smaller than 500 MW with SO2 dero-
gation and based on hard coal 

3 El. bc SO2 Condensing units with  SO2 derogation based on lignite 

4 CHP hc SO2 > 200 CHP units larger than 200 MW with SO2 derogation and 
based on hard coal 

5 CHP hc SO2 (150-200) CHP units 150-200 MW with SO2 derogation and based 
on hard coal 

6 CHP hc SO2 (100-150) CHP units 100-150 MW with SO2 derogation and based 
on hard coal 
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Plant 
No. Model name Description 

7 CHP hc SO2 < 100 CHP units smaller than 100 MW with SO2 derogation 
and based on hard coal 

8 El. hc NOX > 500 Condensing units larger than 500 MW with NOX deroga-
tion and based on hard coal 

9 El. hc NOX < 500 Condensing units smaller than 500 MW with NOX dero-
gation and based on hard coal 

10 El. bc NOX Condensing units with  NOX derogation based on lignite 

11 CHP hc NOX > 200 CHP units larger than 200 MW with NOX derogation and 
based on hard coal 

12 CHP hc NOX (150-200) CHP units 150-200 MW with NOX derogation and based 
on hard coal 

13 CHP hc NOX < 150 CHP units smaller than 150 MW with NOX derogation 
and based on hard coal 

14 El. hc nat Condensing units with 20 000 operating hours deroga-
tion based on hard coal 

15 El. bc nat Condensing units with 20 000 operating hours deroga-
tion based on lignite 

16 CHP hc nat > 100 CHP units larger than 100 MW with 20 000 operating 
hours derogation based on hard coal 

17 CHP hc nat < 100 CHP units smaller than 100 MW with 20 000 operating 
hours derogation based on hard coal 

18 El. hc wap Condensing units without adjusting periods based on 
hard coal 

19 El. bc wap Condensing units without adjusting periods based on 
lignite 

20 CHP hc wap > 200 CHP units larger than 200 MW without adjusting periods 
based on hard coal 

21 CHP hc wap (100-200) CHP units 100-200 MW without adjusting periods based 
on hard coal 

22 CHP hc wap < 100 CHP units smaller than 100 MW without adjusting peri-
ods based on hard coal 

23 CHP bc wap CHP units without adjusting periods based on lignite 
24 El. hc n Condensing units new sources* based on hard coal 

25 CHP hc n > 400 CHP units larger than 400 MW, new sources*  based on 
hard coal 

26 CHP hc n (200-400) CHP units larger than 200-400 MW, new sources*  
based on hard coal 

27 CHP hc n < 200 CHP units smaller than 200 MW, new sources*  based 
on hard coal 

28 El. hc nn Condensing units newest sources** based on hard coal 
29 El. bc nn Condensing units newest sources** based on lignite 
30 El. Gas Condensing units based on natural gas 
31 Others Other units 
32 HY-S01…10 Hydro (RE) 
33 WI-L9 Wind (RE) 
34 Auto1…5  Auto producers (CHP and HOB - partial RE) 
35 CHP-Bio Biogas and biomass chp (RE) 
36 Distributed generators  

HOB HOB Heat only boiler 
 
*Build allowances was issued after 30.06.1987 and commission was done before 27.11.2003) 
**Newest sources - commission was or will be done after 27.11.2003 

 

Data used for modelling existing power stations and heat only boilers are pre-
sented in the following table:  
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Table 10:  Technical and economic data for power plants in year 2004 

 Model name 

Plant 
type 

Power 
Capacity

[MW] 

Heat 
Capacity 

[MW] 

Fuel 
efficiency 

Variable 
costs 

[PLN/MWh] 

Fixed costs 
[ KPLN/MWh

pr. year] 

