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ABSTRACT 

Oxy-combustion technologies are green energy systems and an impressive solution to climate change and 

global warming. This study presents a detailed exergy analysis obtained for oxy-combustion power systems in 

comparison with a conventional gas turbine power system. The results include net power, overal thermal efficiency, 

exergy destruction, exergy efficiency, power density, exergetic performance coefficient (EPC), ecological performance 

coefficient (ECOP), effective ecological power density (EFECPOD), and mean exergy density (MED), and cost of 

power density (COPD), which are calculated as functions of pressure and oxygen ratios. The conventional gas turbine 

power system obtained a pressure ratio for maximum net power of 20.8. Similarly, oxy-combustion power cycles at 

26%, 28%, and 30% oxygen ratios have respective pressure ratios for maximum net power of 23.3, 27.4, and 29.7. 

Results from 24%-30% oxygen ratios are displayed to show the reactant oxygen’s effect on the oxy-combustion power 

cycles. Increases in the pressure ratio show decreases in the total exergy destruction in both the conventional gas 

turbine power system and the oxy-combustion power systems. Meanwhile, increases in the pressure ratio show 

increases in the total efficiency, power density, exergy efficiency, EPC, EFFECPOD, and MED in both the 

conventional gas turbine and the oxy-combustion power systems. In addition, increases in the oxygen ratio in the oxy-

combustion power systems show different characteristics for these parameters based on the pressure ratio of the cycle. 

In terms of COPD, conventional gas turbine power systems are more advantageous than oxy-combustion power 

systems. Optimum COPD is obtained at a pressure ratio of 25.6. 

 

Keywords: Thermodynamic analysis; Oxy-combustion cycle; Clean energy ECOP; EFECPOD; Exergy 

density. 

 

INTRODUCTION 

As in the past, the most important tools needed in modern times for sustaining life are undoubtedly fire, air, 

soil, and water. Energy is a magnitude preserved in the universe based on these four elements. In other words, when 

we produce energy using any source, we reveal the substances that exist in it and interact with other. [1] Fossil fuels 

have been came into our lives as the primary energy production source alongside the Industrial Revolution and are 

among the most frequently used resources for meeting the ever-increasing energy needs of today. According to data 

from the International Energy Agency, the ever-increasing global amount of CO2 is a major problem, despite 

decreasing from 33.4 GT (gigatonnes) to 31.5 GT from 2019 to 2020 due to the decreases in movement and industrial 

production from the COVID-19 pandemic [2]. More environmentally friendly and efficient systems are being designed 

with the developments in technology, but thousands of energy production facilities still use older technologies that 

have both negative effects on the environment and work inefficiently. One of the technologies that will provide this is 

Carbon Capture Utilization and Storage (CCUS) systems [3]. The captured CO2 can be transported as compressed gas 

or liquefied. Although both natural and human-built areas are used for storage purposes, storage in salt water aquifers 

is more appropriate in terms of both cost and ecology [4]. The released or stored CO2 is generally used in places such 

as refrigeration plants or the food industry [5]. Carbon capture processes and technologies can be generally evaluated 
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in three classes. [6]. In addition to the practice of these three methods, capture and membrane separation carbon capture 

technologies are also found using solvents, sorbents, cooling, chemical cycles, and biological organisms [7]. 

Oxy-fuel combusiton processes can be applied in metal, glass, and ceramic production facilities as well as 

incineration plants and thermal power plants, which generally supply higher heat and power needs [8]. In oxy-fuel 

combusiton processes, the normal air supplied to the system in the combustion chamber is replaced by oxygen-enriched 

air with a higher O2 concentration. The concentration of CO2 increases in the gases released as a result of the oxy-fuel 

combustion, and even if used with pure O2, only CO2 and H2O are produced. In this way, the intense CO2 released can 

be easily captured and stored [9]. A large proportion or even complete capture of the produced CO2 allows CCUS 

systems to operate more efficiently and economically. Increasing the concentration of oxygen also increases NO and 

SO2 emissions while reducing unburnt fuel as well as carbon monoxide (CO) and NO2 emissions. High oxygen content 

also improves the combustion efficiency for both combustion atmospheres [10]. 

