
J Ther Eng, Vol. 8, No. 6, pp. 719–733, November 2022

ABSTRACT

Oxy-combustion technologies are clean energy systems with zero emission; they have great 
potential when considering global warming and climate change. This study presents a detailed 
thermodynamic analysis in terms of energy, environment, and economy. Consequently, 
the results obtained for an oxy-combustion power system are presented in comparison 
with a conventional gas turbine power system. The results are presented as a function 
of the pressure ratio with regard to net power, input heat, system efficiency, sp ec ific fue l 
consumption, equivalence ratio, fuel-air ratio, capital investment cost, fuel cost, oxygen cost, 
total cost, electricity revenue, and net profit. In addition, t he study calculates t he pollutant 
emissions from non-oxy-combustion systems and investigates the environmental costs. 
The pressure ratio for maximum net power has been obtained as 20.8 in the conventional 
gas turbine power system. Similarly, the pressure ratios for maximum net power in oxy-
combustion power cycles with 26%, 28%, and 30% oxygen ratios are 23.3, 27.4 and 29.7, 
respectively. Results from 24% to 30% have been displayed to observe the effect of reactant 
oxygen in the oxy-combustion power cycles. The optimum c y cle c o nditions have been 
determined by calculating the costs of system components, total revenues, and net profits 
at pressure ratios of 10, 20, 30 and 40. Finally, the results reveal the pressure ratio should be 
reduced to minimize the total costs per cycle. For maximum net profit, the pressure ratio in 
a conventional gas turbine power cycle has been calculated as 15.9; similarly, the pressure 
ratios in oxy-combustion power cycles with 26%, 28%, and 30% oxygen ratios have been 
respectively calculated as 12.8, 15.2 and 16.4.
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INTRODUCTION

With the increasing environmental awareness and 
global warming crisis in recent years, increasing the penal-
ties and sanctions for harmful emissions has been placed on 
the agenda, resulting in a concentration of studies on green 
energy systems. Although numerous investments have 
been made in renewable energy systems, these have been 
unable to supply the required energy demand. Therefore, 
transforming fossil fuel energy systems into environmen-
tally friendly ones is imperative because burning fossil fuels 
causes harmful emissions such as nitrogen oxides (NOX) 
and carbon monoxide (CO) and increases greenhouse gas 
emissions into the atmosphere. One of the most important 
technologies that keep the carbon dioxide concentrations 
resulting from combustion at the desired level is oxy-com-
bustion [1]. Obtaining a flue gas with high carbon dioxide 
and almost zero nitrogen using oxy-combustion ensures 
that energy and investment costs in carbon capture and 
storage technology are significantly reduced and carbon 
dioxide is easily captured and stored. Different applications 
are found such as MATIANT, clean energy system (CES), 
Semi-Closed Oxy-fuel Combustion Combined Cycle 
(SCOC-CC), NET Power, and GRAZ cycles that are based 
on oxy combustion. Comparisons of these oxy combustion 
cycles have been made and their advantages are revealed 
through numerical data [2,3]. In addition, thermodynamic 
analysis of oxy-combustion power cycles have been made 
in many studies [4–7], and suggestions have been presented 
for making cycles more efficient using various modifica-
tions [8,9]. Studies have been presented on the different 
conditions and parameters regarding the combustion char-
acteristics of oxy-combustion based systems [10–13]. In 
addition, detailed energy and cost calculations have been 
made on cycle components such as air separation units 
(ASUs), combustion chambers, and carbon capture and 
storage systems [14–20]. In addition, detailed experimental 
and numerical studies have been carried out on the com-
ponents of the latest technological energy systems[21–25]. 
Detailed energy and exergy analyses have been made on 
the thermodynamic characteristics in oxy-combustion. In 
addition, a thermodynamic comparison of oxy-combustion 
and conventional air combustion has also been performed 
[26].

