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A B S T R A C T   

In this paper, thermodynamic and thermoeconomic analysis as well as genetic algorithm optimization of two 
combined cycles, a gas turbine-organic Rankine cycle (GT-ORC) and a gas turbine-Kalina cycle (GT-KAL) are 
carried out. The novelty of this study is that the cycles are adapted to an actual solid waste power plant to 
generate additional power from the exhaust gas. Thus, the power generation capacity of the actual power plant 
can be raised by using the combined cycle. Due to this reason, besides the thermodynamic analysis of the cycles, 
thermoeconomic analyses and optimizations are also very important in order to improve the actual system ca-
pacity. The net power output of GT-ORC and GT-KAL are found to be 1.51 MW and 1.59 MW, respectively. The 
results obtained are seen to be reasonable when compared to the net power output of the power plant (5.66 MW). 
Another originality of this study is that the thermoeconomic results are improved by utilizing a multi-objective 
optimization method namely non-dominated sorting genetic algorithm method (NSGA-II). Thus, the two ob-
jectives, total power output and the total cost rate, at the design stage of the cycles are optimized and enhanced. 
Due to the optimization results, it is found that the net power output of the GT-ORC and GT-KAL are increased by 
11.34% and 0.99%, respectively, while the total cost rates are decreased by 18.59% and 1.31%, respectively. GT- 
ORC with the net power output of 1.70 MW is seen to be more efficient as compared to GT-KAL which produces a 
net power output of 1.61 MW. However, the total and the capital cost rates of GT-ORC are found to be higher 
than those of GT-KAL.   

1. Introduction 

Local waste-to-power production systems such as municipal solid 
waste disposal plants can create both environmental and economic 
benefits. Although these facilities are part of the infrastructural services 
of local governments, they can be more beneficial than to just eliminate 
urban waste. A solid waste disposal plant is normally an environmen-
tally polluting facility, but it is an exceptionally useful one to control 
garbage piles that may be one of the largest pollutants in the modern 
world, and in addition, for recovering energy using these wastes. In the 
old and traditional solid waste disposal facilities; controlled combustion 
was allowed to prevent spontaneous explosion and burning of methane 
gas produced by solid wastes buried under the ground for disposal. 
Today, garbage-based methane gas (landfill gas) is regularly collected at 
local municipal solid waste facilities, and after the removal of hazardous 
mixtures from its ingredients such as sulfur based compounds, it is 

burned in internal combustion engine driven cogeneration systems to 
generate electricity. In these plants, exhaust gas at medium and high 
temperatures released after combustion constitutes a unique source for 
heat recovery applications. In this context, considering the landscape 
that emerges from local waste disposal facilities, several important is-
sues can be discussed: (i) The term “waste heat” is an unfortunate choice 
in today’s world where the zero-waste approach becomes an applicable 
and sustainable goal rather than a utopia. Instead of using this term, it 
would be appropriate to redefine it as “the heat resource that has not yet 
been used”. If the aim is to express our problem in a short and effective 
way, the expression “unused heat resource” will also work. (ii) Given the 
abundance and diversity of heat/fuel resources used in solid waste 
disposal facilities, with none of them being fossil fuel resources, it will be 
possible to fairly judge the investments made for energy recovery in 
these facilities. Updating the concept of waste heat as an unused heat 
resource can be accepted relatively quickly in terms of methodological 
and technological applications of today’s world as it reflects the ability 
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to use all “renewable and sustainable” resources that may arise during 
the operation of waste-to-power systems. 

Energy recovery from waste heat/unused heat resources has become 
an extremely important issue as a result of the world’s increasing de-
mand for intensive energy. Various energy recovery methods are being 
developed in order to meet the energy needs of installed power plants in 
their domestic lines and to generate additional energy. As is known, each 
method operates within a specific energy production cycle such as gas 
turbines like the organic Rankine and Kalina cycles. 

Most of the published works on the S-CO2 cycle in the open literature 
have been proposed to rationally plan or optimize energy production of 
actual power plants [1]. Some of these models aim to recover unused 
heat resources in sodium cooled fast reactors. Ahn et al. [2] performed a 
review on S-CO2 power production methods and its updated portrait. It 
was resulted that the performance of SCO2 cycle was found to be 
favourable with respect to other cycles. Akbari and Mahmoudi [3] 
investigated an S-CO2 power cycle and a combined power cycle of S- 
CO2/organic Rankine cycle (S-CO2/ORC) in the frame of exer-
goeconomic analyses. It was resulted that the combined cycle was found 
to be more advantageous when compared the S-CO2 cycle regarding to 
exergetic efficiency and the total cost. Cha et al. [4] performed a design 
study improving the performance of the turbine, the compressor and the 
heat exchangers for an S-CO2 cycle. The study by utilizing with CFD 
analysis resulted that the cycle efficiency and the net plant efficiency 
were enhanced to 42.8% and 40.3%, respectively. Ishiyama et al. [5] 
presented that the S-CO2 cycle was the most efficient cycle when 
compared to others for the medium temperature regime in a prototype 
fusion reactor. It was also resulted that the decrease in heat source 
affected the efficiency negatively. Another study on S-CO2/ORC system 

was investigated by Mohammadkhani et al. [6]. It was concluded that 
the pinch point temperature was the most effective parameter on the 
thermoeconomic performance of the cycle. The other studies on S-CO2 
were developed to generate additional power in existing power plants. 
The exergoeconomic performances of three systems which were T-CO2, 
S-CO2 and ORC, and their combinations were compared by Wang and 
Dai [7,8]. It was concluded that T-CO2 cycle could produce 22 MW 
power. Additionally, the S-CO2/T-CO2 was found as the best exer-
goeconomic performance cycle. Wang et al. [9] investigated the 
component which had the high exergy destructions in a recompression 
S-CO2/T-CO2 cycle. It was resulted that the highest exergy destructions 
were found for the reactor and the T-CO2 components. For power gen-
eration, Kouta et al. [10] designed an S-CO2 cycle by using a solar tower 
as a heat source in Saudi Arabia. The recompression cycle was presented 
as the efficient cycle when compared to regeneration cycle as a result of 
the study. As far as we understand from the large number of published 
works on S-CO2 power cycles, both thermodynamic and thermoeco-
nomic optimizations of these cycles as well as their modelling of elec-
tricity production have been frequently carried out. 