El. hc SO2 > 500 Con 2640 0 0.37 5.5 245.8
El. hc SO2 < 500 Con 956 0 0.33 5 234.6
El. bc SO2  Con 1060 0 0.34 7.1 265.6
CHP hc SO2 > 200 CHP 447 2035 0.81 11 211.2
CHP hc SO2 (150-200) CHP 911 3575 0.8 12 202.2
CHP hc SO2 (100-150) CHP 534 2176 0.72 10.4 206.4
CHP hc SO2 < 100 CHP 28 92 0.86 10 258.5
El. hc NOX > 500 Con 7568 0 0.36 5.1 324.5
El. hc NOX < 500 Con 450 0 0.34 7.5 304.7
El. bc NOX Con 555 0 0.31 5 225.2
CHP hc NOX > 200 CHP 535 2015 0.81 11 199.5
CHP hc NOX (150-200) CHP 363 1873 0.78 11.2 228.7
CHP hc NOX < 150 CHP 138 695 0.84 9.9 255.8
El. hc nat Con 534 0 0.32 4.1 234.8
El. bc nat Con 964 0 0.33 6.7 242.4
CHP hc nat > 100 CHP 582 1604 0.74 11.8 245
CHP hc nat < 100 CHP 281 967 0.75 11.9 218.8
El. hc wap Con 992 0 0.36 2.6 267
El. bc wap Con 5062 0 0.35 7.7 234.3
CHP hc wap > 200 CHP 66 501 0.78 10.7 284.4
CHP hc wap (100-200) CHP 316 1073 0.8 11.6 213.5
CHP hc wap < 100 CHP 115 304 0.75 11.9 183.1
CHP bc wap CHP 227 477 0.63 20.3 256.4
El. hc n Con 282 0 0.35 2.2 223.8
CHP hc n > 400 CHP 197 500 0.85 13 208.7
CHP hc n (200-400) CHP 267 1376 0.85 12.1 202
CHP hc n < 200 CHP 191 599 0.83 9.1 282
El. hc nn Con 430 0 0.4 13 129.5
El. bc nn Con 1229 0 0.41 5.3 160.9
El. Gas CHP 492 1487 0.82 3.9 101.6
Others CHP 180 277 0.81 13.3 248.5
Auto producers CHP ~2,000 ~9,000 0.75 12.8 217
Distributed generators CHP 180 ~800 0.85 12.8 217
Hydro Hydro ~616 - - 0 118
Wind Wind 119 - - 0 44
CHP-Biomass/biogas CHP 20.2 93 0,85 12,5 492
HOB HOB - ~7,000 0.76 14.8  21.3

*Fuel efficiencies for CHP's are given for full CHP mode 

1.1 Fuel characteristics 
The major part of the power stations in Poland is fuelled by hard coal or lignite. 
The fuel characteristics are based on international standards of emissions for 
different fuel types as well as characteristics confirmed by Energoprojekt. The 
emission of CO2 and SO2 from the combustion depends only on the type of 
fuel. However, it is possible to reduce SO2 emission by establishing desulphuri-
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sation equipment. The fuel characteristics might differ slightly depending on 
the source of the fuel, the data used in the model are listed below. 

Table 11:  Fuel characteristics assumed in the model 

  CO2-emission 
[kg/GJ] 

SO2-emission 
[kg/GJ] 

Natural gas 56.9 0 
Coal 95 0.714 
Coal2* 95 0.936 
Fuel Oil  78 0.446 
Shale 106 1.428 
Peat 107 0.24 
Waste 55 0.5 
Biomass 0 0.025 

*Used for areas with a SO2 emission higher than int. standard 

The NOx emission also depends on the combustion temperature, the geometry 
of the combustion chamber, etc. Therefore, the NOx emission coefficient is 
given specifically for each power station in the Balmorel model. 

Similarly, the desulphurisation degree, if desulphurisation equipment is avail-
able, is an input to the model for each power station. For some units, the desul-
phuring degree changes with time, which is also applied to the Balmorel model.  

1.2 Electricity demand and import-export 
Three developments in electricity demand have been supplied by PSE. For the 
baseline situation, the PSE demand named "Integration scenario" have been 
applied. The three demands are illustrated in Figure 2 on page 7.  