Scaccabarozzi et al. [27] studied the effects of the Allam 
cycle on equipment performance for maximum efficiency, 
optimal cycle parameters, and efficiency. They showed the 
cooling medium temperature, the power consumption of 
the air separation unit, the efficiency of the regenerator, 
and the efficiency of the turbine cooling system to be 
the main factors affecting cycle efficiency. Thorbergsson 
and Grönstedt [28] investigated a comparative analysis 
of two oxy-combustion combined cycles (SCOC-CC 
and Graz). The Graz cycle has a lower pressure ratio at 
optimum efficiency and a much higher power density than 

SCOC-CC. Khallaghi et al. [29] proposed and evaluated 
the feasibility of the staged oxy-fuel natural gas combined 
cycle (SOF-NGCC), which does not require exhaust gas 
recirculation (EGR). SOF-NGCC is less complex than the 
Allam cycle and requires smaller equipment. Kotowicz et 
al. [30] presented a thermodynamic and economic analysis 
of four variants of the supercritical oxy-combustion 
power plant using different ASUs and boilers. Shan et al. 
[31] investigated the effects that different combustion
conditions, oxygen concentrations and working conditions
such as fuels, different pressures, and working fluids have
on the top-blown rotary converter (TBRC) system. They
found the optimum pressure of the Brayton cycle to increase 
with higher concentrations of the combustion oxygen.
System efficiency is similar at 21% O2/N2 conditions and
30% O2/CO2 conditions. Son et al. [32] designed a new
solution by integrating the S-CO2 oxy-combustion system
with concentrated solar energy (CSP). They showed that,
using the proposed concept, fuel consumption is reduced
by 17-38% compared to traditionally separated systems.
Tahir et al. [33] analyzed the characteristics of oxy-fuel
combustion in a porous plate reactor. A modified two-step
reaction kinetics model was included in the simulation to
model methane-air combustion and oxy-fuel combustion.
Simulations were made for different oxidizer ratios, mass-
flow rates, and reactor heights. The results showed that
oxy-combustion with an oxidizer ratio of 0.243 can have
the same adiabatic flame temperature as combustion with
air. Habib et al. [34] compared and examined the two
basic oxy combustion cycles over unmixed combustion
conditions and compared their results in terms of exergy
destruction and first and second law yields. Wimmer [35]
thermodynamically optimized the two high efficiency NET
power cycles and the Graz cycle and compared them at
full load for demonstrating the oxy-combustion potential.
When considering the oxygen supply for the Graz cycle, a
slightly higher efficiency was shown at 53.5% compared to
52.7% for the NET power cycle.

This study makes detailed thermodynamic analyses 
of oxy-combustion power systems using the same system 
components as a conventional gas turbine power system. 
The novelty and originality of the study is its detailed com-
parison of the oxy-combustion power cycle with conven-
tional power plants in terms of energy, environment, and 
economics. The energy, environmental, and economic 
results have been examined in detail through the thermo-
dynamic analysis. The results have been evaluated for very 
significant energy outputs such as net power, input heat, 
general efficiency, specific fuel consumption, equilibrium 
ratio, and fuel-air ratio obtained from the system with 
changes in the pressure ratio. In addition, the economy of 
initial investment costs, oxygen costs, and fuel costs have 
been calculated. Oxy combustion’s positive environmental 
impacts have been shown and the harmful emissions and 
penalties that occur when using conventional gas turbine 

https://www3.epa.gov/region1/airquality/nox.html
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power cycle have been calculated. Also, for oxy-combustion 
power systems, the change in oxygen flow rates during com-
bustion and its effect on energy and economy output have 
been revealed. As a result, total costs, electricity revenue, 
and net profits h ave b een c alculated for c onventional g as 
turbine power cycle and oxy-combustion power cycles at 
26%, 28%, and 30% oxygen ratios. The system components; 
fuel, environment, and oxygen costs; and net profit results 
have been presented for four different cycles at 10, 20, 30, 
and 40 pressure ratios. Thus, all the advantages and disad-
vantages of the oxy-combustion power cycle are displayed 
in comparison to conventional power cycles.

