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Cooling air temperature variations on the power generated, energy efficiency, and exergy efficiency of
a power plant to reduce greenhouse gas emissions. Also, mathematical modeling and analysis
of both Brayton and absorption cycles are reported utilizing EES software. The findings assess
that the power generated, energy efficiency, and exergy efficiency enhance considerably as
the compressor inlet air temperature drops. The highest net generated power reaches about
61.91 MW at an inlet air temperature of 15°C, while the lowest value of about 57.22 MW is
recorded at 50°C. In addition, at 15°C inlet air temperature, the cycle energy efficiency and
exergy efficiency are increased by about 8.2% and 50.5%, respectively, compared to 50°C inlet
temperature. Therefore, the novelty of the current work is enhancing system efficiency with-
out more fuel consumption.
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INTRODUCTION benefits of gas turbines are manifold, including high effi-

Globally, gas turbines play a vital role in meeting the ciency, low emissions, and quick startup time [3]. In addi-

ever-increasing demand for electricity [1]. They are typ- tion to power generation, waste heat recovery stands out
ically used in combined thermal power plants that rely —as another useful application for gas turbine power plants
on natural gas as their primary source of energy [2]. The because plenty can be done with the heat wasted during fuel
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combustion— such as steam generation or cooling/heating
systems [4, 5]. Yet they face an important challenge: their
performance significantly drops under high ambient tem-
peratures [6]. According to Ashley et al. [7], gas turbine
efficiency drops by 0.07%, and power output drops by 1.47
MW for every degree rise in the ambient temperature.

To counter this issue, researchers have looked into dif-
ferent methods of cooling the compressor inlet air [8, 9],
including evaporative cooling, wet compression, absorption
cooling, and mechanical cooling; each technique, though
effective, comes with limitations [10]. Evaporative cooling
exhibits a small cooling impact compared to other inlet
air cooling systems. This limitation becomes particularly
noticeable in humid environments when the capacity for
cooling is inherently constrained [11]. Still, its capital cost
is inexpensive due to the simplicity of the system’s compo-
nents [12]. The indirect evaporative cooling system was
considered a potential method for gas turbine inlet air cool-
ing [13]. The gas turbine€’s efficiency and power production
were improved by combining a humidifier with a vapor
compression or absorption cooling system. This allowed
some input air to chill before mixing it with the main air
stream. Wet compression is an operation in which water
is sprayed into the intake of the compressor and allowed
to evaporate internally, thereby reducing the compressor’s
demand by a substantial amount. The risk of erosion and
corrosion is one drawback of wet compression, potentially
increasing maintenance costs and reducing equipment
lifespan [14, 15]. An investigation was conducted into com-
bining a fogging system with an Earth-Air Heat Exchanger
to create a hybrid system for cooling the air entering gas
turbines [16]. The main results showed that the hybrid
system increased the yearly average energy production by
9.8%. However, such hybrid systems often involve higher
capital costs and increased system complexity.

The latest developed mechanical chiller achieved a
Coefticient of Performance (COP) of about 6 [6]. Typically,
it generates a significant chilling impact; however, the power
needed for operation leads to inefficiencies for the power
plant, potentially offsetting the gains from inlet air cooling.
On the other hand, absorption chillers only need a small
amount of electricity to operate the pumps, but they do not
rely on it for their primary function. Nevertheless, there
may be challenges with implementing and operating these
systems due to their complexity and necessity for a steady
heat supply. Furthermore, it is worth noting that double-ef-
fect absorption chillers, which are known for their excep-
tional efficiency, have a COP of approximately 1.5 [6]. The
four main parts of an absorption chiller are the evaporator,
condenser, generator, and absorber. The absorber mixes the
refrigerant and the absorbent, and the generator separates
the two, which is where heat is needed. Much less electricity
is required to pump the absorbent-rich liquid than would be
required for the gas compression of a mechanical chiller. To
provide intake air chilling in the combined thermal plant,
researchers have developed and implemented absorption