Another type of cycle that is powered by a used (or waste) heat 
source is the organic Rankine cycle (ORC). This cycle is generally one of 
the most popular methods for utilizing waste heat at low and medium 
temperatures. The ORC system studies in the open literature are 
generally based on improving the energetic and exergetic efficiencies of 
the systems by utilizing wide range working fluids. Thermal efficiency, 
exergy destruction rate, mass flow rate and their effects on thermody-
namic and thermoeconomic analyses were investigated by many re-
searchers [11–15]. Besides to this, some scientists analyzed on the 
performance of working fluids on overall efficiency of ORC due to their 

Nomenclature 

A heat transfer area, m2 

Ċ cost rate, $/h 
c cost per exergy unit, $/GJ 
cf unit exergy cost of fuel, $/GJ 
cp unit exergy cost of fuel, $/GJ 
Ḋ cost rate of exergy destruction, $/h 
Ėx exergy rate, kW 
f exergoeconomic factor 
h specific enthalpy, kJ/kg 
i interest rate 
ṁ mass flow rate, kg/s 
n total life time 
N annual operation time 
P pressure, bar 
Q̇ heat addition, kW 
r relative cost difference 
s specific entropy, kJ/kg-K 
T temperature, oC 
U heat transfer coefficient, kW/m2-K 
Ẇ work flow rate-power, kW 
Ż capital cost rate, $/h 

Subscripts and abbreviations 
0 dead state 
a actual 
APR heat exchanger area per unit net power output 
aw ammonia-water 
CEPCI chemical engineering plant cost index 
CON condenser 
CRF capital recovery factor 

D destruction 
dec decomposition 
EMO evolutionary multi-objective optimization 
EVAP evaporator 
exh exhaust 
GMSWPP Gaziantep Municipal Solid Waste Power Plant 
ORC organic Rankine cycle 
OT ORC turbine 
k component 
LMTD logarithmic mean temperature difference 
NSGA-II non-dominated sorting genetic algorithm 
PEC purchased equipment cost 
PUMP ORC pump 
s isentropic 
SPECO specific exergy costing 
tot total 
wat water 
wf working fluid 

Greek symbols 
ΔT temperature difference 
ε exergy efficiency 
εfHE effectiveness of heat exchangers 
η energy efficiency 
ηC isentropic efficiency of compressor 
ηGT isentropic efficiency of gas turbine 
ηKP isentropic efficiency of Kalina pump 
ηKT isentropic efficiency of Kalina turbine 
ηOP isentropic efficiency of ORC turbine 
ηOT isentropic efficiency of ORC turbine 
ϕ maintenance factor 
ψ specific flow exergy, kJ/kg  
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different thermo-physical properties [16–19]. In addition, in order to 
generate power from ORC, there are also many studies related with low 
temperature thermal source. These studies are of great importance in 
terms of the use of low temperature thermal sources that are generally 
appeared in food, textile and chemical industry applications. There are 
also studies for improving the ORC efficiency via multi-objective opti-
mization [20–24]. 

The Kalina cycle is another type of cycle that uses ammonia-water 
mixture as working fluid. This cycle is widely used in combined heat 
and power plants as a cycle that uses different types of unused heat 
sources. Among the waste heat recovery (or unused heat replacement) 
methods which are preferred in municipal solid waste and wastewater 
treatment integrated power generation plants that produce energy from 
waste such as gas turbines (GT) and ORCs, the Kalina cycle (KAL) has 
become more popular and interesting in recent years. Zhang et al. [25] 
reviewed a study to show the benefits of the Kalina cycle for a bottoming 
cycle using low-temperature heat sources. It was resulted that the Kalina 
cycle was found more efficient than ORC regarding the energy and 
exergy efficiencies. Cao et al. [26] investigated the Kalina cycle by using 
low-temperature heat source and evaluated the main parameters on the 
efficiency of the system. It was concluded that the maximum exergy 
destruction was found in heat recovery steam generator. Fallah et al. 
[27] performed a conventional and advanced exergy analysis of a Kalina 
cycle driven by a geothermal source. It was resulted that the high exergy 
destruction of components such as condenser, evaporator could be 
decreased to the low limits by utilizing advanced exergy analyses. Singh 
and Kaushik [28,29] performed two different Kalina cycle studies. The 
first Kalina cycle was a computer simulation which was coupled to a 
conventional coal fired steam power plant, and the second Kalina was 
adapted to an actual natural gas power plant. Researchers investigated 
the optimum operating conditions for both cycles. For the first system, it 
was concluded that the cycle efficiency could be raised by increasing the 

turbine inlet pressure. For the second system, it was resulted that the 
highest exergy destruction, capital cost rate and the lowest exer-
goeconomic factor were found in the steam turbine. Zare et al. [30] 
carried out a thermoeconomic analyses for an ammonia-water power 
generating system. Besides, an optimization including three objective 
functions was performed in this study. It was concluded that the effi-
ciency of overall system could be raised by coupling the Kalina cycle to 
the gas turbine-modular helium reactor. Yari et al. [31] considered the 
performance of a Kalina cycle by comparing three different cycles as a 
heat source of cycles with a temperature of 120 ◦C. It was resulted that 
the trilateral Rankine cycle was found as the most efficient one with 
respect to Kalina and ORC. Rodriguez et al. [32] carried out a Kalina 
cycle performance by utilizing a geothermal as a heat source. It was 
concluded that the cycle with 84% ammonia mass fraction generated 
almost 20% more power than a conventional ORC system. In addition to 
energy recovery implementations from waste/unused heat and appli-
cations that provide additional power generation with GT, ORC and KAL 
cycles, studies to improve these systems and increase the total efficiency 
of power plants using genetic algorithm-based methods are becoming 
more widespread. 

In this study, the non-dominant sequential genetic algorithm method 
(NSGA-II) was applied to GT-ORC and GT-KAL combined cycles. It is 
considered that the net power output and the total cost can be improved 
by NSGA-II optimization method according to the decision variables of 
the systems. For this purpose, the sub-components of both systems were 
firstly analyzed and then evaluated thermodynamically and thermoe-
conomically. In order to obtain optimum cost and improved net power 
output from the developed models, the parametric studies and the 
optimization method were applied according to variable limits. In the 
GT-ORC system, the pressure ratio of the gas turbine and the organic 
Rankine turbine, the logarithmic temperature difference of the gas tur-
bine heat exchanger and the exit temperature of the exhaust gas from the 

Fig. 1. Schematic view of the GT-ORC.  
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evaporator were selected as the decision parameters. In the GT-KAL 
system, the pressure ratio of the gas turbine and the Kalina turbine, 
the logarithmic temperature difference of the gas turbine heat exchanger 
and the generator, and the mass flow rate of ammonia-water were 
selected as the decision parameters for optimizing decision making. 