Theoretical Model and Simulation

As seen in Figure 1, conventional gas turbine 
power system and oxy-combustion power system have 
common components with compressor, combustion 
chamber, tur-bine and regenerator / regenerative heat 
exchanger. The only different component is a cooler used 
to separate water in the oxy-combustion power system. 
While there are many 

different combinations of oxy-combustion power cycles, 
the reason for this simplification is to clearly demonstrate 
the comparison with thermodynamic analysis. Detailed 
thermodynamic analyses have been made on the following 
assumptions;

• All gases are considered ideal and enthalpy and spe-
cific heats change with temperature.

• The fuel selected for analyses is natural gas in gaseous
form, containing 92.03% CH4, 5.75% C2H6, 1.31%
C3H8, 0.45% C4H10, 0.46% N2 [31, 32] and combus-
tion is adiabatic [36,37].

• The air supplied for combustion is completely dry and 
contains only 0.21 mol O2 and 0.79 mol N2.

• For the unburned air/oxygen and fuel mixture, the
reactant temperature is equal to the compressor out-
let temperature and the fuel temperature is assumed
to be equal to the ambient temperature.

• Combustion is assumed to occur at a steady state and
the combustion chamber is assumed a well stirred
reactor (WSR) and the primary zone residence time
is assumed to be 0.002 seconds.

Figure 1. (a) Conventional gas turbine power plant diagram and (b) Oxy‐fuel combustion power plant diagram.
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• Compressor and turbine efficiency is 88%.
• In the study, the working fluid has a constant mass

flow rate and a constant turbine inlet temperature.
• Harmful emission damage costs for CO, NOX and

CO2 are taken CCO = 0.02086 $/kg CNOx = 6.853 $/kg
CCO2 = 0.01 $/kg [38–42].

• Electricity price is taken as Cel = 0.15 $ / kWh. [42,43].
• According to Lefebvre, the pressure loss in the com-

bustion chamber varies between 2.5% and 5%. [44].
Therefore, combined pressure loss in the combustion
chamber due to friction, turbulence, and tempera-
ture rise including the pressure loss in the turbine is
assumed to be 4% total.

In order to find the optimum operating performance of 
the systems, a numerical simulation is prepared in Matlab 
software. Pressure, temperature, specific heat, enthalpy 
and entropy values of each component in the plant were 
calculated in order to compare the conventional gas tur-
bine power plant with the oxy-combustion power plant. 
Energy equations of energy systems shown in Figure 1 are 
as follows:

• Compressor
While the compressor outlet temperature changes

according to the pressure ratio, the k values are taken for air 
and CO2, respectively for the conventional gas turbine and 
the oxy-combustion power systems.
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Calculating the compressor work, the cp values are cal-
culated for air and CO2. Cp values change depending on 
temperature.
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• Regenerator/Regenerative Heat Exchanger

 m h h m h hox T r( - ) ( - )3 2 5 6= (4)

Regenerator pressure loss and efficiency are important 
for calculation.

P P Pr3 2 1/ ( )= − ∆ (5)

• Combustion Chamber
In all gas turbine power cycles, the turbine inlet tem-

perature is constant. The reason for this is the turbine 
blades can withstand up to a limiting temperature (1400oC) 
[45]. Also, pressure loss is very important for cycle effi-
ciency. According to [46], preventing 5% pressure loss will 
be as effective as doubling the compression ratio. The total 