chillers. In these chillers, steam was used as the generator’s
heat source [17]. Boonnasa et al. [18] and Yazdi et al. [19]
have investigated various deep integrations with absorp-
tion cooling systems. Pourhedayat et al. [20] conducted
a recent review paper to compare the various gas turbine
intake air pre-cooling strategies, introducing insights into
the effectiveness of these cooling strategies under differ-
ent operating conditions. The significance of heat recovery
in combined cycle power plants for increasing electricity
production and decreasing fuel consumption was investi-
gated by Popli et al. [21]. Ameri et al. [22] conducted an
economic analysis and found that inlet air cooling for gas
turbines has an impressive internal rate of return, with a
4.2-year payback. In a basic cycle gas turbine, Sanaye et
al. [23] investigated the impact of absorption refrigeration
technology in lowering the intake air temperature from 48
to 15°C. The study found that in hot and humid climates,
the thermal efficiency of the cycle is 2.7% higher. The pay-
back period for the capital cost is 4.38 years. Moreover, the
idea of simultaneously chilling turbine coolant and the inlet
air using absorption chillers was explored [6, 24]. The cool-
ing air from the turbine was utilized as a generator’s heat
source. The evaporator was employed to cool the compres-
sor’s intake air, whereas the absorption chiller chilled the
turbine coolant. This can either reduce the coolant amount
or increase the hot gas temperature while keeping the tem-
perature of turbine blades constant, leading to more power
produced [25].

According to the literature, cooling methods have
shown the ability to enhance gas turbine performance;
however, there remains a need for more efficient and envi-
ronmentally friendly solutions. The current study proposes
a novel integrated system combining a gas turbine power
plant with an absorption refrigeration cycle for intake air
cooling. In this system, the gas turbine’s exhaust gases
power the absorption chiller’s generator, potentially provid-
ing more efficient use of waste heat and addressing some of
the limitations of existing cooling methods. One of the crit-
ical goals of this method is to reduce the amount of work
the compressor has to do while simultaneously increasing
the overall efficiency. As a result of this suggested system,
an analysis is carried out that analyzes the system’s power
output, energy efficiency, and exergy efficiency in relation
to the various temperatures of the inlet. The results of this
investigation provide significant insights into the quality
of energy use and viable optimization solutions. The main
application of the current works is to maximize the power
produced by power plants without consuming more fuel.
This will lead to a reduction in greenhouse gas emissions.

SYSTEM DESCRIPTION

The proposed system under study is shown in Figure 1.
It comprises two primary subsystems: (I) a Brayton cycle
power plant that generates electricity and (II) an Absorption
refrigeration (LiBr cycle) system that provides ambient air
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Figure 1. Schematic diagram for the proposed cycle.

cooling. Within the first subsystem, the compressor plays
its role in compressing air to a certain pressure level before
reaching the combustion chamber. The compressed air in
the combustion chamber is to be combined with fuel, which
raises its temperature while maintaining constant pressure.
Finally, the high-pressure and temperature exhaust gas is
fed to the gas turbine for power production and electricity
generation using an electricity generator.

The other subsystem is used for ambient air cooling
prior to the compressor. The ambient air entering the evap-
orator is to be cooled at constant pressure due to the effect
of refrigeration. In this cycle, the turbine’s exhaust gases
drive the generator unit in the thermal compressor. In the
generator, the heat added is used to raise the temperature
of the LiBr-water solution, and then the water is vaporized
and driven through the pipes to the condenser. The con-
denser is cooled using ambient air to convert steam back
to water. The expansion valve reduces the refrigerant tem-
perature and pressure to chill down the ambient air in the
evaporator. The refrigerant converts from liquid to vapour
state, which is absorbed by a strong concentration solution.
The pump, operated using produced electricity, is used to
circulate solution in the cycle.

The current investigation aims to study the effect of
intake air temperature by produced power from the power
plantm, cycle energy efficiency, and cycle exergy efficiency.

MATHEMATICAL MODELLING

Brayton Cycle Analysis

To evaluate the Brayton cycle’s performance and maxi-
mize energy use, two important factors are its efficiency and
exergy analysis. Efficiency is the ratio of useful work pro-
duction to total energy input, which demonstrates the cycle’s
ability to transform heat into work. On the other hand, exergy
analysis assesses the quality of energy and pinpoints regions
of irreversibility and inefficiency in the system. Assessing
exergy destruction at each stage reveals potential improve-
ments and optimization opportunities. Efficiency and exergy
analysis provide detailed assessments of the Brayton cycle’s
performance, directing advances in energy conversion tech-
nology and sustainable engineering practices [26].