The cycles applied to the actual power plant in order to increase the 
net power output and the overall efficiency are introduced as the orig-
inality of this study. Herein, the actual operating data and the economic 
values are taken into account for the analyses. The thermodynamic and 
thermoeconomic analyses of the adapted cycles can be stated as another 
novelty of this study. This is because in the open literature, many studies 
in this field are performed only theoretically without considering actual 
economic values of system components for an actual municipal solid 
waste power plant. Furthermore, the genetic algorithm optimization, 
which can also be stated as another originality of the study, is remark-
able to improve the efficiency of combined cycles. 

2. Material and method 

2.1. System operation 

In this paper, in order to generate more electrical power besides the 
actual power plant, two combined cycles, GT-ORC and GT-KAL are 
compared. In the actual municipal solid waste power plant located in the 
city of Gaziantep in Turkey, there are 5 identical Jenbacher 416 GS gas 
engines for generating a total of 5.66 MW electrical power. The mass 
flow rate, the pressure and the temperature of the exhaust gas of the 
plant are 16 kg/s, 1.9 bar and 566.7 ◦C, respectively. The exhaust gas of 
the plant is utilized as the heat source for both cycles. 

The adapted GT-ORC is presented in Fig. 1. In the design stage of the 
GT cycle, the working fluid is maintained in the supercritical region. The 
temperature and the pressure of CO2 at the inlet of the low-pressure 
compressor (Tcrit = 30.98 ◦C and Pcrit = 73.8 bar) were taken as 40 ◦C 
and 74 bar, respectively. The pressure ratio (PRGT) between the low- 
pressure compressor and the turbine was evaluated as 2.8 for pressur-
izing 200 bar in the turbine in order to obtain a realistic power 

production model (state 1–4). The pressurized CO2 was primarily heated 
in the recuperator (states 4–5) and then CO2 was passed through the gas 
turbine heat exchanger (GTHE) in order to generate more heat addition 
before entering the expansion process. The logarithmic mean tempera-
ture difference (LMTDGTHE) was taken as 9.7 ◦C in the GTHE. After the 
heating process, S-CO2 was expanded in the GT and then passed through 
the recuperator for heat rejection (states 6–8). Thus, the GT cycle was 
completed. In the ORC system, the working fluid was firstly pressurized 
in the pump (state 16), then heated in the evaporator (state 17) and 
expanded in the turbine (state 18) and finally condensed in the 
condenser (state 19). Herein, the inlet temperature of the working fluid 
at the inlet of the turbine was assumed with respect to temperature 
difference (ΔT) between the turbine inlet temperature and the working 
fluid critical temperature. 

The GT-KAL consists of a GT and a Kalina cycle (KC) as is seen in 
Fig. 2. In the KC stage, the two-phase region ammonia-water (aw) 
mixture was separated into ammonia-rich vapor and ammonia-poor 
solution in the separator after heat addition in the generator (states 
27-16-17-18). The ammonia-rich vapor was then passed through the 
turbine and electricity was generated (states 17-21). The temperature 
and the pressure of the ammonia-poor solution were decreased in the 
HTR and the valve, respectively. Herein, the ammonia-poor solution was 
passed through the valve and then mixed with the ammonia-rich solu-
tion. Thus, the solutions were returned to the original ammonia-water 
basic solution (states 18-19-20). The ammonia-water basic solution 
was mixed with the ammonia-water which came from the turbine (states 
20-21-22). After that, it was cooled to the saturated phase using the LTR 
and the condenser (states 22-23-24). Then the ammonia-water mixture 
was pressurized through the pump. Next, the pressurized ammonia- 
water mixture was heated in LTR and HTR. Finally, the ammonia- 
water mixture entered the generator in order to complete the cycle. 

The effectiveness of all heat exchangers (εfHE) and the isentropic 
efficiencies of the compressors (ηC), the ORC pump (ηOP) and the Kalina 
pump (ηKP) were taken as 0.85 and the isentropic efficiencies of the gas 
turbine (ηGT), the ORC turbine (ηOT) and the Kalina turbine (ηKT) were 
taken as 0.92 according to the common usage in literature [1,33–35]. In 

Fig. 2. Schematic view of the GT-KAL.  
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Table 1 
Thermodynamic and thermoeconomic equations for sub-components of the power cycles.  

(continued on next page) 
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Table 1 (continued ) 

(continued on next page) 
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Table 1 (continued ) 
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addition to this, the study was carried out using some general assump-
tions as follows: the system operated steadily, the changes in the kinetic 
and potential energies, the pressure losses through both the pipes and 
the heat exchangers were neglected, the states at the exit of the pre-
cooler, the intercooler and the condensers were taken as saturated 
liquid. 

2.2. Thermoeconomic analysis 

In this study, Engineering Equation Solver (EES) was used in order to 

carry out the thermodynamic and thermoeconomic analyses. All 
necessary expressions are given in Table 1 in order to calculate heat 
transfer rates, works, exergy destructions, exergy efficiencies, exergy 
flow rates and cost flow rates for sub-components of the power cycles. In 
addition to this, physical specific flow exergy, ψph, chemical specific 
flow exergy, ψch and exergy rate, Ėx were calculated as follows [35]: 

ψph = (h − h0) − T0(s − s0) (1)  

ψch =

⎡

⎣
e0

ch,NH3

MNH3

⎤

⎦y+

⎡

⎣
e0

ch,H2O

MH2O

⎤

⎦(1 − y) (2)  

ψ = ψph +ψch (3)  

Ėx = ṁψ (4) 

The energy and exergy efficiencies of the systems were evaluated 
using the equations given below: 

ηGT− ORC = ẆGT − ORC/ṁexh(h13 − h15) (5a)  

ηGT− KAL = ẆGT − KAL/ṁexh(h13 − h15) (5b)  

εGT− ORC = ẆGT − ORC/ṁexh(ψ13 − ψ15) (6a)  

εGT− KAL = ẆGT − KAL/ṁexh(ψ13 − ψ15) (6b)  

ẆGT − ORC,tot = (ẆOT − ẆOP)+ (ẆGT − (ẆLPC + ẆHPC)) (7a)  

ẆGT − KAL,tot = (ẆKT − ẆKP)+ (ẆGT − (ẆLPC + ẆHPC)) (7b) 

The capital cost rate (Ż) and the capital recovery factor (CRF) are 
carried out in accordance with the equations and the procedure used in 
the relevant references [1,33–35]. Herein, the economic constants play 
an important role for the calculation of the total cost rate of each 
component. The total life time (n), the annual operation time (T), the 
interest rate (i) and the maintenance factor (ϕ) were taken as 30, 8040, 
15% and 1.06, respectively [1,33–35]. 

The cost function relations are shown in Table 2 [1,30,33–35]. The 
cost of the separator and the valve was negligibly small when compared 
to the other components. 

The heat exchangers were designed as shell and tube type which 
were modeled by utilizing the related equation in references [1,33–35]. 
The overall heat transfer coefficients for both systems are tabulated and 
given in Table 3. 