pressure loss in the combustion chamber is considered to 
be 4% regarding turbulence, friction and pressure loss at 
the turbine inlet. In order to calculate the thermodynamic 
properties more precisely a combustion model is created. 
The combustion products are calculated as a function of the 
equivalence ratio and temperature, taking into account the 
equilibrium constants. The global chemical equation for the 
combustion model is as follows:
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Here, from χ1 to χ12 represent the number of moles 
for each species. x, y, z, q represent the numbers of carbon, 
hydrogen, oxygen and nitrogen atoms in the fuel, respec-
tively. φ is the overall equivalence ratio. ε is the molar air-
fuel ratio calculated from stoichiometric combustion of 
fuel.
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The basis of Ferguson’s combustion equilibrium 
method is used to find the 12 unknown mole fractions [47]. 
Equations (6) and (9) are needed to solve the mole frac-
tions of combustion products. Six of these are provided 
by the chemical kinetic rates of products. There are four 
more equations obtained from the atomic balance of the 
combustion model in the calculation of equilibrium prod-
ucts. Results are obtained numerical method. The system 
of equations are solved iteratively using Newton Raphson 
and Gauss Seidel methods.  The achievement of the results 
and their validation with the GASEQ and NASA CEA pro-
grams are detailed in the authors’ studies [26,48]. These two 
published publications can be examined for the accuracy 
of the combustion code. The molar specific heat, enthalpy 
and entropy values of each type can be obtained from the 
following expressions by using the curve fitting coefficients 
(a1 ... an) for the thermodynamic properties of (CHON) sys-
tems [49]:
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At constant pressure, as the mole fractions of the mix-
ture change with temperature, the enthalpy of the mixture 
changes due to separations. The final specific heat of the gas 
mixture changes, which is defined as follows:
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Here, the combustion temperature is T (in K). The 
 product molar mass is Mk and the total products molar 
mass is M.
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The total number of moles of products can be found by 
dividing the mass of reactants into the molecular weight of 
the combustion products as follows: Lastly, the number of 
moles y1, y2, y3…y12 are obtained.

N
m
M
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To calculate the combustion chamber outlet 
temperature:

T
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Here, Tpz is the primary zone air temperature, and Tcox 
is the dilution air temperature. In addition, the amount of 
heat generated in the combustion chamber is calculated by 
the following equation:

Q m LHVin f cc=  / (20)
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After obtaining the turbine outlet temperature, Cp, g 
is obtained form detailed calculation of the gas mixtures 
entering the turbine after combustion as in equation (3).


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Net power is found by subtracting the power generated 
in turbine from the power consumed in the compressor:

  W W WNET T C= - (23)

Specific fuel consumption is calculated from the follow-
ing equation:

SFC m W g kWhf NET= ( )3600 1000

/ [ / ]   (24)

Carbon dioxide and water vapor are products in the 
stoichiometric combustion of hydrocarbon fuels such as 
natural gas. In conventional power cycles, less fuel should 
be burned to reduce emissions of carbon dioxide and water 
vapor. In oxy-combustion power cycles, water is sepa-
rated by the cooler and excess carbon dioxide is divirted 
by a valve mechanism at the compressor outlet for stor-
age. Therefore, the carbon dioxide emissions are calculated 
depending on the amount of fuel burned for conventional 
gas turbine power system. [40,41]. Apart from these, two 
other harmful emissions, NOX and CO emissions, are calcu-
lated as suggested by [38,44,50–53]. NOX and CO emissions 
are obtained as EINOx and EICO (grams per kg) using the 
semi-empirical equations given below. In several studies 
these semi-empirical formulas are used to calculate NOX 
and CO emissions [39,54,55]. However, it should be noted 
that unwanted gas emissions are very caustic and specific to 
operating conditions, so they do not give precise results like 
OEM warranties in actual engine measurements. Pollutant 
emissions obtained by thermodynamic simulation analysis 
are included in the economic calculation as environmental 
pollution damage cost.
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Investment, fuel, environmental pollution costs and 
oxygen costs are calculated required for the oxy-combus-
tion cycle with the following equations to make the total 
thermo-economic analysis:

    C C C C CTOT inv fuel env oxy= + + + (29)
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The k components here represent the cost associated 
with Ck capital investment, CRF annual capital recovery 
factor, A maintenance factor, N annual operating hours, 
Cfuel fuel cost, Coxy oxygen costs.

C C C C C Ck com cc tur rej hex cool
k
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= + + + +
=
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The purchasing costs of each component in Equation 
(32) are calculated using the equations in Table 1 used in
[56–60].

Fuel, pollutant cost and oxygen cost are calculated with 
the following equations:



C m c LHV hfuel f fuel=   [$/ ] (33)



  C m c m c m c henv NO NO CO CO CO COX X
= + +

2 2
  [$/ ]  (34)



C m c hoxy oxy oxy=   [$/ ] (35)

The total cost from the systems electrical energy rev-
enue are subtracted, calculating the net profit:

  C C CPROFIT SALE TOT= - (36)

RESULTS AND DISCUSSION 

The results from the thermodynamic analyses of con-
ventional gas turbine power system and oxy-combustion 
power systems in terms of energy, environment, and econ-
omy are presented in Figures 2 to 11. Net power, efficiency, 
input heat, specific fuel consumption, equivalence ratio, 

fuel air ratio, harmful emissions and costs, investment 
costs, fuel costs, total cost, and profit costs have been cal-
culated with respect to various pressure and oxygen ratios, 
and the results are shown in the figures.

