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Abstract: This paper is a documentary study on CO2 capture by post-combustion 

technology, considered as the most important greenhouse gas. Romania's integration into 

the European Economic Community and harmonization with energy policy have led to 

increased market competition, while enhancing technical and economic competitiveness, 

operational safety and environmental protection for the energy sector. 

CO2 Post-combustion capture is the most advanced technology that can be 

easily adapted to the large capacities installed in the thermoelectric power plants. The 

principle of the method consists in the chemical absorption of CO2 from the flue gas 

using a solvent (amine or cooled ammonia) with an approximately 95% efficiency. 

However, this technology has a disadvantage, consisting in the steam 

consumption required for the chemical solvent regeneration , resulting in 15-20% 

energy penalties, and the overall energy efficiency of the thermoelectric power plants as 

well. At the same time, the economic indicators are also influenced by the integration of 

the CO2 absorption process, which ultimately translates into an increase in the cost of 

electricity production. The main objective of the paper consists in the operational and 

investments costs estimation of a power plant with CO2 post-combustion capture 

process. 

Keywords: CO2 capture, post-combustion, chemical solvent, costs, 

electricity 

Rezumat: Acest articol reprezintă un studiu bibliografic asupra tehnologiei 

de captare CO2 post-combustie, considerat cel mai important gaz cu efect de seră. 
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politica energetică au dus la creşterea concurenţiei de piaţă, implicând totodată 

competitivitatea tehnico-economică, siguranţa în funcţionare şi protecţia mediului 

pentru domeniul energetic. 

Captarea CO2 post–combustie este considerată cea mai dezvoltată dintre 

tehnologiile actuale ce poate fi adaptată cu uşurinţă la capacităţile mari instalate în 

centralele termoelectrice. Principiul metodei constă în absorbţia chimică a CO2 din 

gazele de ardere utilizând un solvent (amină sau amoniac răcit), cu o eficienţă de 

aproximativ 95%.  

Totusi, această tehnologie prezintă un dezavantaj, si anume consumul de abur 

necesar regenerării solventului chimic ce conduce la penalităţi energetice de 15-20%, 

afectând eficienţa globală a centralelor termoelectrice. Totodată, integrarea 

procesului de absorbţie chimică a CO2 influenţează indicatorii economici, ceea ce se 

traduce în final prin creşterea costului producţiei de energie electrică. Principalul 

obiectiv al articolului constă în estimarea costurilor de investiţie şi de operare ale 

unei centrale termoelectrice prevăzută cu captare de CO2. 

Cuvinte cheie: Captare CO2, post-combustie, solvent chimic, costuri, 

energie electrică 

1. Introduction

The demand for energy with a clear upward trend in the world market 

presents a complex transition, divided by several dimensions: geopolitical, 

economic, technological and climatic. These evolutions are modeling new 

strategic partnerships, with security, investment, trade, and technological 

components. From the perspective of the latest EU documents, environmental 

security becomes the fundamental idea of sustainable development. 

All governments should motivate the business sector to invest in a 

cleaner global economy with low carbon emissions. The EU has already 

taken a first step in the Spring European Council of 1990, putting a binding 

target for the whole Union to reduce greenhouse gas emissions by 20% by 

2020. Another objective set then was a contribution of 20% of renewable 

resources to the total energy consumption of the European Union by 2020. 

Romania has expressed its support for strengthening the role of the 

EU in the world leaders in combating climate change, through a 

commitment to reduce the level of greenhouse gas emissions at the 

Community level by 20% by 2020 (StopCO2, 2010). For this purpose, in 

2008, the National Strategy for Sustainable Development of Romania, 

Horizons 2013-2020-2030 was approved. 

In the National strategy for sustainable development, the main 

objectives are set out "aimed at maintaining, consolidating, expanding and 
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continuously adapting the structural configuration and functional capacity of 

natural capital as a foundation for maintaining and enhancing its capacity to 

support the pressure of social development and economic growth and the 

foreseeable impact of climate change" 
[1]

.