In addition to these, CCUS has many advantages such as reducing fuel costs while increasing plant efficiency, 

enabling other harmful particles to be filtered with modifications, being competitive compared to other carbon capture 

technologies, and having a smaller combustion chamber compared to air combustion [11]. Despite the advantages 

mentioned above, CCUS has disadvantages such as higher investment and operating costs, constraints of storage 

conditions, difficulties in transporting the stored CO2, failure to ensure sustainablity in CO2 supply, and non-continuous 

regional policies that have prevented its application from spreading [12]. 

In this context, many articles, papers, reports, and patents are found related to carbon capture technologies 

and oxy-fuel combustion processes. According to Scopus data, 2,880 studies have been conducted under the topic of 

oxy-combustion, with the trend increasing between 1985-2021; oxy-combustion has also received more than 40,000 

references. 

Maximizing the thermal efficiency or power produced in thermal systems is neither a sufficient nor realistic 

criterion on its own. The reason for this is the uncertainty of the size or dimension of the thermal system providing the 

demanded power or thermal load. For this reason, evaluating a thermal systems by including the produced power and 

thermal efficiency specifications as well as the dimensions of the system in the objective functions will provide more 

realistic approaches. For this purpose, Sahin et al. [13] has proposed the power density criteria addressing the system 

dimensions and performance within the constraints of the first law of thermodynamics and defined as the ratio of the 

power generated to the maximum volume in a Brayton cycle. However, optimization indicative of the maximization 

of this function have been performed for such power cycles as the Carnot [14–16], Brayton [17–21], dual [22,23], 

Atkinson [24,25], and diesel [26] systems in recent years. Studies have investigated the effects design and 

irreversibility parameters have on performance criteria. In general, the obtained results were compared with the data 

under maximum power conditions, which show the maximum power density conditions to be more advantageous in 

terms of efficiency and size. As a result, more applicable results can be obtained when the advantages, disadvantages, 

and investment costs are considered together. 

The exergetic performance criterion (EPC) provides information on how a system or companent utilizes its 

useful work potential or exergy and is defined as the total exergy output per unit loss rate. The aim is to have the EPC 

value in a power cycle or a component be at its maximum. In this context, EPC analyses have been carried out for 

regenerative gas turbine cogeneration [27], dual-cycle cogeneration [28] and dual-Miller cycle cogeneration [29] 

systems that take irreversibilities or losses into account. In general, the results show the conditions where the EPC 

value is at its maximum to be more advantageous in terms of entropy production rate, exergy efficiency, and initial 

investment cost while having lower exergy output than the maximum values of the dimensionless ecological function 

and the dimensionless total exergy output. Along with power cycles and their companents, EPC has also been applied 

to different types of refrigerantion cycles [30–33]. 

The ecological performance coefficient (ECOP) criterion, which uses the outputs of both the first and the 

second laws of thermodynamics together and provides information about both the performance and the ecological 

effects of the system, is another important criterion this study examines.  Ust [34–36] proposed the objective function 

as being the power generated per entropy generation in heat engines instead of as an ecological function [37]. Many 

optimization studies have been carried out using the ECOP criterion, some of which are given below. In this context, 

many optimization studies have been carried out for Otto [38], Carnot [39], diesel with various modifications [40–42], 
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dual [43], dual-Atkinson [44], Braysson [45], organic Rankine [46], Ericsson [47], and Brayton power cycles with 

different characteristics  [48–53] that take the losses and irreversibilities in the system into account. These studies are 

generally conducted as parametric studies according to the design and irreversibility parameters of the cycles. The 

literature shows the applicability of ECOP to have been examined and the results compared with those from the 

maximum power output criterion as well as other ecological performance criteria. The results show significant 

advantages to have been achieved in terms of entropy generation and thermal efficiency in cycles operating under 

maximum ECOP conditions albeit with some decrease in power output. The applications of the ECOP criterion as well 

as power cycles for ideal and real refrigeration cycles [54–60] and heat pumps with different numbers of source 

temperatures [61–63] have been brought to the literature. 

Another important criterion describing the relationship between size and power output is the effective 

ecological power density criterion (EFECPOD). Gonca [64] first proposed this criterion for the Brayton power cycle. 

Moreover, commonly used power cycles such as reheated and intercooled Brayton cycles with variable specific heat 

[65–67], combined gas-steam [68], combined gas-mercury-steam [69], combined dual-Miller-Rankine [70], and diesel 

cycles [71] have also been analyzed and the effects of design parameters on performance criteria investigated. 

Generally, the results show that using EFECPOD during the design phase allows more realistic inferences. 