The Baseline situation is carried out for a Polish electricity market with a fixed 
export of 6700 GWh. The export is a not related to any price signal or market, 
but a fixed value. Other than the fixed export, the simulation is carried out for a 
closed Polish market. The monthly variation in export, used for modelling, is 
given in the table below: 

Table 12:  Monthly export used in the Balmorel 

Month 1 2 3 4 5 6 7 8 9 10 11 12  
Total 772 568 441 439 403 423 281 285 673 797 706 913 Σ 6700

Source of monthly variation: Energy Market Agency Co 

1.3 Renewable energy 
The development in renewable energy is forced into the model. The expected 
development is given, and the baseline situation is based on the "Moderate" 
development in renewable energy given by PSE.  
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Figure 35:  Development in renewable energy - Baseline situation 
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Based on the production patterns and the electricity and heat prices, the eco-
nomic consequences for the different power producers can be calculated. This 
is illustrated in the report for each type of fuel. In this appendix, the economic 
consequences for the all power producers are illustrated for each of the aggre-
gated groups. It should be noticed that each unit is indicated with a number re-
ferring to the power station number given in Table 9 on page 44. 

Appendix 2 - Earnings at all aggregated groups 

 



50 

Table 13:  Earnings at existing units in 2005 assuming full competition - Baseline situation 
Plant no. 1 3 4 5 6 7 8 10 11 12 13 15 16 17 18 19 20 21 22 23 24 25 26 27 29 30 32 33 34 35 36
Production

- electricity GWh 14,541 8,345 2,215 3,834 1,943 129 14,751 3,904 2,725 1,765 679 5,868 2,250 1,095 7,094 44,320 346 1,237 129 1,176 2,359 219 1,149 1,437 3,469 7 3,208 246 6,858 130 1,292
- heat GWh 0 0 5,680 10,089 5,114 314 0 0 4,067 4,771 1,544 0 2,778 1,404 0 0 888 3,171 219 632 0 556 3,284 1,043 0 7 0 0 31,602 599 5,955
Average price 0
- electricity PLN/MWh 85 83 82 82 82 82 85 84 82 82 82 84 82 82 85 83 82 82 82 82 83 82 82 83 83 90 83 83 82 82 83
- heat PLN/MWh 0 0 41 26 29 35 0 0 34 40 37 0 14 36 0 0 46 23 20 36 0 21 31 26 0 50 0 0 48 107 77
Income 1,232 696 417 577 306 21 1,253 329 364 338 113 492 224 140 599 3,674 69 176 15 119 195 30 196 146 287 1 266 20 2,084 75 568
- electricity mill. PLN 1,232 696 182 315 160 11 1,253 329 224 145 56 492 185 90 599 3,674 29 102 11 97 195 18 94 119 287 1 266 20 564 11 107
- heat mill. PLN 0 0 235 262 146 11 0 0 140 193 57 0 39 50 0 0 41 74 4 22 0 12 101 27 0 0 0 0 1,520 64 461
Production 
costs

1,217
563 308 557 306 16 1,251 277 276 264 84 411 224 110 592 2,947 50 176 15 108 142 30 168 118 193 1 5 0 1,949 69 567

- fuel mill. PLN 1,137 504 281 505 283 15 1,176 257 244 242 77 372 196 96 573 2,606 46 160 13 84 137 26 152 104 175 1 0 0 1,462 60 475
- O&M mill. PLN 80 59 27 52 23 1 75 20 32 23 8 40 28 14 18 341 4 16 2 25 5 3 16 14 18 0 5 0 487 9 93
- taxes mill, PLN 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Contribution 
margin

mill. PLN
15 134 109 21 0 5 2 51 88 73 29 81 0 30 8 727 19 0 0 11 53 0 28 28 94 0 261 20 135 5 1

Fixed costs mill. PLN 649 284 94 184 110 7 2,257 125 107 83 35 189 138 48 265 1,298 19 68 21 58 63 41 54 54 71 69 123 6 341 10 59
Earnings mill. PLN -634 -151 15 -164 -110 -2 -2,255 -74 -19 -10 -7 -108 -138 -18 -257 -570 0 -68 -21 -47 -10 -41 -26 -26 24 -69 138 14 -206 -5 -58
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Table 14:  Earnings at existing units in 2020 assuming full competition - Baseline situation 