It is no secret that the most important pollutant is CO2, due to the 

large quantities released in the atmosphere, over 30 billion tons annually. It 

is estimated that CO2 has increased by 50% faster in 2016 than the average 

over the last decade, leading to an increase of 45% above the pre-industrial 

age level, i.e. the highest concentration in the last 800,000 years. 

Worldwide, electricity is produced by about 60% by burning coal, 

50% of extracted oil is used in transport, and natural gas is used in heating 

housing, but also in electricity production. The sudden halt in the use of 

fossil fuels for all these basic processes risks leading to the collapse of the 

current society. It was thus decided to gradually give up coal, oil, and gas, 

while in parallel, seeking solutions to capture emissions from fuel processing. 

From the point of view of those who will continue to exploit oil, coal 

and natural gas, the reduction of pollution resulting from the combustion of 

fossil fuels is possible through CCS technologies (Carbon Capture and 

Storage). CO2 could be stored at large depths, in layers of rock or even in the 

oceans (but with great risks for the aquatic area), or it could be injected to 

extract oil or methane. It is also used, in small amounts, unfortunately, in 

various activities (food industry, chemical industry, agriculture, the 

manufacture of carbon fiber). Another method of storage would be natural, 

in the biosphere, but the disadvantage of slow absorption of CO2 by plants 

and large areas needed for the rehabilitation of forests. This method, 

however, fits for storing excess CO2 from the atmosphere. 

The most effective method will be considered the one with the lowest 

costs and the best yield, rentable for the great players in the field of energy. 

The main objective of the present article is to estimate the investment and 

operating costs of a thermoelectrical power plant with CO2 capture. 

2. Presentation of the post-combustion CO2 capture process by

chemical absorbtion

The last two decades have brought new studies that both technically 

and economically approach the improvement of carbon capture and post-

combustion storage resulting from the energy industry. Post-combustion at 

the moment is the most advanced technology that can be used for processing 

large quantities of CO2 produced by coal-burning power plants. This consists 
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of separating CO2 from residual gases using various solvents (amine, chilled 

ammonia). Research shows that the method of cooled ammonia can remove 

up to 95% of CO2 retained from the combustion gases. 

The technology is applied both to coal plants and fuel gas stations or 

any high-capacity stationary installations. Oxygen enriching the combustion 

air can lead to the improvement of this technology, but it involves new costs 

related to obtaining the oxygen flow.   

Although there are some appropriate technologies, CO2 capture has 

not yet been optimized for widespread application in thermoelectric power 

plants. Intensive research is being carried out in many countries to study new 

concepts and improve existing technologies. 

Post-combustion capture technology is the method by which CO2 is 

removed from burnt gases resulting from the combustion process of fossil 

fuels (gaseous, liquid or solid) in order to obtain electricity. The main path 

of CO2 capture is described in Figure 1: 

Figure 1. Technological diagram of CO2 post-combustion capture process 

The presence of other emissions in the combustion gases affects the 

absorption process and leads to the degradation of the solvent used. It needs to 

minimize their concentration for better efficiency of the absorption process. 

The chemical solvents used are the base type which is able to react 

reversibly with CO2. It is very important that following the reaction between 

CO2 and solvent, the resulting compound be stable enough to not rapidly 

decompose in the absorption column, but at the same time be easily 

decomposed into CO2 in the desorption column, with minimal thermal 

energy consumption. Another necessary characteristic is a low viscosity, 

needed to avoid high pumping costs, provide good thermal transfer 

properties, reduced heat capacity in order to minimize heating requirements 

and to present stability and low corrosion degree. 
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A category of compounds that balance both the moderate base 
character and low volatility are the organic amines underlying the majority 
of chemical solvents used in CO2 absorption 

[2], [3]
. The structural formulas of

the studied amines are shown in Figure 2. 