The mathematical expressions which depict these pro-
cedures are shown here below [27], [28]:

Heat added Q;;, = 1 X Cp iy X (T3 — T3) (1)
Heat rejected Oy = 1M X Cp,air X (T, —Ty) (2)

Isentropic process analysis (P2 = P3 and P4 = P1)
TZ PZ (k-1)/k P3 (k—1)/k T3
n=) =G

) Tn, ¢
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Power Power = Q;;, — Qoue 4)
_ Ty x (T,/T, — 1)
T, X (T3/T, — 1)

To X (Ty/To — 1)
Ty x (T5/T, — 1)

Efficiency n, = 1 (5)

Exergy n,; =1 (6)
The following table reveals the parameters used in cycle
analysis based on the literature.

Absorption Cycle Analysis

An integral part of every Brayton cycle, the LiBr-water
solution chiller lowers the temperature of the air outside the
compressor chamber, hence increasing the cycle’s efficiency.
It is possible to efficiently extract heat from gas flows by
making use of turbine exhaust gases. In EES software, after
creating the assumption, the exhaust gas enters the gener-
ator section to heat up the LiBr-water solution to separate
water from LiBr. The water vapor enters the condenser to
convert to water in a liquid phase. This water enters the
expansion device to lower its pressure and temperature and
cool the air in the evaporator.

Improving the cycle’s overall efficiency is possible by
lowering the inflow air temperature, which in turn reduces
the workload for the compressor. Gas turbine engines are
made more environmentally friendly and financially via-
ble by increasing their power output and efficiency using
this technology. To maximize energy efficiency and mini-
mize environmental impact, the LiBr-water solution chiller

Table 1. Current analysis parameters

Parameters Symbol  Value
Air mass flow rate 1 400 kg/s
Turbine input temperature T, 727 °C
Compressor outlet temperature T, 477 °C
Inlet pressure P, 1 bar
Compressor and turbine isentropic n 90%

efficiency [29]

is needed. What follows is an illustration of the equations
used to characterize the chiller model (Table 2) [6, 30] :

Where, m, is the refrigerant flow rate in kg/s, m,, is the
weak solution flow rate in kg/s, m_ is the strong solution
flow rate in kg/s, T is the evaporator temperature, T is the
generator temperature, and T is the reference temperature
of 0 °C. Further, the flow chart of the solution process is
illustrated in Figure 2. The EES stops calculation when the
difference between the assumed and calculated tempera-
tures is less than 10°. Flow charts are essential visual tools
that simplify complex processes, enhance understanding,
facilitate decision-making, and improve communication by
providing a clear, step-by-step representation of workflows.

The solution of the current model is conducted firstly
by calculating the required compressor power based on the
pressure ratio and ambient temperature; the amount of heat
added to the combustion chamber is calculated. Finally, the
net power is estimated by subtracting compressor power
from turbine power. The exhaust gases are used to drive the
vapor absorption cycle to cool down the compressor inlet
temperature. As mentioned before, the code makes a loop
to make the difference between the assumed and calculated
temperatures less than 10°.

RESULTS AND DISCUSSION

After running the Engineering Equations Solver (EES)
through a cycle analysis, the key takeaways from the present
study are detailed below. Power generation, cycle efficiency
(as defined by the first law of thermodynamics), and exergy
efficiency (as defined by the second law of thermodynam-
ics) are the main foci of this investigation.

The assumption used in EES simulation is illustrated as
follows:

o Steady-state operation without including the pressure
drop.

o Constant specific heat and isentropic efficiency.

« Heat exchanger efficiency 85%.

Effect of Inlet Temperature on Power
The cycle parameters, such as the combustion cham-
ber and turbine input temperatures, remain constant to

Table 2. Illustration of the equations used to characterize the chiller model

QE (kW) =m, X (hEvap,out - hEvap,in)

Evaporator balance . (7)
P Qe(kW) =m'X ¢pqiy X (T3 — T2) X Nyx
Generator balance Q (kW) = mgshe apsorper + Mrheo condenser — mwshfrom absorber (8)
Q
Cycle COP COPyg qor = — 9)
Q¢
Crele E ¢ = COPpsqact (QE) (To - TE) ( T ) (10)
cle Exer: ===
yee ey " COPasigear \Q6/\ Tz /\Tg—To
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Figure 2. Flow chart of the mathematical methodology

estimate the net output power correctly. Figure 3 demon-
strates the impact of compressor intake temperature on
the net output power. As shown in this figure, the output
power improved as the inlet temperature decreased due to
the cooling effect of the absorption chiller. Therefore, the
reduction in temperature has a positive impact on output
power. The maximum value is 61.91 MW obtained at 15°C,
and the lowest value is 57.22 MW at 50°C, as indicated in
the figure.