Another criterion this study will examine is mean exergy density (or mean cycle pressure; MCP), which gives 

the net exergy output per unit volume change. Karakurt [72] proposed this criterion, which considers the relationship 

between dimension and performance together, and applications for diesel, Otto, and Atkinson power cycles [73] and 

Brayton power cycles [74] have been implemented within this scope. Studies have generally found the thermal 

efficiency value to be 1-2% higher and the net specific work to be around 10-12% higher under the conditions where 

the MCP value is at its maximum. However, smaller systems can be designed under the same conditions by optimizing 

the MCP value. 

This study discusses the effects the oxygen density and pressure ratio have on exergy efficiency, power density 

(PD), EPC, ECOP, EFECPOD, MED, and COPD, which all evaluate performance, size, and economic outputs 

together, in oxy-combustion processes. Thus, the advantages and disadvantages of the oxy-combustion system 

compared to the conventional gas turbine power system are revealed. The lack of comparative studies based on so 

many different criteria for oxy-fuel combustion processes in the literature has been the main motivation for this study. 

Thus, the shortcomings of environmentally friendly oxy-combustion power systems will be seen. It will be used as a 

guide for future studies. 

 

THEORETICAL MODEL AND SIMULATION 

 

As seen in Figure 1, the conventional gas turbine power system and oxy-combustion power systems have 

common components (i.e., compressor, combustion chamber, turbine, and regenerator / regenerative heat exchanger). 

The only different component is a cooler used to separate water in the oxy-combustion power systems. While many 

different combinations are possible for oxy-combustion power cycles, the reason for this simplification is to clearly 

demonstrate the comparison through a thermodynamic analysis. Detailed thermodynamic analyses have been made 

based on the following assumptions: 

• All gases are considered ideal; enthalpy and specific 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; combustion is adiabatic [75,76]. 

• 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 outlet 

temperature and the fuel temperature is assumed to be equal to the ambient temperature. 

• Combustion is assumed to occur at a steady state, the combustion chamber to be a well-stirred reactor (WSR), 

and the primary zone residence time to be 0.002 seconds. 

• Compressor and turbine efficiency is 88%. 

• The study’s working fluid has a constant flow and a constant turbine inlet temperature. 
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• According to Lefebvre, the pressure loss in the combustion chamber varies between 2.5% and 5% [77]. 

Therefore, combined pressure loss in the combustion chamber due to friction, turbulence, and temperature 

rise including the pressure loss in the turbine is assumed to be 4% in total. 

•  

 
Figure 1. Conventional gas turbine power plant diagram (a) and oxy‐fuel combustion power plant diagram 

(b). 

In order to find the optimum operating performance of the systems, a numerical simulation has been prepared 

using Matlab software. With this Matlab code, much faster and more accurate results have been obtained 

parametrically. The pressure, temperature, specific heat, enthalpy, and entropy values for each component in the plant 

have been calculated in order to compare the conventional gas turbine power plant with the oxy-combustion power 

plant. The energy equations of the energy systems shown in Figure 1 are as follows: 

• Compressor 

The compressor outlet temperatures vary according to the pressure ratio; the k value has been taken for air in 

the conventional gas turbine system and for CO2 in the oxy-combustion power system. 

k-1

k
2 1

c

1
T =T 1+ Pr -1

η

  
   

                                                               (1) 

( )C ox p 2 1W =m c T -T
                                                                  (2) 

Calculating the compressor work, the cp values are calculated for air and CO2. The cp values vary based on 

temperature. 

2 3 4

p,g 1 2 3 4 5 uc (T)= a +a T+a T +a T +a T R                                           (3) 
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• Regenerator/Regenerative Heat Exchanger 

ox 3 2 T 5 6 rm (h -h )=m (h -h )η
                                                       (4) 

Regenerator pressure loss and efficiency are important for calculation. 