Given correlations for purchase cost are generally explained with a 
cost index, which should be updated using the CEPCI factor. The CEPCI 
factor consists of four parameters which are equipment index, 

Table 2 
PEC relations of the systems.  

Gas Turbine Heat 
Exchanger 

PECGTHE = 2681(AGTHE)
0.59  

Gas Turbine PECGT = 4405(ẆGT)
0.7  

Recuperator PECREC = 2681(AREC)
0.59  

Precooler PECPRE = 2143(APRE)
0.514  

LP and HP Compressor 
PECCOMP = 71.1

⎡

⎣ ṁCO2

0.92 − ηc

⎤

⎦(PR)(ln(PRGT)

Intercooler PECINT = 2143(AINT)
0.514  

Evaporator PECEVAP = 130(AEVAP/0.093)0.78  

ORC Turbine 
PECOT = (

1536*ṁwf

0.92 − ηOT
)*ln(PRORC)*(1+ exp 

(0.036*T4 − 54.4))
Condenser PECCON = 1773(ṁwf )

ORC Pump PECOP = 3540(ẆOP)
0.71  

Generator PECGEN = 2143(AGEN)
0.514  

Kalina Turbine PECKT = 4405(ẆKT)
0.7  

LT Recuperator PECLTR = 2143(ALTR)
0.514  

Condenser PECKCON = 2143(AKCON)
0.514  

Kalina Pump PECKP = 1120(ẆKP)
0.8  

HT Recuperator PECHTR = 2143(AHTR)
0.514   

Table 3 
Overall heat transfer coefficients for the systems [1,33–35]  

Component Overall heat transfer coefficients (kW/m2K) 

Gas Turbine Heat Exchanger 1.1 
Recuperator 0.7 
Precooler 2 
Intercooler 2 
Evaporator 0.3 
Condenser 0.8 
Generator 0.3  

(a) (b)

Fig. 3. Optimization flow-chart of (a) GT-ORC (b) GT-KAL.  

E. Ozahi et al.                                                                                                                                                                                                                                   



Energy Conversion and Management 228 (2021) 113583

9

construction labor index, building index and engineering and supervi-
sion index [33–35]. It is calculated as the ratio of CEPCI values of the 
reference years. Reference years should be selected as power production 
year and model design year [35,36]. In this study, CEPCI factors of 2011 
and 2020 were selected due to the actual power plant electricity pro-
duction date being 2011 and the models designed date being 2020 
[35,36]. The CEPCI value was found to be 0.901 when considering the 
years of 2011 and 2020 and the systems were re-designed in regard to 

this value. The parameters, the exergoeconomic factor, the relative cost 
difference and the cost rate of exergy destruction, which are important 
for the thermoeconomic analysis via SPECO method were calculated by 
using the expressions given in the reference [1,33–35]. 

2.3. Thermoeconomic optimization 

In order to solve an optimization problem by using the evolutionary 
multi-objective optimization (EMO), at least two objectives are 
required. Although there were optimization studies with a single- 
objective in the past years, it is difficult to achieve a rational result 
from these single-objective optimizations in terms of the accuracy of the 
optimization. Because optimization cannot be made by improving a 
single-objective in any system. Therefore, at least two objectives should 
be developed [33–35,37]. For that reason, the multi-objective optimi-
zation method, which is named as NSGA-II in the MATLAB environment, 
was utilized in this investigation. NSGA-II can be considered as one of 
the more popular EMO procedures when compared to others. In the 
NSGA-II optimization, all data shown in pareto frontier are actually 
considered as optimum results. However, in order to give the best so-
lution of the optimization, the best result should be selected among the 
optimum results. The best solution is chosen as the point closest to the 
origin on the pareto frontier. Then, the deviation between the design 
stage and best solution is calculated by comparing the chosen variables 
in the beginning of the optimization. 

In this study, in which the thermoeconomic analyses of two different 
combined cycles were evaluated, the total cost rate and the exergy ef-
ficiency of the systems were selected as the optimization objectives. 
Herein, the main motivation of the optimization was considered as the 
minimum cost and the maximum power generation from both systems. 
The flow-charts of the optimization are shown in Fig. 3.a and 3.b. The 
net power outputs of the systems were calculated by using the Eq. (7a) 
and (7b). The optimization of the objective functions of the GT-ORC 
system was considered with respect to the pressure ratio of the GT 
cycle (PRGT), the logarithmic mean temperature difference of the GTHE 
(LMTDGTHE), the pressure ratio of the ORC (PRORC) and the exit tem-
perature of the exhaust gas from the evaporator (T15). In GT-KAL, the 
pressure ratio of the GT cycle (PRGT), the logarithmic mean temperature 
difference of the GTHE (LMTDGTHE), the pressure ratio of Kalina cycle 
(PRKC), the logarithmic mean temperature difference of the GEN 
(LMTDGEN) and the mass flow rate of the ammonia-water solution 
(ṁNH3H2O) were selected as decision parameters. 

3. Results and discussion 

3.1. Thermoeconomic analysis 

In order to perform a thermoeconomic analysis, thermodynamic 
evaluation, which is carried out utilizing the thermodynamic properties 

Table 4 
Thermodynamic results of the GT-ORC.  

Component Q̇
(kW)

Ẇ
(kW)

ĖxF
(kW)

ĖxP
(kW)

ĖxD
(kW)

ε
(%)

GTHE 2758 – 1964 1405  559.3  71.52 
GT – 1509 1565 1509  55.65  96.44 
REC 5734 – 1949 1857  92.05  95.28 
PRE 724.3 – 72.89 14.25  58.64  19.55 
LPC – 234.7 234.7 205.3  29.37  87.48 
HPC – 142.2 142.2 123  19.25  86.46 
INT 1403 – 187.3 50.15  137.1  26.78 
EVAP 4791 – 1959 1233  725.8  62.94 
OT – 469.1 536.2 469.1  67.06  87.49 
CON 4406 – 779.1 134.2  644.9  17.22 
OP – 93.83 93.83 82.3  11.53  87.72 
GT-ORC Energy efficiency 

(%) 
18.76      

Exergy efficiency 
(%) 

38.43      

Table 5 
Exergy flow rates, cost flow rates and unit exergy costs of the GT-ORC.  