Figure 2. The structural formula of some amines used in post-combustion 

The most used amine is monoethanolamine MEA, but also secondary 
and tertiary amines can be used in various mixtures. Monoethanolamine, also 
known under the names of 2-aminoethanol or ethanolamine, is an organic 
compound with the formula HO-CH2-CH2-NH2. From the chemical point of 
view, it is both primary alcohol and a primary amine, due to hydroxyl and 
amino groups. It is a colorless and viscous liquid with the specific smell of 
ammonia. 

The main challenges to be taken into account for the process of carbon 
capture in solutions with amines are impurities that can affect efficiency: 
sulfur dioxide (SO2), nitrogen oxides (NOx), material particles (PM) and other 
acidic gases. One of the most important impurities is oxygen, which has a 
solvent effect on the amine solution. 

More treatment and treatment steps are needed. The combustion gases 
are first deducted, then passed through a cooling system to reach the required 
temperature of the disulfide/desulphurization process. The desulphurization 
process takes place in a gas scrubber where sulfur oxides are retained. SO2 
reacts irreversibly with the amines, initially forming sulfuric acid, then the 
reaction will continue with its dissociation of protons and sulfites ions SO3

2-
,

which will accumulate in the treatment columns. Reducing the sulfur content 
of burnt gases before absorption decreases the risk of rapid degradation of the 
amine solution during the absorption process. 

The desulfurized gases are introduced by the lower part of the 
absorber. The amine solution will be injected through nozzles located at the 
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top of the column. The two phases will come into contact in countercurrent, 
circulating through a layer filled with Raschig rings. 

The reaction CO2 - MEA is a reversible one: CO2 absorption occurs 

at low temperatures in the amine solution, and most of the CO2 will be 

absorbed by heating. Then the rich in CO2 absorber is introduced into a heat 

exchanger, where, in countercurrent, the solution is heated by hot 

combustion gases to the temperature necessary for separating MEA from 

CO2. The poor absorbent is subsequently recirculated into the absorber. The 

effectiveness of CO2 elimination as a typical target is 90%; the application 

of processes with efficiency between 50% and 90% can be achieved in a 

well-designed absorber. 

CO2 and water produce carbonic acid that reacts with the amine 

solution in the absorption column, forming chemical compounds 

(carbamate) and resulting in the elimination of CO2 from the gas flow. The 

primary absorption reaction can be written in ionic form, as follows: 

2R-NH2 + CO2 (g) ↔ R-NH3
+
 + R-NH-COO

-
  (1) 

in which R-NH2 represents the amines used in the process. 

In reaction (1) the molecular ratio amine/CO2 is 2 and the protonated 

molecular ratio of amines/CO2 products (carbamates) is 1. Other ratios may 

be used. At high temperatures, the reaction is reversed, releasing CO2 in a 

concentrated form 
[4]

.

 A schematic representation of the entire post-combustion 

technological process is shown in Figure 3 
[5]

.

Figure 3. Post-combustion CO2 capture facility using amines-based solvents 
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Another solvent used successfully in the post-combustion CO2 

capture is the cooled ammonia. An aqueous solution is used with ammonium 

carbonate, under normal conditions of temperature and pressure for CO2 

absorption. The net advantage is the stability of the solution to the traces of 

oxygen or acids from the combustion gases, which leads to the decrease of 

operating and maintenance costs OPEX during the operation of the 

installation. Operation at low temperatures allows even the use of residual 

energy, unavailable for other post-combustion CO2 capture technologies. 

Residual liquid gases and effluents are harmless, i.e. no additional treatment 

facilities are required. 

The reagent used is ammonia, a compound available at any given 

time on the global market from several sources. As the availability of 

reagents influences both filling and replenishing during operation, it is an 

important factor both for the cost of initial investment and for subsequent 

operating and maintenance costs. 

