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Abstract—The aim of this paper is to evaluate market 

position of an independent power producer (IPP) on fossil fuel 
situated in the South East Europe Regional Market (SEE REM). 
The IPP in SEE REM has to choose between purchasing emission 
unit allowances (EUA) through European Union Emission 
Trading Scheme (EU ETS) or to install carbon dioxide capture 
and storage system (CCS). To perform more accurate market 
evaluation the baseline market scenario and broader range of 
sensitivity scenario analysis have been made in this paper. 
Results show that investment in the CCS in the SEE REM is not 
profitable unless the EUA is significantly higher than today's 
price of 5 €/tCO2 [1].  
Keywords: Independent power producer, Comparative power 
plant economics, Emission costs methods 

 

I. INTRODUCTION 
In this paper the evaluation of the IPP market position 

emission costs is based on the power unit’s production and 
defining the long run marginal cost (LRMC) of the referent 
power plant (IPP-REF) who has to purchase emission unit 
allowances [2] and similar IPP with installed carbon dioxide 
capture and storage system (IPP-CCS). The forecast is 
performed by means of a software tool, called PROMED, a 
day-ahead market simulator developed by CESI – Italy [3].  

The SEE REM was established by the initiative of the EU 
commission 2002 in Athens [4]. The SEE REM is 
characterized by having different carbon dioxide (CO2) 
emission costs [5]. The countries in the SEE which belong to 
the EU ETS are Croatia, Slovenia, Hungary, Romania and 
Bulgaria. The countries which are not part of the EU ETS are 
Bosnia and Herzegovina, Serbia, Macedonia, Montenegro and 
Albania and they are not obligated to purchase the emission 
unit allowances. However, it could be assumed that these 
countries will also pay some taxes for CO2 emissions, but 
these taxes will be much lower than prices of the EUA. For 
this reason, for the IPP situated in the SEE REM, it is 
important to have a clear view to the technical, economical 
and financial assumptions related to the CO2 emission cost 
[6]-[8]. In addition to electricity production from renewable 
energy sources [9][10] the CCS is potentially critical 
technology for climate protection, but its costs could pose a 
major barrier to its widespread use as the greenhouse gases 
(GHG) control strategy [11]-[18]. 

This paper consists of the following sections: section II 
describes technical and economical boundary conditions and 
also provides model of referent IPP-REF and equivalent IPP-
CCS while section III explains the software tool used for the 
market analysis. Section IV presents the results of the baseline 
market scenario while in section V sensitivity market 
scenarios are analyzed in order to perform more 
comprehensive analysis and finally, the conclusions are 
presented in section VI. 

II. MODELING OF IPPS 
The evaluation of IPPs market position must begin with 

clear definition of boundaries (battery limits) of the project 
because boundary conditions have significant effects on the 
final results [19]. 

A. Technical Data 
The main technical data for the IPP-REF and IPP-CCS are 

shown in the Table I [20]. The CCS is energy intensive and 
the IPP-CCS has higher energy requirements which results 
with increased fuel consumption per each produced MWh, 
and the efficiency of the IPP-CCS is ten percentile points 
lower compared to IPP-REF [8][21][22].  

Specific consumption curve for both IPPs is shown in the 
Fig. 1. 
 

 
Fig 1. Specific consumption curve for the IPP-REF and the IPP-CCS 
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As it can be seen from the Fig. 1, consumption depends on 
the output of the plant and it is higher when the plant is 
operating at the lower capacity. The lower efficiency and 
higher consumption result with increased production of CO2 
for IPP-CCS. 

TABLE I 
TECHNICAL PARAMETERS OF THE IPP-REF AND IPP-CCS POWER PLANT 

IPP type IPP-REF IPP-CCS 
Type of plant N-of-a-kind First-of-a-kind 
Plant life  40 years 40 years 
Plant net output 500 MW 500 MW 
Gross minimum power 300 MW 300 MW 

Start-up fuel Extra light 
fuel oil 

Extra light 
fuel oil 

Fuel PC PC  
Boiler properties USC USC 

Thermodynamic cycle 280 bar, 
600 °C 

280 bar, 
600 °C 

Efficiency   45,49 % 35,49 % 
Carbon capture efficiency 0 % 90 % 

Flexibility on a weekly 
basis 

on a weekly 
basis 

Ambient temperature 15 °C 15 °C 
Ambient relative moisture 65 % 65 % 
Ambient pressure 1013 mbar 1013 mbar 
Cooling water temperature 16 °C 16 °C 
Dispatch ramp rate (35-50% 
load) 5 MW/min 5 MW/min 