3 2 rP /P =(1-ΔP )
                                                            (5) 

• Combustion Chamber 

The turbine inlet temperature remains constant in all gas turbine power cycles. The reason for this is the 

turbine blades can withstand temperatures up to (1,400º C) [78]. Also, pressure loss is very important for cycle 

efficiency. According to Richards [79], preventing a 5%-loss in pressure is 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 losses at the turbine inlet. A combustion model has been created for calculating the thermodynamic properties 

more precisely. The combustion products are calculated as a function of the equivalence ratio and temperature by 

taking into account the equilibrium constants. The global chemical equation for the combustion model is as follows: 

k=n

k xk yk zk qk 2 2 2 1 2 2 2 3 2

k=1

4 2 5 6 2 7 8 9 10 11 2 12 2

εφ m (C H O N ) + aO  + bCO + cN χ CO  + χ H O + χ N

+ χ O  +  χ CO +  χ H  + χ H  +  χ O  +  χ OH + χ NO + χ HO  + χ NO

⎯⎯→

       (6) 

Here, Χ1 to X12 represent the number of moles for each species, and x, y, z, and q represent the number of 

carbon, hydrogen, oxygen, and nitrogen atoms in the fuel, respecively. Here, φ is the overall equivalence ratiom, and 

ε is the molar air-fuel ratio calculated from the stoichiometric combustion of fuel. 

s

FA
f=

FA
                                                                        (7) 

4a
ε=

4X+Y-2Z                                                                              (8) 

Ferguson's combustion equilibrium method has been used as the basis for finding the 12 unknown mole 

fractions [80]. Equations 6 and 9 are needed to solve the mole fractions for the combustion products. Six of these are 

provided by the chemical kinetic rates of products. Four more equations have been obtained from the atomic balance 

of the combustion model in calculating the equilibrium products. The results have been obtained numerically. The 

system of equations has been solved iteratively using Newton-Raphson and Gauss-Seidel methods. The achieved 

results and their validation using the programs GASEQ and NASA CEA are detailed in the authors’ studies [81–83]. 

The molar specific heat, enthalpy, and entropy values for each types can be obtained from the following expressions 

using the curve-fitting coefficients (a1 ... an) for the thermodynamic properties of carbon, hydrogen, oxygen, and 

nitrogen (CHON) systems [84]: 

2,k 3,k 4,k 5,k 6,k2 3 4k
1,k

u

a a a a ah
=a + T+ T + T + T +

R T 2 3 4 5 2
                                   (9) 

p,k 2 3 4

1,k 2,k 3,k 4,k 5,k

u

c
=a +a T+a T +a T +a T

R
                                  (10) 

0
3,k 4,k 5,k2 3 4k

1,k 2,k 7,k

u

a a as
=a lnT+a T+ T + T + T +a

R T 2 3 4
                               (11) 

At constant pressure, temperature-based changes in the mole fractions of the mixture cause the enthalpy of 

the mixture to change due to separations. The final specific heat of the gas mixture also changes as defined below: 

 
12

k k

k=1

1
h= α h kJ/kg

M


                                                                  (12) 
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( )
n

ou
k k k

k=1 0

R P
s= α s -lnα -ln

M P

  
  

  


                                                  (13) 

g

12
k k k k k k

p 2
k=1P

α h h α α hh M
=c = + -

T M T M T M T

   
 
    


                                          (14) 

g k

12
k

p k p k T

k=1P

αh 1
=c = α c +h -hM

T M T

   
       


                                       (15) 

12
k

T k

k=1

αM
M = = M

T T



 


                                                    (16) 

Here, the combustion temperature is T (in Kelvin). The product molar mass is Mk,, and the total products molar 

mass is M. 

12 12

k k k

k=1 k=1

M= m = α M 
                                                             (17) 

The total number of moles in the products can be found by dividing the molecular weight of the combustion 

products by the mass of the reactants as follows, resulting in the number of moles y1, y2, y3…y12 being obtained. 

Rm
N= ν =y N

M
k k

                                                           (18) 

To calculate the combustion chamber outlet temperature: 

pz p ox cox p,cox cox

e

p ox p,cox cox

T c m +T c m
T =

c m +c m
                                                    (19) 

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 using the following equation: 

in f ccQ =m LHV/η
                                                       (20) 

• Turbine 

g

g

1-k

k
4

5 4 T

5

P
T =T 1-η 1-

P

  
   
   
                                                           (21) 

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. 