The general chemical reactions associated with the CO2 capture 

technology in the cooled ammonia process are defined in the following 

equations (2) - (4) 
[5]

:

CO2 (g) ↔ CO2 (aq)       (2) 

(NH4)2CO3 (aq) + CO2 (aq) + H2O (aq) ↔ 2(NH4)HCO3 (aq)     (3) 

(NH4)2CO3 (aq) ↔ (NH4)NH2CO2 (aq) + H2O (aq)            (4) 

The chemical reactions in the cooling process of ammonia are all 

reversible, and their direction depends on the pressure, temperature, and 

concentration of the various components, even impurities in the system. At 

low temperature, the equations (2)-(4) are exothermic and thus, the direction 

from left to right requires the elimination/loss of heat from the main process 

to maintain the desired CO2 absorption temperature. At high temperature, 

equations (2)-(4) are endothermic reactions in the right-to-left direction that 

require energy to produce the desired products. 

3. Advantages – disadvantages of integrating the chemical

absorption process into a thermoelectric power plant

The selection of post-combustion CO2 capture technology is based 

on the type of each project that provides for the use of fossil fuels. The site 

will be accounted for, the technological limitations, the specifics of the 

integration, the actual operating program and the possibility of upgrading the 

installations. Obviously, the chosen technology must not be reflected in the 
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increased prices of the energy provided to the final consumer. Current 

research will be quantified at the end of the cost per unit of CO2 tons captured. 

The two methods presented, the post-combustion CO2 capture with 

amines or with cooled ammonia, have different strengths, but also 

inconveniences. 

As prime advantages in the case of amines, we can speak of 

technological advantages: more CO2 captured with more energy efficiency, 

lower chemical consumption due to the low degree of dissolution, effluents and 

less waste, lower corrosion, i.e. installations with longer lifespan, advanced and 

flexible schemes that can adapt to the sense of energy efficiency.   

Another aspect to be considered is economic. Initial investment 

expenses are lower in the case of amines but operating and maintenance costs 

are higher due to the price of chemical sinks solutions. Requiring more 

complex chemicals, additional authorizations and studies are needed. 

In the case of cooled ammonia, it is possible to discuss other 

advantages: low reaction temperature, high CO2 load, higher pressure 

regeneration, impurities resistance and a low price of the reagent. The initial 

financial investments are higher due to the more complex system than in the 

first case but are depreciated over time through lower operating and 

maintenance costs thanks to the more readily procured chemical absorbent, 

ammonia. Still thanks to the type of substance, there are the facility and 

authorization procedures. 

Regarding disadvantages, it is considered: significant energy 

consumption (steam, electricity, cooling water), the complexity of installations 

and implicit costs, increased toxicity of chemical solvents. 

4. Influence of the integration of chemical absorption processes

on the economic indicators of a power plant

Global requirements demand a reduction of global energy 

consumption by 20% by 2020, i.e. energy efficiency, taking into account 

environmental protection laws. In order to have a concrete example, in our 

country, the national energetic system-NES is composed of the technologies 

of the '70, which are at the limit of the operating life. It is, therefore, 

necessary to have a technical and economical vision of clean electricity 

production for the development of NES from the perspective of the years 

2020-2035. 
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New technologies are subject to the regulations of the European 
IPPC Directive, best available technologies-BAT, in full compliance with 
Directive 2010/75/EU on industrial emissions for integrated prevention and 
control of pollution. It is estimated that in the next period, still coal will be 
the basic fuel in the energy field, and for this, the best available BAT will be 
burning spray, burning in the circulating fluidized layer and the cycle 
combined with integrated gasification. 

Theoretical computing models can be designed for investments needed 
to modernize a thermoelectric plant 

[6]
. A proposed theoretical example can be

an electric power plant with 300 MW, which uses post-combustion CO2 
capture by chemical absorption, using three types of solvents: 
Monoethanolamine-MEA, Diethanolamine-DEA and Triethanolamine-TEA, 
in concentrations of 30% each. The CO2 absorption technology can bring 
energy penalties according to the absorbent solution, as follows: 

Table 1. The theoretical model of a power plant with 300 MW 

MEA DEA TEA 

Mass concentration (%) 30 30 30 

L/G Ratio 
(mol liquid/mol gas) 

1,13 2,46 4,79 

Thermal energy 
consumption (GJ/tCO2) 

2,37 2,12 3,61 

NET power (MW) 

No capture CO2 

300 300 300 

 NET power (MW) 