Dispatch ramp rate (50-100% 
load) 10 MW/min 10 MW/min 

Minimum run rate 35 % or lower 35 % or lower 
Availability 85 % or higher  85 % or higher 
Nominal system frequency  50 Hz 50 Hz 
Nominal frequency variation 49.5/50.5 Hz 49.5/50.5 Hz 
Highest/lowest frequency 47.5/51.5 Hz 47.5/51.5 Hz 
Coal delivery method  ship ship 
Transmission system 
interconnect voltage 400 kV 400 kV 

Switchyard included? not included not included 
Transmission line included not included not included 
Noise limitations? no no 
Cooling water sea  water sea  water 

Type of concept for CCS  / post 
combustion 

Pipeline distance and capacity / 180 km, 
offshore 

CO2 transportation / pipeline 
Pre-injection reservoir 
identification and appraisal 
costs 

/ not included 

Post injection monitoring 
costs / not included 

CO2 purity  / > 95,5% 

Type of geologic storage site  / saline aquifer, 
flat 

Decommissioning of injection 
wells and monitoring wells  / not included 

 

Because the ambient conditions are site-specific, it is 
assumed that the site will be in Croatia immediate to the port 
with on-site utility system to connect the power plant to the 
grid. Considering the environment specific, it is presumed that 
the best option for the IPP-CCS would be to choose a post 
combustion. The captured and the compressed CO2 will be 
transported through a conventional pipeline (approximately 
180 km) to the offshore saline aquifer (SA) called Dugi otok 
located in the Adriatic Sea. The capacity of this SA is 601,652 
Mton and it is 930 m bellow the sea level [23][24].  

B. Financial and Emission Data 
Financial boundary conditions are divided into investment 

costs, fixed operational and maintenance costs (FOM), 
variable operational and maintenance costs (VOM), fuel costs, 
emission cost due to purchasing CO2 emission unit allowances 
(or taxes) and CO2 transport and storage costs [25]. The cost 
basis is for the SEE REM which is a part of the European 
electricity market and because of that all reported costs are in 
Euros (€), and inflation and other price escalation rates are not 
assumed. 

1) Investment Costs: includes the engineering, procurement 
and construction (EPC) costs. The economical life of the IPP-
REF and the IPP-CCS is considered to be 20 years. The 
interest rate or the discount rate (the annual rate used to 
discount values, usually taken to be a predefined return of 
investment required to cover equity and debt costs) [25] is 
presumed to be 8,75%. The capacity factor is multiplied by 
the total number of hours in a year, (e.g., 8766, including leap 
years). In this paper investment costs exclude grid connection 
costs and costs for erecting pipeline for transport of the CO2 
captured. 

2) Fixed Operational and Maintenance Costs (FOM): 
includes spare parts and planned maintenance, overhauls, 
personnel and general and administrative costs.  

3) Variable Operational and Maintenance Costs (VOM): 
are directly proportional to the amount of electricity generated, 
and include the costs of consumables like water and limestone 
and disposal costs (ash, gypsum etc).  

4) Fuel Costs: in this paper is presumed to be 2,5 €/GJ per 
hard coal.  

5) Emission Cost Due to Purchasing the CO2 Emission Unit 
Allowances (Taxes): refers to the IPP-REF and the IPP-CCS 
because its effectiveness of capture is 90% [22][26], and since 
January 1st 2013 all the IPPs in Europe are obligated to buy a 
license for every emitted ton of CO2 [27]. 

6) CO2 Transport and Storage Costs: Transportation of the 
captured CO2 can be achieved through pipelines (onshore and 
offshore) and ships. CO2 can be disposed in deep geological 
sequestration, mineral carbonation or ocean storage. In this 
paper the expected values for transporting the captured CO2 is 
3,4 €/tCO2 [8] and cost estimates for storage of the captured 
CO2 is 4 €/tCO2 [8]. 
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III. PECULIARITIES OF PROMED SOFTWARE TOOL 
PROMED simulates a liberalized electricity market where 

generation companies compete by signing physical bilateral 
contracts and by bidding on a power exchange; the simulator 
implements a day-ahead hourly energy market, characterized 
by a system marginal price and by a congestion management 
based on a zonal market-splitting. The network model is 
structured into market zones that are interconnected by 
equivalent interconnections. Each interconnection is 
characterized by a maximum active power transfer capacity in 
both directions. Connections to neighbouring electric systems 
are also modeled with equivalent power flows that represent 
the import/export exchange from/to neighbouring countries. 
Assuming full competition in all the hours, the competitor’s 
bid-up strategy is aimed to cover the estimated LRMC of 
power units. The basic PROMED input data are [3]: 
− zonal market structure and relative net transfer capacities, 
− load demand, 
− fuel prices, 
− emission prices, 
− thermal generation set, 
− thermal units constrains, 
− hydro generation set, 
− competitors bidding strategy on the day-ahead electricity 

market and 
− equivalent influence of energy exchanges between SEE 

regional electrical system and its neighbouring systems on 
an hourly basis. 