( )T T p,g 4 5W =m c T -T
                                                      (22) 

2 3 4

p,g 1 2 3 4 5 uc (T)= a +a T+a T +a T +a T R                                  (23) 

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

compressor: 

NET T CW =W -W
                                                (23) 

System efficiency is calculated from the following equation: 

net inη=W /Q
                                                                     (24) 

Exergy is obtained with the physical exergy, chemical exergy, kinetic exergy and potential exergy. Kinetic 

exergy and potential exergy are assumed to be negligible. Physical exergy is defined as the maximum theoretical useful 
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work obtained as a system interacts with an equilibrium state. The chemical exergy is associated with the system’s 

chemical composition departing from its chemical equilibrium. Chemical exergy is an important part of exergy in 

combustion processes. The exergy equation can be written as follows: 

Q i o W D

i o

EX + EX = EX +EX +EX 
   (25) 

Table 1. Exergy destruction and exergy efficiency functions of system components 

Components Exergy Destruction Exergy Efficiency 

Compressor  

 

 

D,com com i oEX =W +E -E
 

 

 

 

o i
ex,com

com

E -E
η =

W
 

 

 

Combustion Chamber  

 

D,cc i f,cc oEX =E +E -E
 

 

o
ex,cc

i f,cc

E
η =

E +E
 

Turbine  

 

 

 

D,tur i o turEX =E -E -W
 

 

 

tur
ex,tur

i o

W
η =

E -E
 

Heat Exchanger/
Regenerator  

 

D,r i,1 i,2 o,1 o,2EX =E +E -E -E
 

 

i,1 o,1

ex,r

i,2 o,2

E -E
η =

E -E
 

 

Cooler and 
Water Separator  

 

D,cool i o outEX =E -E -E
 

 

out
ex,cool

i o

E
η = 1-

E -E

 
 
   

 

0
Q i

i

T
EX = 1- Q

T

 
 
                                                                (26) 

WEX =W
                                                                       (27) 

ph chex=ex +ex
                                                                (28) 

( ) ( )ph k 0 0 k 0ex = h -h -T s -s
                                                       (29) 
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k

ch k Ch 0 k kex =x ex +RT x lnx                                               (30) 

One of the most important performance criteria for power systems is power density, definable as the ratio of 

produced power to the maximum volume of the system. It was first proposed by Sahin et. al. [13] for an endoreversible 

Carnot heat engine. Maximizing the power density gives an approach to the most appropriate engine with respect to 

power per volume and supports less weight and more volume. In this context, the effective power density (PD) is found 

as follows: 

ef
D

T

P
P =

V
                                                                  (31) 

where Pef and VT are effective power and maximum volume of the system, respectively. 

As a beneficial output of the second law of thermodynamic for all kinds of thermal systems, exergy efficiency 

is defined in Eq.32 as the ratio of effective power to fuel exergy for the analyzed system, 

ef
ex

f f

P
η =

m ψ
                                                                    (32) 

where Pef, mf, and ψf are effective power, fuel flow rate, and total exergy of fuel. 

The exergetic performance coefficient (EPC) was proposed by Ust et al. [27] as the ratio of total exergy output 

to the exergy destruction rate in a cogeneration system (see Equation 33). EPC defines how a system or component 

destroys exergy efficiently with respect to the total irreversibilities or total exergy destruction, 

out out in

0 i D,tot D,tot

EX EX EX
EPC= = = -1

T S EX EX
                                           (33) 

where T0 and Si refer to ambient temperature and total enttopy generation; the EX subscripts of out, in, and D, 

tot refer to exergy output, exergy inlet, and exergy destruction, respectively. 

Another important exergetic performance criterion for thermal systems is the ecological coefficient of 

performance criterion (ECOP), also first suggested by Ust et al. [43] for an irreversible Seilinger (i.e., dual) cycle. It is 

defined in Equation 34 as the ratio of effective power to the total exergy destruction rate; this also makes a realistic 

combination of the first and second laws of thermodynamics. 

ef

D

P
ECOP=

EX
                                                                      (34) 

Another current thermoecological performance criterion is effective ecological power density (EFECPOD), 

which provides invaluable connections using a realistic finite time model among the effective efficiency, effective 

power, cycle temperature ratio, and volume. The criterion first suggested by Gonca [64] for a gas turbine is defined as: 

ef ef

1
T

0

η P
EFECPOD=

T
αV

T
                                                 (35) 

where ηef and Pef refer to effective efficiency and effective power, T1 and T0 refer to the temperature of air 

intake for the compression cycle and ambient conditions, VT refers to total volume, and α refers to the ratio of the 

cycle’s maximum:minimum temperature. 