State Ėx
(kW)

c
($/GJ)

Ċ
($/h)

1 2356 4.797 40.68 
2 2561 4.797 44.23 
3 2374 4.797 41 
4 2497 4.828 43.4 
5 4446 4.805 76.91 
6 5851 4.797 101 
7 4286 4.797 74.01 
8 2429 4.797 41.94 
9 0 0 0 
10 14.25 27.72 1.422 
11 0 0 0 
12 50.15 19.18 3.464 
13 4903 3.21 56.66 
14 2939 3.21 33.96 
15 980.2 3.21 11.33 
16 424.6 7.287 11.14 
17 1658 5.875 35.05 
18 1121 5.875 23.72 
19 342.3 5.875 7.239 
20 0 0 0 
21 134.2 36.15 17.46  

Table 6 
Thermoeconomic results of the GT-ORC.  

Component ĖxD
(kW)

cf
($/GJ)

cp
($/GJ)

ḊD
($/h)

Ż
($/h)

r
(%)

f
(%)

GTHE  559.3  3.21  4.797  6.464  1.426  49.43 18.07 
GT  55.65  4.797  4.797  0.9609  14.85  6.17*10− 8 93.92 
REC  92.05  4.797  4.805  1.59  1.443  0.1753 47.58 
PRE  58.64  4.797  4.797  1.013  0.1633  7.80*10− 8 13.89 
LPC  29.37  3.426  4.797  0.3622  0.6507  40.01 64.24 
HPC  19.25  3.426  4.828  0.2374  0.6507  40.92 73.27 
INT  137.1  4.797  4.797  2.368  0.2299  6.42*10− 8 8.849 
EVAP  725.8  3.21  5.875  8.388  1.28  83.01 13.24 
OT  67.06  5.875  5.875  1.418  19.65  9.12*10− 8 93.27 
CON  644.9  5.875  5.875  13.64  0.9863  2.85*10− 8 6.744 
OP  11.53  5.875  7.287  0.2438  1.787  24.04 88  
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and relations for both systems, is required. The main results of the 
thermodynamic analysis of GT-ORC are shown in Table 4. The net 
power, the energy and exergy efficiencies are calculated as 1508 kW, 
18.76% and 38.43%, respectively. The efficiency values of the GT-ORC 
are perceived as being reasonable when compared to other studies on 
combined GT-ORC in literature [8–15]. However, the efficiency values 
of the GT-ORC can be improved by minimizing exergy destructions. It is 
seen from Table 4 that the maximum exergy destructions occurred in 
EVAP, CON and GTHE, respectively. Due to the thermal losses in heat 
exchangers, high amount of exergy destruction is expected for all kinds 
of heat exchangers. It is possible to decrease the exergy destruction in 
heat exchangers by using optimum heat exchanger designs. The highest 
exergy efficiency is seen for the GT because of its negligibly small exergy 
destruction rate. In addition to this, the exergy efficiency of the REC is 
also seen to be very high due to its small amount of exergy destruction 
rate. 

Thermoeconomic analysis of GT-ORC is carried out by means of the 
specific exergy cost (SPECO) method. The equations in Table 2 are uti-
lized for the calculation of the capital investment of the GT-ORC system. 
Subsequently, the operating and the maintenance costs are calculated by 
using the chemical engineering plant cost index and the related con-
stants. The exergy flow rates, the cost flow rates and the unit exergy 
costs of the GT-ORC are tabulated in Table 5. 

The thermoeconomic results of the GT-ORC are given in Table 6. GT 
and OT have the highest exergoeconomic factor values due to their 
higher thermodynamic performance. On the other hand, all heat ex-
changers have lower exergoeconomic factor values due to their high 
exergy destruction costs in comparison with other equipment. It can be 
seen from Table 6 that CON, EVAP and GTHE have the highest cost rates 
of destruction because of their high exergy destruction rates and capital 
cost rates among other heat exchangers. Therefore, focusing on the 
above mentioned components can be worthwhile in order to increase the 
system performance. Despite of the higher capital cost rate of REC, it has 
an average exergoeconomic factor value which can be explained with its 
lower exergy destruction. The lowest exergoeconomic factor is found to 
be 6.744 for the condenser. This result can be explained by the fact that 
the condenser has both high mass flow rate and exergy destruction. 

The thermodynamic and thermoeconomic analyses of the GT-KAL 
are also carried using the same procedure followed in the GT-ORC. 
The thermodynamic and thermoeconomic results of the GT-KAL are 
given in Tables 7–9. According to the thermodynamic results, the net 
power output, the energy and exergy efficiencies are found to be 1594 
kW, 19.71% and 40.53%, respectively for the whole system. The effi-
ciencies of the GT-KAL are found to be reasonable when compared to 
other studies in literature related to GT-KAL systems [25–29]. Moreover, 
the total system performance can be improved by decreasing the exergy 
destructions. From Table 7, it is clearly seen that the maximum exergy 
destructions occurred for the heat exchangers, GTHE and HTR, respec-
tively. Due to the thermal losses in heat exchangers, high amounts of 

Table 7 
Thermodynamic results of the GT-KAL.  

Component Q̇
(kW)

Ẇ
(kW)

ĖxF
(kW)

ĖxP
(kW)

ĖxD
(kW)

ε
(%)

GTHE 2758 – 1964 1405  559.3  71.52 
GT – 1509 1565 1509  55.65  96.44 
REC 5734 – 1949 1857  92.05  95.28 
PRE 724.3 – 72.89 14.25  58.64  19.55 
LPC – 234.7 234.7 205.3  29.37  87.48 
HPC – 142.2 142.2 123  19.25  86.46 
INT 1403 – 187.3 50.15  137.1  26.78 
GEN 4840 – 1968 1676  291.8  85.17 
KT – 469.7 496.7 469.7  26.96  94.57 
HTR 1705 – 614.9 114.9  500.1  18.68 
LTR 2177 – 347.9 109  238.8  31.34 
KP – 8.506 8.506 7.847  0.6593  92.25 
KCON 899.3 – 70.19 6.446  63.74  9.184 
GT-KAL Energy 

efficiency (%) 
19.71      

Exergy 
efficiency (%) 

40.53      

Table 8 
Exergy flow rates, cost flow rates and unit exergy costs of the GT-KAL.  

State Ėx
(kW)

c
($/GJ)

Ċ
($/h)

1 2356 4.797 40.68 
2 2561 4.797 44.23 
3 2374 4.797 41 
4 2497 4.828 43.4 
5 4446 4.805 76.91 
6 5851 4.797 101 
7 4286 4.797 74.01 
8 2429 4.797 41.94 
9 0 0 0 
10 14.25 27.72 1.422 
11 0 0 0 
12 50.15 19.18 3.464 
13 4903 3.21 56.66 
14 2939 3.21 33.96 
15 970.9 3.21 11.22 
16 37,781 4.365 593.7 
17 30,267 4.396 479 
18 7246 4.396 114.7 
19 6631 4.75 113.4 
20 6629 4.751 113.4 
21 29,770 4.396 471.2 
22 36,291 4.345 567.7 
23 35,943 13.66 1767 
24 35,873 13.66 1764 
25 35,881 13.66 1764 
26 35,990 4.365 565.6 
27 36,105 4.365 567.4 
28 0 0 0 
29 6.446 186.4 4.325  

Table 9 
Thermoeconomic results of the GT-KAL.  