IV. BASELINE MARKET SCENARIO COMPARISON 
The baseline market scenario comparison between IPP-

REF and IPP-CCS is based on technical and financial 
assumptions shown in the chapter 2. In this scenario the cost 
of emission unit allowances is presumed to be 0 €/tCO2 and 
capacity factor 0,7985 (that is 7000 operating hours per year). 
The results of the baseline scenario are shown in the Table II.  

Relationship between LRMC and CO2 emitted values for 
IPP-REF and IPP-CCS is shown in the Fig. 2. 

 

 
Fig. 2. Relationship between LRMC and emitted CO2 

The Fig. 2 shows dependence of the CO2 emissions 
compared to the values of the LRMC for the IPP-REF and the 
IPP-CCS. The amount of the emitted CO2 for the IPP-CCS is 
0,954 tCO2/MWh and based on the assumption that the 
efficiency of the CO2 captured for the IPP-CCS is 90 % 
[22][26], it is possible to get the amount of emitted CO2 which 
is 0,095 tCO2/MWh, and for them the IPP-CCS which is 
situated in the SEE is obligated to purchase the emission unit 
allowances. 

For base scenario the LRMC of the IPP-REF is 50,42 
€/MWh with the emitted 0,742 tCO2/MWh, and for LRMC of 
the IPP-CCS is 76,91 €/MWh with the emitted 0,095 
tCO2/MWh. 

 TABLE II                                                                                           
BASELINE MARKET SCENARIO RESULTS FOR THE IPP-REF AND IPP-CCS  

IPP type IPP-REF IPP-CCS 

Net power plant heat rate 
(GJ/MWh) 7,91 10,14 
Efficiency at maximum 
power  (%) 45,49 35,48 

Specific Capital Investment 1,5 2,3 
Net power output of the 
plant (MW) 500 500 

Interest rate or discount rate   
(%) 8,75 8,75 

Economic life of the power 
plant 20 20 

Production  3572,2 3608,4 
Specific investment cost 
(€/MWh) 24,80 35,30 

Maintenance  (M€/year) 1,6 2,3 
Assurance  (M€/year) 1 1,43 
General and Administrative 
(M€/year)  0,4 0,575 

Personnel  (M€/year) 2,55 2,97 
Specific fixed O&M costs  
(€/MWh) 5,75 7,98 

Specific variable O&M 
costs  (€/MWh) 0,92 2,13 

Annual fuel cost (M€)  67,7 86,1 
Specific  fuel cost (€/MWh) 18,95 23,87 
Amount of produced CO2 
(tCO2/MWh) 0,742 0,952 

Price of emission unit 
allowances  (€/tCO2) 

0 0 

Capture efficiency  (%) / 90 
Specific cost of CO2 tax   
(€/MWh) 0 0 

CO2 transport cost (€/tCO2) / 3,4 
Specific cost of CO2 
transport (€/MWh) / 2,53 

CO2 storage cost (€/tCO2) / 4 
Specific cost of CO2 
storage (€/MWh) / 2,97 

Long run marginal cost 
(€/MWh) 50,42 76,91 
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V. SENSITIVITY SCENARIO ANALYSIS 
Because many different factors affect to the LRMC, 

sensitivity scenario analysis are carried out. For the IPP-REF a 
variation of ± 10 % has been taken into consideration for 
investment costs, interest rate, capacity factor, fuel price and 
fuel quality (different coal heating value), while for the IPP-
CCS the same studies have been made plus a variation of       
± 50 % was considered for CO2 transport and for CO2 storage. 
The results of the analysis for the IPP-REF are shown in the 
Fig. 3 and results for the IPP-CCS are shown in the Fig. 4. 
The analysis confirmed that even smaller variations of 
investment costs and capacity factor have a significant impact 
on the LRMC for the IPP-REF and the IPP-CCS. 