With capture CO2 

231 243 245 

The economic evaluation by using the theoretical model defines the 
cost of electricity as the sum of the cost of capital, operating and 
maintenance costs, as well as the cost of fuel. The costs of transport, storage, 
and monitoring of CO2 emissions have not been taken into account: 

Ctot invested for each solution = Cinv + COperating+Mentenance (5) 

     The cost of investment Cinv for chemical absorption of CO2 
involves expenditure with the cooling and drying system of flue gases and 
the absorption column – direct cost with contact cooler CDCC. Other 
expenses included are the costs of the heat exchanger - CHX, with the solvent 
used - CSOL and the reheating unit - CRB. 

Cinv = CDCC + CHX + CSOL + CRB          (6)
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In turn, intermediate investment costs can be determined using the 

following equations: 

CDCC = 164010∙(QFG /369)
0.6

(7) 

CHX = 492330∙(MS/38)
0.6

(8) 

CSOL = 196350∙(MCO2/26)
0.6

(9) 

CRB = 90∙(MCO2MMEA/56126
)0.6

(10), 

where QFG represents the gas flow in kg/h, MS flow of the mass solvent in 

kg/h, MCO2 the CO2 flow in kg/h, and MMEA the flow of MEA in kg/h. 

In order to approximate capital costs, the Cop+men, from the literature 
[7]

may present a series of estimates according to Table 2.

Table 2. Estimates for the economic assessment of a thermoelectric power plant 

Component Value 

Fixed operating and maintenance costs 12.96€/kW-yr 

Variable operating and maintenance costs 355 €/MWh 

Cost solvent-amine 2100€/tonne 

The service life of the plant 30 yrs 

Annual Operating Duration 8000 h/yr 

Cost amine 5€/tonne CO2 absorbed 

In order to be able to visualize the technological influence on the 

economic indicators of a power plant, it will take as a real example the case 

of a gas turbine plant with combined cycle, from Norway 
[8]

. It has been

redesigned and optimized, including combustion gas recirculation and a 

thermal recovery system of amine, to capture 90% of CO2 in a 30% solution 

of MEA (with low cost). BAT includes gas recirculation, while the state-of-

the-art technology removes gases after passing through the amine solution. 

The performance in the three cases is compared in table 3 
[9]

.

Table 3. Performance evaluation of a power plant with CO2-capture 

No CO2 capture  

Classic power plant 

With CO2 capture 

State-of-the-art 

CO2 Capture 

BAT 

NET output power, MW 413 367 361 

NET electrical efficiency,% 58 49 50 

CO2 Emissions , g/kWh 363 56 60 

Specific costs, $/kW 

* Without the cost of amine

100 132* 143* 
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In tables 4 and 5 are presented the specific technical and economic 

indicators of several types of power stations 
[10], [11]

 and ordering their

economy after the unit cost updated for the lifetime, depending on the 

analysis horizon (2020 or 2030), of scenarios on the evolution of fuel prices 

and the cost of trading tons of CO2. 

Table 4. Ordering after the updated cost of electricity produced in different types of 

technologies functioning in the base, load factor 80-90% 

YEAR 2020 2030 

Power plant type Groups on fossil fuels 

without CCS 

 [Euro/MWh net] 

Groups on fossil fuels 

with CCS 

 [Euro/MWh net] 

Unit Cost of tonnes of CO2,  

Euro/tCO2 

20 Euro 40 

Euro 

40 Euro 60 

Euro 

The price of lignite Min. Max. Min. Min. Max. Min. 