Figures 2a and 2b show the effects changes in pressure 
and oxygen ratios have on the heat added to the system 
and net power. As seen in Figure 2a, the net power gener-
ated from the system increases rapidly up to 20.8 (PR) in 
conventional gas turbine power systems. A slight decrease 
occurs after the peak point of maximum net power. These 
results are similar in the oxy-combustion power systems. In 
oxy-combustion power systems, the decrease after the peak 
point is less than that in conventional gas turbine power 
systems. The maximum net power obtained in oxy-com-
bustion power systems is 23.3, 27.4 and 29.7 for the peak 
points in 26%, 28%, and 30% oxy-combustion power sys-
tems, respectively. In terms of net power produced, better 
results are seen to be obtained in conventional gas turbine 
power systems compared to oxy-combustion power systems 
for pressure ratios above 10. For pressure ratios between 4 
and 10, the 26% oxy-combustion power system is seen to 
produce more net power. Additionally, conventional gas 
turbine power systems show better results in terms of heat 
added the system than the 26% oxy-combustion power 
at pressure ratios up to 8. Similarly, the conventional gas 
turbine power system shows better results in terms of heat 
added the system than the 28% oxy-combustion power at 
pressure ratios up to 28.3. The 30% oxy-combustion power 
system always adds less heat to the system than conven-
tional gas turbine combustion. Although the conventional 
gas turbine power system is more advantageous in terms 
of power obtained, it is disadvantageous in terms of heat 
added. As can be seen in Figure 2b, the heat added in 
the oxy-combustion power cycle is seen to decrease with 
increases in the pressure and oxygen ratios. The net power 
obtained by increasing the oxygen ratio in oxy-combustion 
power systems was determined to decrease. In addition, as 
the pressure ratio increases from 15 to 30, these decreases 
are seen to lessen.

Figures 3a and 3b show the effects of changes in pres-
sure and oxygen ratios on system efficiency and specific 
fuel consumption. As seen in Figure 3a, the overall effi-
ciency of the system increases with increases in the pres-
sure ratio and decreases in the specific fuel consumption. 
Conventional gas turbine power systems are better than the 
28% oxy-combustion power cycle at pressure ratios up to 8. 
The reason for this is that, although the net power obtained 
from conventional gas turbine power systems is high, the 
heat added to the system is also high. The 30% oxy-combus-
tion power cycle up to pressure ratios of 35.3 has the best 
performance in terms of efficiency. In terms of specific fuel 
consumption, the conventional gas turbine power system 
consumes more than the oxy-combustion power systems 
up to the 9.3 pressure ratio. When the pressure ratio exceeds 
33.2, the conventional gas turbine power system has a lower 

φ



J Ther Eng, Vol. 8, No. 6, pp. 719–733, November 2022 725

Table 1. Cost parameters

Components Investment cost function ($) Cost parameters updated to year 2022
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specific fuel consumption than the three oxy-combustion 
power systems. Figure 3b shows the oxy-combustion power 
cycles efficiency to increase with increases in oxygen and 
pressure ratios. Also, increasing the oxygen and pressure 
ratios decreases specific fuel consumption.

As can be seen, Figure 4 demonstrates cycle perfor-
mances with respect to the net power and efficiency, two 
important outputs for a system. Thus, power cycles with 
26% oxy-combustion are shown to be advantageous in 
terms of net power. In addition, power cycles with 30% oxy 
combustion are shown to be more advantageous in terms of 
efficiency. The general performance map of the systems has 
been obtained from Figure 4. The power cycle is selected 
according to the desired output.