 

 
Fig. 3. Sensitivity analysis of key LRMC parameters for the IPP-REF 

 

 
Fig. 4. Sensitivity analysis of key LRMC parameters for the IPP-CCS 

 
For the IPP-REF a change of 10 % capacity factor results 

in a change of more than 3 €/MWh of the LRMC, and for the 
IPP-CCS a change of 10 % in investment costs results in a 
change of more than 5 €/MWh of the LRMC. Similar thing 
happens to investment costs, for the IPP-REF a change of    
10 % in investment costs results in a change of more than       
3 €/MWh of the LRMC, and for the IPP-CCS a change of     
10 % in investment costs results in a change of more than       
4 €/MWh of the LRMC. 

In order to provide a more comprehensive analysis and 
reduce the risk of the investment the effects of different 
interest rate, different plant load factor (capacity factor) and 
different prices of emission unit allowances will be analysed. 

A.  Different Interest Rate 
Interest rate has significant impact on characteristics of the 

power plant. In this scenario analysis all the values remain 
unchanged to the baseline scenario, only thing that changes 
are the values of the interest rate from 5 % to 15 %. The 
LRMC in the correlation of different interest rate is shown in 
the Fig. 5. 
 

 
 

Fig. 5. Impact of interest rate on the LRMC 

 
A significant impact of different interest rate can be seen 

from the Fig. 5. For interest rate of 5 % LRMC of the IPP-REF 
is 44,7 €/MWh and for the IPP-CCS is 68,2 €/MWh, and for 
interest rate of 15 % LRMC of the IPP-REF is 62,91 €/MWh 
and for the IPP-CCS is 94,33 €/MWh.  

B.  Different Plant Load Factor 
In this scenario all the values remain unchanged compared 

to the baseline scenario, only values of the plant load factor 
are changed from 6000 to 8200 operating hours per year. 
Achieving high capacity factor is the key to be costs 
competitive for the IPP-REF and the IPP-CCS, as it is shown 
in the Fig. 6. 

 

 
 

Fig. 6. Impact of capacity factor on the cost 
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From the Fig. 6 it can be seen that with plant load capacity 
of 6000 h per year the LRMC of the IPP-REF is 56,04 €/MWh 
and for the IPP-CCS is 84,42 €/MWh, and with the plant load 
capacity of 8200 h per year the LRMC of the IPP-CCS is 
46,56 €/MWh and for the  IPP-CCS is 70,85 €/MWh.  

C.  Different Prices of Emission Unit Allowances (EUA) 
Because it is very difficult to presume future prices of the 

emission unit allowances, prices of the emission allowances 
from 20 €/tCO2, 40 €/tCO2 and 80 €/tCO2 are made. Other 
data in this calculation are the same as in the baseline scenario. 
The results are shown in the Fig. 7.  

 

 
Fig. 7.  LRMC comparisons between the IPP-REF and the IPP-CCS with 
different EUA prices 

 
From the Fig. 7 it can be seen that the emission unit 

allowances significantly raises the LRMC. Cost analysis 
dependent on different emission unit allowances is shown in 
the Fig. 8. 

 

 
Fig. 8. Cost analysis dependent on different EUA 

 
At the price of EUA from 0 €/tCO2 the LRMC of the IPP-

REF is 50,42 €/MWh, and the LRMC of the IPP-CCS is   
76,91 €/MWh. Rising EUA costs affect more the IPP-REF, 
whilst the IPP-CCS only slightly changes. That causes their 
intersection at the value of emission unit allowances of           
40,46 €/tCO2. This means that at that price of the emission 

allowances it is worth investing in the CCS system. Based on 
this analysis the investment potential for the IPP-REF and the 
IPP-CCS can be determined, as is shown in the Fig. 9. 

 

 
Fig. 9. Investment possibilities for the IPP-REF and the IPP-CCS 

 
Three areas which represent investment possibilities in 

correlation with the LRMC and EUA cost fluctuations can be 
seen from the Fig. 9. 

VI. CONCLUSION 
South-East Europe electricity market is a part of a larger 

European electricity market which is a world leader in low 
carbon energy power system. The coal-fired IPP situated in 
this region is obligated to adjust to that. Because the coal is 
widespread fuel in the energy power production it is not 
possible to provide the stable power system without coal 
power plants. However, coal power plants with the CCS do 
not present the final solution for carbonless power system but 
they will provide time to develop new carbonless technologies.  

The baseline market scenario and broader range of 
sensitivity scenario analysis, that have been made in this paper, 
show that investment in the CCS in South-East Europe 
electricity market is not profitable at today’s price. To achieve 
carbonless power system it is important that the EUA price 
increase up to at least 40 €/tCO2. Then the IPP-CCS will 
become competitive in comparison to the IPP-REF. 
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