1 Existing groups of 330 MW, 

on lignite, rehabilitated 

54.21 65.38 73.74 - - - 

2 Nuclear groups: 

- gr.3, 4 of 720 MW,

Cernavodă

66.30 66.30 66.30 - - - 

- - group of 1100 MW in a

new plant

- - - 60.84 60.84 60.84 

3 New group - 500 MW with 

overcritical parameters on 

lignite in the country 

71.99 81.32 90.02 91.4 102.99 93.65 

4 New Group - 800 MW on 

gas, combined cycle with 

gas turbines 

84.40 84.40 91.01 91.55 91.55 92.21 

5 New Group - 800 MW with 

overcritical parameters on 

import coal 

91.95 91.95 104.95 118.74 118.74 120.24 

6 Group of 30 MW, steam 

cycle, biomass 

183.06 183.06 183.16 147.56 147.56 147.75 

7 Group of 330 MW, 

rehabilitated with CCS-

Demonstration project
 *)

 

84.62 96 86.72 - - - 

*) 50% of the investment in CCS is not taken into account in the calculation being insured from 

EU non-refundable funds 
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Table 5. Ordering after the updated cost of electricity produced by different types of 
technologies with reduced usage duration or with peak operation, charging factor 15-24% 

Year 2020 
[Euro/MWh net] 

2030 
[Euro/MWh net] 

Unit Cost of tonnes of CO2,  20 Euro/tCO2 40 Euro/tCO2 

1 Group of 1.5 MW Wind power 112.8 102.1 

2 Hydropower plant, peak, and half peak *) 100.7 100.7 

3 Group 200 MW gas turbine with open circuit 
*)

 139.9 145.2 

4 Solar photovoltaic plant 335.5 210.6 

*) Power plant operating in the peak and a half peak area of the electric load curve 

A recent example of investing for the modernization of an energy 
complex in our country is The Energy Complex Oltenia, one of the largest 
national energy producers. For 2018 were planned investments of 665 million 
RON, the largest amount invested in the last three years at the company level 
[12]

. Of the total amount of 665 million RON, the majority will be assigned for
the capital repair of Group no.5 at Rovinari, but also in environmental 
investments, and 160 million RON will be invested in surface mining activity. 
A year ago, 400 million RON were allocated for modernization. 

The EU finances action on climate change in a Member State 
through five European structural and investment funds (ESI funds): the 
European Regional Development Fund (ERDF), the European Social Fund 
(ESF), the Cohesion Fund (CF), the European Fund for Agriculture and 
Rural Development (EAFRD) and the European Maritime and Fisheries 
Fund (EMFF). In addition, other EU financial instruments can promote 
research and development on adaptation to climate change. These include 
the Horizon 2020, the LIFE+ instrument that finances a wide range of 
environmental projects and mitigation and adaptation to climate change (in 
the multiannual financial framework 2014-2020, a dedicated LIFE+ fund for 
Climate change has been created EUR 800 million), and the EU Solidarity 
Fund for natural disasters 

[13] [14]
.

5. Conclusions

Romania needs to integrate into the structures of the European 

Economic Community and harmonize its national energy policy with 

Community rules due to the liberalization of the electricity market, involving 
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competition, technical and economic competitiveness, safety in operation 

and environmental protection. For the period 2013-2020, there is a 

framework for implementing a serious program for modernization of the 

Romanian energy sector. 

Investments in NIP will be able to receive, in the form of grants, an 

important percentage of the value of the investment, thus gaining credibility 

in front of banking institutions and potential investors. 

All anthropogenic activities that take place in the environment 

interact with it, causing a series of changes. As long as they keep under a 

certain limit, nature, through its cyclical processes, manages to compensate 

for the transformations. When overcoming the threshold, imbalances occur 

that can no longer be offset by natural processes with the possibility of 

irreversible environmental change. It is necessary to rethink all economic 

activities in relation to their impact on the environment, by developing even 

a new science, namely, the economy of the environment. 

The concerns of the last 20 years in the field of researchers focused 

on the development of CO2 capture, transport and storage technologies and 

the effort to demonstrate their effectiveness. Carbon dioxide capture and 

storage technology – CCS is a key element of the EU's long-term climate 

policy, being the only technology that allows the continued use of fossil 

fuels. 

The selection of the BAT for CO2 capture is performed according to 

the specifics of the energy activity in development or modernisation. Finally, 

the technology chosen must bring a minimum change in the price of the heat 

and electric energy delivered to the final consumer. 
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