The cycle’s mean cycle pressure (MCP) or mean exergy density (MED) is another important definition for 

thermal systems that makes a beneficial comparison of performance with the dimensions/size of the system. It was 

proposed by Karakurt and Sahin [73] for a Brayton cycle as the raito of net exergy production to the volumetric change 

(see Eq. 36). It is equal to the mean effective pressure if the compression and expansion processes are ideal or isentropic 

efficiencies are 1: 
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ef

max min

P
MED=

ν -v
                                                           (36) 

where Pef, vmax, and vmin refer to the cycle’s net exergy production, maximum volume, and minimum volume. 

Examining all these thermodynamic criteria in detail allows for viewing the results that will be shown in many graphs 

the parameters created on useful work and power density. This also presents the results clearly with a single output 

when examining power systems under different conditions and states. As a result of detailed research on this subject, 

thermodynamic coefficients have been revealed in ecological terms while no economic study is observed. For this 

reason, intensive research has been made on a parameter that will directly provide effective results when comparing 

the results of the analysis in this area, which reveals the power density cost coefficient: 

max
T

min

3

ef ef

T
E V

T $
COPD=

P η kJ×m

 
 
                                                          (37) 

 

 

RESULTS AND DISCUSSION 

 The results from the exergetic analyses of the conventional gas turbine power system and oxy-combustion 

power systems are presented in Figures 2 through 6. Net power, efficiency, exergy destruction, exergy efficiency, 

power density, EPC, ECOP, EFECPOD, MED, and COPD have been calculated with respect to various pressure and 

oxygen ratios, the results of which are shown in these figures. 

 
(a) 
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(b) 

Figure 2. (a) Change in net power and efficiency in terms of pressure ratios for various oxygen rates; (b) Change in 

net power and efficiency in terms of oxygen ratios for various pressure ratios. 

Figures 2a and 2b show the effects changes in pressure and oxygen ratios have on system net power and efficiency. 

As seen in Figure 2a, the net power generated 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 

for the oxy-combustion power systems. In the oxy-combustion power systems, the decrease after the peak point is less 

than that in conventional gas turbine power systems. The maximum net powers obtained for the peak points in the oxy-

combustion power systems are 23.3, 27.4, and 29.7 in the 26%, 28%, and 30% oxy-combustion power systems, 

respectively. In terms of the net power produced, better results are seen to have been obtained in the conventional gas 

turbine power system compared to the 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, the 

conventional gas turbine power system shows better results in terms of heat added to the system compared to the 26% 

oxy-combustion power system for pressure ratios up to 8. Similarly, the overall efficiency of the system increases and 

specific fuel consumption decreases with increases in the pressure ratio. 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-combustion power cycle up to pressure ratios of 35.3 has the best performance in terms of efficiency. As can 

be seen in Figure 2b, the net power obtained by increasing the oxygen ratio in oxy-combustion power systems has been 

determined to decrease. In addition, as the pressure ratio increases from 15 to 30, these decreases are seen to lessen. 

However, the oxy-combustion power cycle’s efficiency increases as oxygen and pressure ratios increase. 
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(a) 

 
(b) 

Figure 3. (a) Change in exergy destruction and exergy efficiency with respect to pressure ratios for various oxygen 

fractions, (b) Change in exergy destruction and exergy efficiency with respect to oxygen ratios for various pressure 

ratios. 

Figures 3a and 3b show the effect variations in pressure and oxygen rates have on the total exergy destruction and 

exergy efficiency of the systems. As seen in Figure 3a, the total exergy destruction in the system decreases as the 

pressure ratio increases in both the oxy-combustion power cycles and conventional gas turbine power system. This 

downward trend appears to be greater in the conventional gas turbine power system compared to the oxy-combustion 

power systems. In the conventional gas turbine power system, total exergy destruction is greater than all oxy-
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combustion gas turbine power cycles up to the 8.6 pressure ratio. It also has more exergy destruction compared to the 

oxy-combustion power cycles with a 28% oxygen ratio up to a pressure ratio of 20.6. The best results regarding total 

exergy destructions are obtained for the oxy-combustion power cycle at the 30% oxygen ratio. When examined in 

terms of exergy efficiency, all cycles increase less and less as the pressure ratio increases. Oxy-combustion power 

cycles with a pressure ratio of up to 10 have higher exergy efficiency than the conventional gas turbine power cycle. 