Component ĖxD
(kW)

cf
($/GJ)

cp
($/GJ)

ḊD
($/h)

Ż
($/h)

r
(%)

f
(%)

GTHE  559.3  3.21  4.797  6.464  1.426  49.43  18.07 
GT  55.65  4.797  4.797  0.9609  14.85  6.17*10− 8  93.92 
REC  92.05  4.797  4.805  1.59  1.443  0.1753  47.58 
PRE  58.64  4.797  4.797  1.013  0.1633  7.80*10− 8  13.89 
LPC  29.37  3.426  4.797  0.3622  0.6507  40.01  64.24 
HPC  19.25  3.426  4.828  0.2374  0.6507  40.92  73.27 
INT  137.1  4.797  4.797  2.368  0.2299  6.42*10− 8  8.849 
GEN  291.8  3.21  4.365  5.039  3.598  35.99  41.66 
KT  26.96  4.396  8.529  0.4266  6.561  48.45  93.89 
HTR  500.1  4.365  4.75  7.858  0.5093  8.097  6.086 
LTR  238.8  13.66  13.66  11.74  0.9793  1.70*10− 8  7.697 
KP  0.6593  8.529  13.66  0.02024  0.1247  37.56  86.03 
KCON  63.74  13.66  186.4  3.134  0.8743  92.67  21.81  
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exergy destruction are expected for all kinds of heat exchangers. The 
highest exergy efficiency is seen for the GT because of its negligibly 
small exergy destruction rate. Furthermore, the exergy efficiencies of the 
REC, KT and KP are also found to be very high due to their small amount 
of exergy destruction rates. 

The exergy flow rates, the cost flow rates and the unit exergy costs of 
the GT-KAL are given in Table 8. Thermoeconomic analysis results of the 
GT-KAL are tabulated in Table 9. GT and KT have the highest exer-
goeconomic factors due to their higher thermodynamic performances. 
As can be seen in the Table 9, the heat exchangers have lower thermo-
dynamic and thermoeconomic performances when compared to other 
components due to their high exergy destructions. It can be seen in the 
same table that LTR, HTR, GTHE and GEN have the highest cost rates of 

destruction because of their high exergy destruction rates. The total 
performance of the system can be improved by decreasing the exergy 
destructions of these components. The lowest exergoeconomic factor is 
found to be 6.086 for the HTR. This result can be explained by the fact 
that the HTR has the worst thermodynamic performance when 
compared to other components. On the other hand, the highest relative 
cost difference is found to be for KCON. It is clearly shown that a ther-
modynamic improvement is required for the Kalina condenser. 

3.2. Parametric studies 

Parametric studies are carried out for the GT-ORC and the GT-KAL in 
order to observe performance parameters in detail. The effects of the 

Fig. 5. Effect of the PRGT on thermoeconomic results of GT-ORC.  

Fig. 6. Effect of the LMTDGTHE on thermodynamic results of GT-ORC.  

Fig. 7. Effect of the LMTDGTHE on thermoeconomic results of GT-ORC.  

Fig. 8. Effect of the PRORC on thermodynamic results of GT-ORC.  

Fig. 9. Effect of the PRORC on thermoeconomic results of GT-ORC.  

Fig. 4. Effect of the PRGT on thermodynamic results of GT-ORC.  
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pressure ratio of GT cycle (PRGT), the logarithmic mean temperature 
difference of GTHE (LMTDGTHE), the pressure ratio of ORC (PRORC) and 
the exit temperature of the exhaust gas from the evaporator (T15) on the 
energy efficiency, the exergy efficiency, the net power output and the 
total cost rate of GT-ORC are investigated using the thermodynamic and 
thermoeconomic principles with respect to some assumptions. In order 
to achieve the GT-KAL cycle performance, the effects of the pressure 
ratio of GT cycle (PRGT), the logarithmic mean temperature difference of 
GTHE (LMTDGTHE), the pressure ratio of Kalina cycle (PRKC), the loga-
rithmic mean temperature difference of GEN (LMTDGEN) and the mass 
flow rate of the ammonia-water solution (ṁNH3H2O) on the energy effi-
ciency, the exergy efficiency, the net power output and the total cost rate 
of the GT-KAL are investigated. 

3.2.1. Effect of PRGT on GT-ORC 
Fig. 4 shows the pressure ratio effects on the energy and exergy ef-

ficiencies, and net power output of the GT-ORC cycle. It can be seen from 
the figure that an increase in the pressure ratio causes an increase in the 
energy and exergy efficiencies as well as an increase in the net power 
output. The increase in the pressure difference between the inlet and the 
outlet streams of the GT which is required for power production, directly 
depends on the increase in pressure ratio. The increase in the net power 
output of the system by increasing the pressure ratio can be shown as the 
result of this situation. In Fig. 5, the effect of the pressure ratio on the net 
power output and the total cost rate are presented. As can be seen in this 
figure, the increase in pressure ratio increases the net power output and 
it has an effect on increasing the total cost rate. This can be explained as 
follows: with increase in the pressure ratio, the total investment cost of 

Fig. 10. Effect of the T15 on thermodynamic results of GT-ORC.  

Fig. 12. Effect of the PRGT on thermodynamic results of GT-KAL.  

Fig. 13. Effect of the PRGT on thermoeconomic results of GT-KAL.  

Fig. 14. Effect of the LMTDGTHE on thermodynamic results of GT-KAL.  

Fig. 15. Effect of the LMTDGTHE on thermoeconomic results of GT-KAL.  

Fig. 11. Effect of the T15 on thermoeconomic results of GT-ORC.  
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the cycle is increased. For this reason, the total cost rate also increases. 

3.2.2. Effect of LMTDGTHE on GT-ORC 
The effect of LMTDGTHE on the energy and the exergy efficiencies and 

the net power output of GT-ORC is presented in Fig. 6. The increase in 
LMTDGTHE leads to a decrease in the energy and exergy efficiencies and 
consequently, the net power output. Thus, an increase in LMTDGTHE 
causes increasing amounts of the heat losses from the GTHE. As a result, 
the energy and exergy efficiencies and the net power output reductions 
in the GT-ORC system can be expected. It can be seen in Fig. 7 that an 
increase in the LMTDGTHE causes a decrease in the total cost rate of the 
GT-ORC. This result can be attributed to the fact that the decrease in the 

net power output causes a decrease in the total cost rate of the GT-ORC. 
The reduction in the net power output is significant enough to affect the 
total cost rate due to the high amount of capital cost rate of GT. 