Plant no. 1 4 5 6 8 10 11 12 13 18 19 21 22 23 24 25 26 27 28 29 30 32 33 34 35 36
Production
- electricity GWh 179 213 109 435 23,033 1,058 2,666 1,237 554 1,566 40,996 0 953 150 1,657 2,347 248 69 1,453 3,373 9,689 5,874 4,067 5,769 2,629 1,670 2,080
- heat GWh 0 457 286 1,144 0 0 3,774 3,343 1,258 0 0 1 2,442 217 627 0 556 180 1,043 0 0 2,036 0 0 12,114 7,697 9,587
Average 
price

- electricity PLN/MWh
231 219 222 174 191 199 179 174 174 203 181 172 175 187 179 178 185 223 178 178 178 184 178 179 174 176 174

- heat PLN/MWh
0 28 39 89 0 0 28 79 73 0 0 82 70 56 58 0 43 27 46 0 0 17 0 124 145 146

Income 41 59 35 178 4,397 210 583 481 188 317 7,400 0 338 40 334 418 70 20 307 600 1,721 1,115 726 1,030 1,956 1,409 1,757
- electricity mill. PLN 41 47 24 76 4,397 210 478 215 97 317 7,400 0 166 28 297 418 46 15 258 600 1,721 1,080 726 1,030 457 294 362
- heat mill. PLN 0 13 11 102 0 0 105 265 91 0 0 0 172 12 36 0 24 5 48 0 0 35 0 0 1,498 1,115 1,395
Production 
costs 14 27 15 63 1,804 76 250 172 64 120 2,753 0 126 16 142 143 31 9 111 268 545 907 5 0 823 889 1,020
- fuel mill. PLN 13 24 13 58 1,687 71 218 156 58 116 2,438 0 113 14 107 138 27 8 97 225 493 884 0 0 640 777 871
- O&M mill. PLN 1 3 2 5 117 5 31 16 6 4 316 0 12 2 34 5 4 1 14 44 51 23 5 0 184 112 149
- taxes mill, PLN 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Contribution 
margin

mill. PLN
28 32 21 114 2,593 134 334 309 124 197 4,647 0 212 24 192 275 39 11 196 332 1,176 208 720 1,030 1,133 520 737

Fixed costs mill. PLN 91 94 57 22 1,918 125 107 72 35 265 1,316 19 51 21 58 63 41 54 54 56 198 93 161 149 521 132 200
Earnings mill. PLN -64 -62 -36 92 675 9 227 237 89 -68 3,330 -19 162 3 134 212 -2 -43 142 276 979 115 560 881 612 388 537
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Table 15:  Earnings at existing units in 2005 assuming full competition - High CO2 price situation 
Plant no. 1 3 4 5 6 7 8 11 12 13 15 16 17 18 19 20 21 22 23 24 25 26 27 29 30 32 33 34 35 36
Production

- electricity 14,453 7,814 2,215 3,834 1,943 129 10,584 2,725 1,765 679 5,252 2,250 1,095 4,325 43,754 328 1,237 129 1,729 2,359 219 1,149 1,454 3,469 1,995 3,208 246 7,958 130 1,671
- heat 0 0 5,680 10,089 5,114 314 0 4,067 4,771 1,544 0 2,778 1,404 0 0 840 3,171 219 632 0 556 3,284 1,043 0 2,036 0 0 36,673 599 7,699
Average price