In the oxy-combustion power systems, oxygen ratio increasingly have the highest exergy efficiency from 26% to 30% 

up to a pressure ratio of 33.2, above which the conventional gas turbine power systems have the highest exergy 

efficiency. As seen in Figure 3b, the total exergy destruction decreases with increases in both the oxygen and pressure 

ratios. Meanwhile, as these two effects increase, so does the exergy efficiency. These results are seen to converge as 

the the pressure ratio increases from 15 to 30. Namely, the pressure ratio differences between 25 and 30 are less than 

the differences between 15 and 20. 

 
(a) 
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(b) 

Figure 4. (a) Change in power density and EPC with respect to pressure ratio for various oxygen rates, (b) Change in 

power density and EPC with respect to oxygen ratio for various pressure ratios. 

Figures 4a and 4b show the effect variations in pressure and oxygen rates have on the systems’ power density and 

exergetic performance coefficients. As seen in Figure 4a, the conventional gas turbine power cycle has better results 

showing slightly higher power density compared to the oxy-combustion power cycles in terms of power density. In 

addition, the cooling and water separation unit allows the oxy-combustion power systems to give off zero harmful 

emissions; the oxygen is provided by a separate mechanism, and the valve equipment used to separate excess carbon 

dioxide from the total volume is high. The oxy-combustion power cycles with 26%, 28% and 30% oxygen rates have 

similar characteristics in terms of power density, with the power density observed to decrease slightly as oxygen rates 

increase. When examined in terms of the exergetic performance coefficient, the amount of exergy output is observed 

to be less in the conventional gas turbine power cycle compared to the oxy-combustion power systems. As seen in 

Figure 4b, increasing the oxygen rates in oxy-combustion power systems decrease the power density, while increasing 

the pressure ratio increases the power density. The opposite occurs when examined in terms of the exergetic 

performance coefficient. In the oxy-combustion power cycle systems, increases in oxygen rates increase the exergetic 

performance coefficient, while increases in the pressure ratio decrease the exergetic performance coefficient. 
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(a) 

 
(b) 

Figure 5. Changes in ECOP and EFECPOD with respect to pressure ratio for various oxygen rates, (b) Changes in heat 

added and net power with respect to oxygen rates for various pressure ratios. 

Figures 5a and 5b show the effect variations in pressure ratios and oxygen rates have on the systems’ ecological 

performance coefficient and effective ecological power density. As can be seen in Figure 5a, the ecological 

performance coefficient increases both in the conventional gas turbine power system and in the oxy-combustion power 

systems less and less with greater increases in the pressure ratio. Above pressure ratios of 20, the ecological 

performance coefficient in the conventional gas turbine and the 30% oxy-combustion power systems are practically 

the same. While the 28% oxy-combustion power system has a slightly lower value compared to the conventional gas 
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turbine system, the lowest ecological performance coefficient results are achieved in the 26% oxy-combustion power 

system. When analyzing the effective ecological power density, the conventional gas turbine power system is seen to 

have a slightly higher value than the oxy-combustion power systems. The effective ecological power densities in the 

oxy-combustion power systems intersect at the pressure ratio of 14.5. Below this pressure, the order of the effective 

ecological power density results according to the oxygen ratio differ; above this pressure, the effective ecological 

power density increases as oxygen rates increase from 26% to 30%. As seen in Figure 5b, the ecological performance 

coefficient increases as both the oxygen rates and pressure ratios increase in the oxy-combustion power systems. 

Meanwhile, when examining the effective ecological power density, increases in the pressure ratio directly and 

proportionally affect EFECPOD, continuing to increase as the oxygen ratio increases after a certain decrease, due to 

the efficiency and power factors in the effective ecological power density increasing differently for oxy-combustion 

power cycles with different oxygen rates. In other words, increases in oxygen rates may cause efficiency to increase 

or decrease in terms of net power obtained. 

 

 

(a) 
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(b) 

Figure 6. (a) Changes in exergy density and COPD with respect to pressure ratio for various oxygen rates, (b) Changes 

in exergy density and COPD with respect to oxygen rates for various pressure ratios. 

Figures 6a and 6b show the effect variations in pressure and oxygen rates have on systems’ exergy density and cost of 

power density. As seen in Figure 6a, the conventional gas turbine power cycle has better results than the oxy-

combustion power cycles in terms of exergy density. The oxy-combustion power cycles with 26%, 28% and 30% 

oxygen ratios have similar characteristics in terms of exergy density, with the exergy density observed to decrease 

slightly as the oxygen rates increase. Examining the power density in terms of cost, the conventional gas turbine power 

cycle can be seen to cost less than the oxy-combustion power systems because, as mentioned earlier, the oxy-

combustion power systems take up slightly more space and are slightly more costly. In other words, economically 

comparing power systems can be achieved with just one graph. When evaluating using the realized economic results, 

how quickly the cost of power density parameter can be seen allows clearer and more accurate results to be obtained. 