3.2.3. Effect of PRORC on GT-ORC 
The effect of the pressure ratio of ORC on the energy and exergy 

efficiencies and the net power output of GT-ORC is presented in Fig. 8. In 
this figure, it can be seen that an increase in the inlet pressure of ORC 
causes a decrease in the energy and exergy efficiencies and the net 
power output. An increase in the pressure ratio of ORC greatly increases 
the power required for the operation of the pump in the ORC system. As 
a result, the net power output of the GT-ORC system severely reduces, 
and the energy and exergy efficiencies decrease accordingly. However, 
as shown in Fig. 9, a reduction in the net power output does not always 
result a reduction in total cost rate. The increase in the total investment 
cost of the pump in the ORC system results an increase in the total cost. 

3.2.4. Effect of the exit temperature of the exhaust gas from the evaporator 
on GT-ORC 

The effect of the exit temperature of the exhaust gas from the 
evaporator on the energy and the exergy efficiencies and the net power 
output of GT-ORC are presented in Fig. 10. It can be said that an increase 
in the exit temperature of the exhaust gas causes a decrease in the energy 
and the exergy efficiencies and the net power output. As the exit tem-
perature of the exhaust gas increases, amount of heat transfer in the 
evaporator and consequently net power output decreases. Due to these 
reductions, the energy and exergy efficiencies of the cycle also decrease. 
Herein, the decrease in total cost rate can be explained by increasing the 
total capital cost of the ORC system. Fig. 11 shows the effect of exit 
temperature of the exhaust gas from the evaporator on the net power 

Fig. 16. Effect of the PRKAL on thermodynamic results of GT-KAL.  

Fig. 17. Effect of the PRKAL on thermoeconomic results of GT-KAL.  

Fig. 18. Effect of the LMTDGEN on thermodynamic results of GT-KAL.  

Fig. 19. Effect of the LMTDGEN on thermoeconomic results of GT-KAL.  

Fig. 20. Effect of the ṁNH3H2O on thermodynamic results of GT-KAL.  
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output and the total cost rate of the GT-ORC system. 

3.2.5. Effect of PRGT on GT-KAL 
The effects of PRGT on the energy and the exergy efficiencies and the 

net power output of the GT-KAL are presented in Fig. 12. It is clearly 
seen that an increase in the pressure ratio causes an increase in the 
energy and the exergy efficiencies as well as an increase in the net power 
output. The increase in the pressure difference between the inlet and 
outlet streams of the GT can be provided with the pressure ratio of GT 

cycle. The increase in the pressure ratio significantly increases the net 
power output in the GT system, which directly affects the combined 
system. An increase in the energy and the exergy efficiencies can be 
explained as a result of this increment. Fig. 13 shows that the increase in 
the pressure ratio not only results in power output but also increases the 
capital investment costs of the components in the GT-KAL. For this 
reason, it is clearly seen that the total cost rate also increases. 

3.2.6. Effect of LMTDGTHE on GT-KAL 
Fig. 14 shows the effect of the LMTD in the GTHE on the energy and 

the exergy efficiencies and the net power output of the GT-KAL. The 

Fig. 21. Effect of the ṁNH3H2O on thermoeconomic results of GT-KAL.  

(a) (b)

Fig. 22. Pareto frontier of (a) GT-ORC (b) GT-KAL.  

Table 11 
The variation of decision stage and optimum design.   

Decision parameters Decision stage Optimumdesign 

GT-ORC PRGT  2.8  3.25 
LMTDGTHE  9.6  10.46 
PRORC  5  3.11 

T15(
◦C) 90  81.17 

GT-KAL PRGT  2.8  3.06 
LMTDGTHE  9.6  10.57 
PRKAL  3  2.94 
LMTDGEN  5.85  8.78 
ṁNH3H2O  2.2  2.09  

Table 12 
NSGA-II results of the systems.   

Properties Developed model Optimum Solution Deviation (%) 

GT-ORC Ẇnet(kW) 1508 1701 (+) 11.34 

η(%) 18.76 20.79 (+) 9.76 
ε(%) 38.43 43.06 (+) 10.75 

Ċtot($/h) 84.94 80.52 (− ) 5.48 

Żtot($/h) 39.61 33.40 (− ) 18.59 

GT-KAL Ẇnet(kW) 1594 1610 (+) 0.99 

η(%) 19.71 21.03 (+) 6.27 
ε(%) 40.53 41.93 (+) 3.33 

Ċtot($/h) 74.25 72.94 (− ) 1.79 

Żtot($/h) 31.63 31.22 (− ) 1.31  Table 10 
The boundaries of the decision parameters of GT-ORC.  

GT-ORC PRGT  2.3⩽PRGT⩽3.3  
LMTDGTHE  7.6⩽LMTDGTHE⩽11.6  
PRORC  3⩽PRORC⩽7  

T15(
◦C) 80⩽T15⩽100  

GT-KAL PRGT  2.3⩽PRGT⩽3.3  
LMTDGTHE  7.6⩽LMTDGTHE⩽11.6  
PRKAL  2.5⩽PRGT⩽3.5  
LMTDGEN  2⩽LMTDGEN⩽9.7  
ṁNH3H2O  1.9⩽ṁNH3H2O⩽2.5   
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increase in the LMTDGTHE causes a reduction in the amount of heat 
transfer from exhaust gas to the CO2. As a result, the performance of the 
system decreases. The decrease in the net power output and conse-
quently the energy and exergy efficiencies are clearly seen in Fig. 14. 
Fig. 15 shows that an increase in the LMTDGTHE causes a decrease in the 
total cost rate of the GT-KAL. It can be said that the decrease in the net 
power output causes a decrease in the total cost rate of the GT-KAL cycle. 
The total capital investment costs of GTHE and GT can be remarkably 
decreased by increasing the LMTDGTHE. Then it can be stated that the net 
power output is a dominant parameter on the total cost rate of the 
systems. 

3.2.7. Effect of PRKAL on GT-KAL 
The effect of the PRKAL on the energy and the exergy efficiencies and 

the net power output of the GT-KAL are presented in Fig. 16. It is seen 
that the increase in the pressure ratio of the Kalina cycle provides an 
increase in the energy and exergy efficiencies as well as an increase in 
the net power output. Herein, it can be stated that the increasing effect of 
the pressure ratio of the Kalina cycle on the power output is not the same 
as the effect of the pressure ratio of the GT cycle. However, the increase 
in net power output causes an increase in the total investment costs of 
components in GT-KAL accordingly an increase in the total cost rate. 
Fig. 17 shows the effect of the PRKAL on the net power output and the 
total cost rate of GT-KAL. 