- electricity 151 151 149 149 149 149 152 149 149 149 151 149 149 152 150 149 149 149 150 150 149 149 150 150 149 150 150 149 149 149
- heat 0 0 67 44 50 56 0 54 66 60 0 19 56 0 0 74 40 32 49 0 34 51 41 0 26 0 0 71 103 92
Income 2,188 1,177 713 1,013 544 37 1,607 628 579 194 793 389 242 657 6,554 111 310 26 290 353 52 338 261 519 351 480 37 3,807 81 955
- electricity 2,188 1,177 330 572 290 19 1,607 406 263 101 793 336 163 657 6,554 49 184 19 259 353 33 171 218 519 298 480 37 1,188 19 249
- heat 0 0 383 442 255 18 0 221 316 93 0 53 78 0 0 62 126 7 31 0 19 167 43 0 54 0 0 2,619 62 706
Production costs 2,161 1,116 544 981 544 29 1,607 481 468 149 784 389 191 655 6,126 84 310 26 260 314 52 295 208 411 351 5 0 3,485 69 894
- fuel 1,130 472 281 505 283 15 844 244 242 77 333 196 96 350 2,572 43 160 13 122 137 26 152 106 175 272 0 0 1,866 60 614
- O&M 79 55 27 52 23 1 54 32 23 8 36 28 14 11 337 4 16 2 36 5 3 16 14 18 8 5 0 566 9 120
- taxes 951 590 236 425 238 13 710 205 204 65 416 165 81 294 3,217 36 134 11 103 172 22 128 89 218 71 0 0 1,052 0 160
Contribution margin 28 60 169 32 0 8 0 147 111 45 10 0 50 2 427 27 0 0 30 39 0 43 53 108 0 475 37 322 12 61
Fixed costs 649 284 94 184 110 7 2,257 107 83 35 189 138 48 265 1,298 19 68 21 58 63 41 54 54 71 69 123 6 392 10 59
Earnings -621 -224 75 -152 -110 1 -2,257 40 28 10 -179 -138 3 -263 -870 9 -68 -21 -29 -24 -41 -11 -1 37 -69 352 31 -70 2 3
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Table 16:  Earnings at existing units in 2020 assuming full competition - High CO2 price situation 

Plant no. 1 4 5 6 7 10 11 12 13 18 19 20 21 22 23 24 25 26 27 28 29 30 32 33 34 35 36
Production
- electricity 298 1,592 653 409 20,191 300 2,659 1,229 583 1,006 39,205 26 953 137 1,670 2,300 219 626 1,453 3,314 9,596 5,829 4,067 5,769 2,668 1,670 3,887
- heat 0 4,082 1,718 1,077 0 0 3,847 3,322 1,325 0 0 67 2,445 219 627 0 556 1,790 1,043 0 0 2,036 0 0 12,295 7,697 17,913
Average price

- electricity 222 193 193 192 205 226 195 192 193 218 199 191 192 197 197 197 193 193 196 197 197 200 196 197 193 194 197
- heat 0 47 58 98 0 0 46 84 76 0 0 71 74 50 59 0 45 47 51 0 0 17 0 96 123 124
Income 66 499 225 183 4,131 68 696 514 213 219 7,799 10 365 38 366 454 67 206 338 653 1,885 1,197 798 1,134 1,697 1,270 2,986
- electricity 66 307 126 78 4,131 68 520 236 112 219 7,799 5 184 27 329 454 42 121 285 653 1,885 1,163 798 1,134 514 324 765
- heat 0 191 99 105 0 0 177 278 101 0 0 5 182 11 37 0 25 85 54 0 0 34 0 0 1,182 946 2,221
Production costs 43 375 160 110 2,936 46 449 312 123 146 5,516 6 229 27 242 308 50 154 199 466 1,143 1,101 6 0 1,106 889 2,279
- fuel 21 185 79 55 1,479 20 218 155 61 75 2,331 3 113 13 108 135 24 76 97 221 489 877 0 0 652 777 1,627
- O&M 2 20 9 5 103 2 31 16 7 3 302 0 13 2 35 5 3 9 14 43 51 23 6 0 187 112 279
- taxes 20 170 72 50 1,354 25 200 142 56 68 2,883 3 104 12 99 167 22 70 89 202 604 201 0 0 268 0 373
Contribution margin 23 124 65 74 1,195 22 247 202 91 73 2,283 3 136 11 124 146 18 52 139 188 742 96 793 1,134 590 381 708
Fixed costs 91 94 57 22 1,918 125 107 72 35 265 1,316 19 51 21 58 63 41 54 54 56 198 93 161 149 736 132 200
Earnings -68 29 8 52 -723 -103 141 130 55 -192 967 -15 85 -10 66 83 -23 -2 85 132 544 3 633 985 -146 249 508
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