As can be seen in Figure 6, increases in the oxygen rates in oxy-combustion power systems decrease the exergy density, 

while increases in the pressure ratio increase the exergy density. When examining the power density in terms of cost, 

a different characteristic emerges.  higher oxygen rates in the oxy-combustion power cycle systems decrease the cost 

of power density after increasing by a certain amount at pressure ratios of 15 and 20, while increases at the 25 and 30 

pressure ratios directly decreases these costs. 

 

CONCLUSION 

This study has performed detailed exergetic analyses of the conventional gas turbine power cycle and environmentally 

promising oxy-combustion power cycle systems. Parametric analyses results have been obtained for pressure ratios 

from 4 to 40 and oxygen rates ranging from 24% to 30%. The net power increases rapidly in both the conventional gas 

turbine power cycle and the oxy-combustion power cycles with increases in the pressure ratio, continuing to increase 

less and less after reaching its peak. The maximum net power point in the conventional gas turbine power cycle is 20.8. 

The peak points in the oxy-combustion power cycles with 26%, 28%, and 30% oxygen rates are 23.3, 27.4, and 29.7, 

respectively. The net power obtained by increasing the oxygen ratio decreased. System efficiencies increase as both 

the pressure ratio and oxygen rates increase; as the incoming heat decreases, the net power. As the pressure ratio 

increases, the total exergy destruction in both conventional gas turbine power system and oxy-combustion power 

systems decreases. In oxy-combustion power systems, increases in the oxygen rate decreases the total exergy ratio. 
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However, increases in the pressure ratio and the oxygen rate increase the exergy efficiency. In terms of power density, 

higher results have been obtained in the conventional gas turbine power system compared to the oxy-combustion power 

systems. Increasing the pressure ratio increases the power density in all systems. In oxy-combustion power systems, 

increases in oxygen rates decrease the power density. The opposite result is achieved for the exergetic performance 

coefficient. Increases in the pressure ratio and/or oxygen rate increase the ecological performance coefficient. 

Likewise, while increases in the pressure ratio cause increases in the effective ecological power density, increases in 

the oxygen rate in the oxy-combustion power systems show different characteristics according to the cycle’s pressure 

ratio. In terms of cost of power density, the conventional gas turbine power system is more advantageous than oxy-

combustion power systems. The optimum cost of power density is obtained at the pressure ratio of 25.6. Oxy-

combustion power systems have a minimum power density at 26%, 28%, and 30% oxygen rates with respective values 

of 28.6, 30.5, and 31.65. Increases in the oxygen rate in the oxy-combustion power cycle decrease the cost of power 

density after specific increases at pressure ratios of 15 and 20, while increases at pressure ratios of 25 and 30 directly 

decrease the cost of power density. Oxy-combustion power cycles currently have higher costs compared to 

conventional gas turbine power cycles. However, oxy-combustion power cycles will become more popular due to the 

decreasing cost of pure oxygen with technological developments and increasing environmental sensitivities in the 

following years. 

 

Nomenclature 

a  mole number of reactant O2 

b  mole number of reactant CO2 

c  mole number of reactant N2 

C  specific heat (kJ/kg K) 

FA  fuel/air ratio  

h  specific enthalpy (kJ/kg) 

LHV  lower heat value 

N   total number of moles of species 

NG  natural gas 

Pr  pressure ratio 

s  specific entropy (kJ/kg K) 

SFC   specific fuel consumption 

T  temperature (K)  

X  total number of carbon atom 

Y  total number of hydrogen atoms 

Z  total number of oxygen atoms 

Q  total number of nitrogen atoms 

Q  heat 

Greek symbols 

α mole fraction / Temperature ratio 

ε molar air-fuel ratio ex
  

Φ equivalence ratio 

χ number of moles of exhaust species 

ψ Fuel exergy 

 

Subscripts 

a air 

ady adiabatic 

c compressor 

cc combustion chamber 
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fu fluid or oxidant 

in inlet 

k exhaust species 

pz primary zone 

r reactants 

ox oxidant 

oxy oxygen 

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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