3.2.8. Effect of LMTDGTHE on GT-KAL 
Fig. 18 shows the LMTDGTHE effects on the energy and exergy effi-

ciencies and the net power output of GT-KAL. The increase in LMTDGTHE 
causes a reduction in the amount of heat transfer from exhaust gas to 
ammonia-water solution. In consequence, the performance of the system 
decreases. The decrease in the net power output and subsequently in the 
energy and exergy efficiencies is clearly seen in Fig. 18. It can be seen in 
Fig. 19 that an increase in the LMTDGTHE causes a decrease in the total 
cost rate of the GT-KAL. It can be stated that a decrease in the net power 
output causes a decrease in the total cost rate of the GT-KAL. The total 
capital investment costs of GTHE and GT remarkably decrease by 
increasing the LMTDGTHE. Therefore, it can be resulted that the net 
power output is a dominant parameter on the total cost rate of the 
systems. 

3.2.9. Effect of the mass flow rate of ammonia-water solution on GT-KAL 
Fig. 20 indicates the effect of the mass flow rate of ammonia-water 

solution on the energy and the exergy efficiencies and the net power 
output of the GT-KAL. An increase in the mass flow rate of ammonia- 
water solution provides an increase in the energy and exergy effi-
ciencies as well as an increase in the net power output. This is because 
the working fluid used in the cycle is directly related to the power 
generation in the system. For this reason, an increase in the mass flow 
rate of the working fluid is an advantage for this kind of system. How-
ever, the power produced also depends on the heat transfer from the 
heat source due to the inlet properties of the working fluid in the turbine. 
The total investment costs of the components of the GT-KAL system are 
also increased as a result of an increase in the net power output. The 
total cost ratio also increases accordingly. The relationship among the 
mass flow rate of the working fluid, the net power output and the total 
cost rate of GT-KAL is shown in Fig. 21. 

3.3. Optimization 

In order to perform the thermoeconomic analyses of the GT-ORC and 
the GT-KAL, the NSGA-II method, which is the most used multi-objective 
optimization method, is employed so as to optimize the systems in frame 
of the total cost rate and exergy efficiency. In the GT-ORC system, PRGT, 
LMTDGTHE, PRORCand the exit temperature of the exhaust gas from 
evaporator, and in the GT-KAL system, PRGT, LMTDGTHE, PRKAL, 
LMTDGEN and ṁNH3H2O are selected as decision parameters in order to 

optimize the systems. Throughout the optimization, the population size, 
the Pareto fraction and the number of generations are set to 120, 0.8 and 
1000, respectively. The upper and the lower boundaries of the decision 
parameters are given in Table 10. 

The pareto frontiers of the GT-ORC and the GT-KAL are given in 
Fig. 22, while considering the optimum exergy efficiency and total cost 
rate. The inverse proportional relations of the thermodynamic and the 
economic performances are observed from the figures. Herein, the 
preferred optimum result may vary depending on the investor’s budget. 
Because all the results shown in the pareto frontier are evaluated as 
optimum results. The investor may desire to get a less efficient system 
with low cost by putting the cost first. On the contrary to this, they may 
want to make a more efficient system by disregarding the costs. For this 
reason, the best result is chosen as the closest point to the origin 
considering both cost and efficiency in NSGA-II optimization. The best 
solution for the exergy efficiency and total cost rate are found to be 
43.06% and $80.52/h for the GT-ORC and 41.95% and $72.94/h for the 
GT-KAL, respectively. The results are obtained by utilizing the optimum 
decision parameters. The variation of decision stage and optimum 
design values are given in Table 11. Table 12 shows the NSGA-II results 
for both systems by considering both the decision stages and the opti-
mum designs which are given in Table 11. It is clearly seen from the 
optimization results that the GT-ORC is more favorable than GT-KAL 
from the point of thermodynamic aspect. Whereas, according to the 
thermodynamic analysis results performed with design values, the 
power production of GT-KAL is seen as higher than the other system. 
However, as a result of the optimization and related improvements, it is 
revealed that it is possible to obtain a higher power production with GT- 
ORC. But it is should not be forgotten that GT-ORC has disadvantages by 
considering the economic results. This situation is directly related to the 
investors and their budget. In any case, the optimization results of both 
cycles showed that optimization is extremely important for any system. 
The net power output of the GT-ORC and the GT-KAL can be improved as 
(+) 11.34% and (+) 0.99%, respectively. In addition to this, the total 
capital cost rates of the GT-ORC and the GT-KAL can also be enhanced 
with a ratio of (-) 18.59% and (-) 1.31%, respectively by using the op-
timum solution of NSGA-II method. 

4. Conclusion 

In this study, two different combined cycles are modelled to produce 
more power in an actual solid waste power plant. In order to conduct the 
thermoeconomic analyses, SPECO method, EES and MATLAB software 
are utilized. The concluding remarks are found as follows:  

• The GT-KAL is found to be more favorable when compared to GT- 
ORC due to its higher electricity production and better thermody-
namic performance. 1594 kW electricity can be produced by using 
GT-KAL cycle and this value is 1508 kW for GT-ORC. It is obviously 
seen that the thermodynamic performance of GT-KAL is better than 
GT-ORC.  

• The energy and exergy efficiencies of GT-KAL are higher than those 
of GT-ORC. The energy and the exergy efficiencies of GT-KAL are 
calculated as 19.71% and 40.53%, respectively and these values are 
found to be 18.76% and 38.43% for GT-ORC.  

• The GT-KAL is also found to be more efficient than the GT-ORC when 
considering the economic indicators. Herein, the total cost rate and 
the total capital cost rate are significant parameters for this kind of 
consideration. As a result of the thermoeconomic optimization, the 
total cost rate and the total capital cost rate of GT-KAL are found to 
be $72.94/h and $31.22/h, respectively, which are less than those of 
GT-ORC.  

• It is stated that the GT-KAL has better performance in terms of 
thermodynamic and thermoeconomic results when compared with 
the GT-ORC at the decision stage. 
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• The deviations of net power production of the GT-ORC and the GT- 
KAL are found to be (+) 11.34% and (+) 0.99%, respectively as a 
result of the conducted optimization study. According to the devel-
oped model, the GT-KAL produces more power than the GT-ORC. 
However, according to the optimum solution results given in 
Table 12, GT-ORC with the net power production of 1701 kW is seen 
to be more efficient when compared with GT-KAL which produces 
1610 kW in the optimum solution of NSGA-II results. On the other 
hand, the total and capital cost rates of the GT-ORC are seen to be 
higher than those of the GT-KAL. Therefore, investors should 
consider these results while contemplating their budgets for instal-
lation of a power plant. 
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