Figures 5a and 5b show the effect variations in pressure 
and oxygen ratios have on the equivalence and fuel-air (FA) 
ratios. As can be seen in Figure 5a, as the pressure ratio 
increases in both conventional gas turbine power system 

Figure 3. (a) Change of heat added and net power with 
pressure ratio for various oxygen fractions, (b) Change of 
heat added and net power with oxygen ratio for various 
pressure ratio.

Figure 2. (a) Change of heat added and net power with 
pressure ratio for various oxygen fractions, (b) Change of 
heat added and net power with oxygen ratio for various 
pressure ratio.

Figure 4. Change of net power and efficiency with pressure 
ratio for various oxygen fractions.
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and oxy-combustion power systems, the equivalence ratio 
decreases. The equivalence ratio decrease is greater in con-
ventional gas turbine power systems than in oxy-combus-
tion power systems. A decrease in the equivalence ratio 
causes lower fuel consumption for the constant working 
fluid. Similarly, the FA ratio decreases with increases in the 
pressure ratio. For oxy-combustion power systems, the FA 
ratio is calculated using the oxidant that provides combus-
tion instead of air. While a parallel exists in the decrease 
in the FA ratio in oxy-combustion power systems, the 
conventional gas turbine power systems’ slope for the FA 
ratio decrease is greater. Figure 5b shows increases in the 
oxygen ratio to steadily decrease both the FA and equiva-
lence ratios. No significant difference has been found when 
increasing the pressure ratio from 15 to 30.

Figure 6 shows NOX and CO emissions per kg of fuel 
with respect to the pressure ratio for the conventional 

Figure 5. (a) Change of equivalence ratio and FA ratio with 
pressure ratio for various oxygen fractions, (b) Change of 
equivalence ratio and FA ratio with oxygen ratio for various 
pressure ratio.

Figure 6. Change of EINOx and EICO with pressure ratio 
for conventional gas turbine power cycle.

Figure 7. (a) Change of capital investment cost, 
environmental/oxygen cost and fuel cost with pressure 
ratio for various oxygen fractions, (b) Change of capital 
investment cost, environmental/oxygen cost and fuel cost 
with oxygen ratio for various pressure ratio.
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gas turbine power system. Oxy-combustion power cycles 
appear to be a green energy system. Oxy-combustion power 
cycles prevent the release of harmful emissions such as NOx 
and CO into the environment. In addition, the H20 released 
after combustion is separated using a water separator. The 
release of highly harmful global-warming emissions such 
as CO2 is prevented by storing it within oxy-combustion 
power systems. Assuming that approximately 2.45 kg of 
CO2 [40,41] is produced per kg of natural gas, how impor-
tant using oxy-combustion power systems is for produc-
ing energy without harming the environment can be seen. 
Economic costs can be recovered in the future; however, 

the environmental damage is something from which the 
world cannot recover. For this reason, the importance of 
oxy-combustion power systems will increase in the search 
for zero-emission systems with the new harmful emission 
penalty rules that will come into effect in the coming years. 

Figures 7a and 7b show the effect various pressure and 
oxygen ratios have on capital investment cost, environ-
mental/oxygen cost, and fuel cost. Figure 7a shows capital 
investment costs to increase as the pressure ratio increases. 
The components common to the conventional gas turbine 
power system and oxy-combustion power system are the 
compressor, regenerator, combustion chamber, and tur-
bine. Oxy-combustion power systems have a difference in 
the capital investment cost due to the use of a cooler. When 
examined with respect to the pressure ratio, the total emis-
sion costs (NOx, CO, and CO2) continue to increase slightly 
after the initial decrease because the NOx and CO formations 

Figure 8. (a) Effect of pressure ratio and oxygen ratio on 
capital investment with different system components cost.  
(b) Effect of pressure ratio and oxygen ratio on total cost
with different investment, fuel, and environmental/oxygen
costs.

Figure 9. (a) Change of total cost and sale cost with pressure 
ratio for various oxygen fractions, (b) Change of total cost 
and sale cost with oxygen ratio for various pressure ratio.
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have opposing ratios, as shown in Figure 6. In the fuel cost 
analysis, fuel consumption decreases with increases in the 
pressure ratio when keeping the turbine inlet temperature 
constant. Fuel consumption in conventional gas turbine 
power systems is higher than in oxy-combustion power 
systems. However, this result changes as the pressure ratio 
increases. Only the 30% oxy-combustion power cycle has 
consistently lower fuel costs than conventional gas tur-
bine power cycles. Figure 7b shows the capital investment 
cost to remain constant while increases in the oxygen ratio 
increase the investment cost. In addition, increasing the 
pressure ratio from 15 to 30 does not change the oxygen 
cost. In addition, fuel costs decrease with increases in both 
the oxygen and pressure ratios in oxy-combustion power 

cycles. Figure 8a shows the capital investment costs for 
the system components at four different pressure ratios. 
Increases in the pressure ratio result in almost no change in 
cost for the combustion chamber, regenerator/regenerative 
heat exchanger, or cooler, while considerably increasing 
the costs for the compressors and turbines. As the pressure 
ratio increases, the number of blades and stages increase, 
and due to the high cost of compressor and turbine blades, 
their investment costs increase dramatically. Figure 8b 
shows the total cost for the components of power systems at 
four different pressure ratios, thus showing how the invest-
ment, fuel, environment, and oxygen costs affect the total 
cost of the system.

Figures 9a and 9b show the effect changes in the pressure 
and oxygen ratios have on total cost and electricity revenue. 
Figure 9a shows total costs to decreasing with increases in 
the oxygen ratio from 26% to 30% in oxy-combustion power 
systems. These values practically   balance each other out in 
the total cost calculation. Thus, the total cost is almost the 
same for each of the oxy-combustion power cycles at the 
three different oxygen ratios. In addition, the total cost of 
a conventional gas turbine power cycle is on average $150 
per hour less expensive than oxy-combustion power cycles. 
Electricity revenue is related to the net power obtained from 
the systems. The more power that is obtained, the more that 
is gained from electricity revenue. Therefore, Figures 9a and 
9b show revenue to be related to net power. Increasing the 
pressure and oxygen ratios have the same effect. The total 
cost decreases slightly as the rate of oxygen increases. In 
oxy-combustion power cycles, the total cost increases as the 
pressure ratio increases from 15 to 30.

Figures 10a and 10b show the effect that variations 
in the pressure and oxygen ratios have on net profit. Net 
profit is obtained when the total cost is subtracted from 
the electricity revenue. The most important result from an 
economic system analysis is net profit. System selection is 
made according to the profit obtained because net profit 
is calculated using many parameters. Net profit is calcu-
lated using costs for power, efficiency, equivalence/FA ratio 
and fuel consumption, capital investment of the system 
components, and fuel/environment/oxygen. According to 
the results, the net profit for the conventional gas turbine 
power cycle increases rapidly up to a pressure ratio of 15.9 
and then decreases. For the oxy-combustion power cycles 
with 26%, 28% and 30% oxygen ratios, net profit peaks at 
12.8, 15.2, and 16.4 pressure ratios, respectively. Figure 
10a shows the maximum and optimum points with the 
pink line. As a result, the maximum net power occurs at 
the 20.8, 23.3, 27.4, and 29.7 pressure ratios, respectively 
when examining the system thermo-economically, while 
the points of optimum profit vary. When performing a sys-
tem performance analysis, analyzing a system only in terms 
of energy may give incorrect or incomplete results when 
studying of power cycles. Therefore, energy, environmental, 
and economic aspects should be fully considered. As can 

Figure 10. (a) Change of total profit with pressure ratio for 
various oxygen fractions, (b) Change of total profit with 
oxygen ratio for various pressure ratio.
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be seen, Figure 11 displays the revenue, total cost, and net 
profit results obtained for the 10, 20, 30, and 40 pressure 
ratios for the power cycles. Thus, all economic results are 
shown when comparing the systems. Before constructing a 
power plant, these figures should be drawn at the optimum 
pressure ratio with respect to what is desired to be selected 
while considering all the parameters and factors.

CONCLUSION

In this study, the thermodynamic analyses of the con-
ventional gas turbine power cycle and environmentally 
promising oxy combustion power cycle are done. In ther-
modynamic analyses, energy, environment and economic 
aspects are examined in detail. Parametric analyses results 
are obtained for pressure ratios from 4 to 40 and oxygen 
ratios ranging from 24% to 30%.

• With the increase in the pressure ratio, the net power
increased rapidly in both the conventional gas turbine 
power cycle and the oxy combustion power cycles,
and after reaching a peak, it decreases slightly. The
pressure ratio at maximum net power is 20.8 for con-
ventional gas turbine power cycle. The peak points
in oxy-combustion power cycles with 26%, 28% and
30% oxygen ratio are 23.3, 27.4 and 29.7, respectively.
The net power output decreased with increasing oxy-
gen ratios. The heat added in all cycles decreased with 
the increase of both the pressure ratios and the oxy-
gen ratios.

• System efficiencies increased with both the pres-
sure ratios and the oxygen ratios increased, since
the increase net power is greater than the increase

in heat addition. On the other hand, the specific fuel 
consumption decreased with increasing the pressure 
ratios and the oxygen ratios.

• With increasing the pressure ratios and the oxygen
ratios, the corresponding equivalance ratios and
the fuel-air ratios decreased for a constant working
fluid.

• Using oxy-combustion cycles less NOx and CO emis-
sions released, around 3-6.5 g/kg fuel and 2-135 g/kg
fuel, respectively. On the other hand, in oxy-combus-
tion pure oxygen instead of air, resulting increase in
costs by 183 $/h, 198 $/h and 213 $/h, respectively for
%26, %28 ve %30 oxygen ratios.

• The increase in the pressure ratios increased the capi-
tal investment cost of the facility, while the increase in 
the oxygen ratios is not affected. Increasing the pres-
sure ratios and the oxygen ratios reduced the fuel cost
of the system for the constant working fluid.

• It is concluded that, the total cost of conventional gas
turbine power cycle is less than the oxy-combustion
power cycle. Also, it has been seen in the most profit-
able system in terms of net profit. Because the elec-
tricity revenue of the conventional gas turbine power
cycle is greater than the oxy-combustion power cycle.

• Although the total cost in oxy-combustion power
cycles is almost equal, the resulting electricity reve-
nues are greater than the rest in oxy-combustion with
26% oxygen. As a result, in terms of total profit power
cycles with oxy-combustion systems can be arranged
from highest to lowest with 26%, 28% and 30% oxy-
gen ratios, respectively.

• System component costs, investment/fuel/environ-
ment/oxygen costs, total cost, revenue and net profit
results were presented for all power cycles at four dif-
ferent pressure ratios (10, 20, 30 and 40).

Oxy-combustion power cycles have higher cost com-
pared to conventional gas turbine power cycles currently. 
However, it will become more popular due to the decreas-
ing cost of pure oxygen with the developing technologies 
and increasing environmental sensitivities in the following 
years. Advanced technology systems studies will be carried 
out with economic oxygen production systems.
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NOMENCLATURE 

a mole number of reactant O2
b mole number of reactant CO2

Figure 11. Effect of pressure ratio and oxygen ratio on total 
cost, sale cost and total profit.
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c mole number of reactant N2
C cost
CC combustion chamber
E energy
FA fuel/air ratio
h specific enthalpy (kJ/kg)
LHV lower heat value
N total number of moles of species
NG natural gas
OEM original equipment manufacturer
Pr pressure ratio
s specific entropy (kJ/kg K)
SFC specific fuel consumption
T temperature (K) 
V volume
X total number of carbon atom
Y total number of hydrogen atoms
Z total number of oxygen atoms
Q total number of nitrogen atoms
W power

Greek symbols
α mole fraction
ε molar air-fuel ratio
Φ equivalence ratio
χ number of moles of exhaust species

Subscripts
a air
ady adiabatic
c compressor
cc combustion chamber
env enviromental
f fuel
fu fluid or oxidant
in inlet
inv investment
k exhaust species
net net
p pressure
pz primary zone
r reactants
ox oxidant
oxy oxygen
s stoichiometric
wf working fluid
t turbine
x number of carbon atoms
y number of hydrogen atoms
z number of oxygen atoms
q number of nitrogen atoms
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