Effect of Inlet Temperature on System Efficiency and
Exergy

The second main concern is estimating the system
efficiency according to the first law of thermodynamics.
Figure 3 illustrates the impact of compressor intake tem-
perature on the cycle efficiency. As mentioned before, the

Start

power increases with a reduction in the temperature with
the constant heat input because of constant parameters, as
mentioned in Table 1. The improvement in power led to
an improvement in cycle efficiency because the input heat
is constant. Figure 4 shows that the improvement of cycle
efficiency results from temperature reduction. The maxi-
mum value is 61.6 % obtained at 15°C, and the lowest value
is 56.93 % at 50°C, as indicated in the figure.

The second main concern is estimating the system
exergy according to the second law of thermodynamics.
Figure 4 illustrates the impact of compressor intake tem-
perature on the cycle exergy. As mentioned before, the
power increases with a reduction in the temperature with
the constant heat input because of constant parameters,
as mentioned in Table 1. The improvement in power led
to an improvement in cycle exergy because the input heat
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Figure 3. Impact of compressor input temperature on net output power.

is constant. Figure 5 shows that the improvement of cycle
exergy results from temperature reduction. The maximum
value is 55.66 % obtained at 15°C, and the lowest value is
36.99 % at 50°C, as indicated in the figure.

As indicated in these figures, exergy efficiency is lower
than energy efficiency as energy efficiency measures the
overall usefulness of energy, including both high-quality
and low-quality forms of energy. In contrast, exergy spe-
cifically considers the highest-quality energy available
within a system. The absorption cooling system enhances
the power output and efficiency of gas turbines by lowering
the temperature of the air that enters the compressor. This
is especially beneficial in hot areas, where high ambient

62

temperatures usually lead to a decrease in performance.
The colder and more compact incoming air decreases the
energy needed by the compressor, enabling a more signifi-
cant amount of air to pass through and potentially achieving
higher pressure ratios. As a result, there is an enhancement
in the efficiency of the cycle and a rise in the capacity for
power generation.

Effect of COP on System Efficiency

On the one hand, the COP of the absorption refriger-
ation cycle directly impacts how effectively it can cool the
inlet air of the Brayton cycle compressor. A higher COP
means more efficient cooling, which leads to cooler air
entering the compressor. Figure 6 shows the effect of the
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Figure 4. Impact of compressor input temperature on system efficiency.
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COP on the cycle efficiency. As shown in this figure, as the
COP increased, the efficiency increased.

On the other hand, the energy (COP) efficiency and
exergy efficiency of the absorption cycle remain constant
during the analysis because of the constant generator tem-
perature and constant evaporator temperature. The results
showed that the COP of the absorption cycle is 0.899 and
the exergy efficiency is 0.3615, respectively.

Literature Review Comparison
The performance of the current study, especially intake
air cooling systems in gas turbine power plants, has been

highly improved by combining absorption refrigeration
equipment. The maximum net power we reproduced in
the current study was 61.91 MW, and this was the inlet air
temperature of 15 °C, and when the air inlet temperature
was 50°C, only ~57.22 MW reached the grid. This conclu-
sion is in agreement with the results obtained by Shukla and
Singh [31], which explain that lower inlet temperatures are
beneficial for gas turbine performance since increases in air
density and mass flow rates, as well as better combustion,
can be reached, hence, positivism in power output.

At 15°C and compared to 50°C working conditions, an
8.2% and 50.5% increase in cycle energy efficiency and exergy

20 30 40
Compressor inlet temperature (°C)

50 60

Figure 5. Impact of compressor input temperature on system exergy.
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Figure 6. Impact of COP on system efficiency.
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efficiency was observed. These findings are also compatible
with those of Elberry et al. [8], who illustrated that employ-
ing waste heat to improve energy and exergy efficiencies with
the application of a lithium bromide-water absorption cool-
ing unit in a gas turbine combined cycle is beneficial. These
studies speak to the significance of increasing the inner per-
formance of heat and power plants by optimizing the inlet air
temperature, which provides an interesting direction for the
further growth of energy systems.

CONCLUSION

This study successfully achieved its objective of enhanc-
ing the efficiency of a gas turbine power plant by integrat-
ing it with an absorption refrigeration cycle to cool the
inlet air using exhaust gases. The results demonstrated that
reducing the compressor inlet air temperature significantly
boosts the plant’s performance. The highest values recorded
were 61.91 MW, 61.6%, and 55.66%, respectively, when the
inlet temperature was 15°C. The concept lies in utilizing
waste heat to cool the inlet, hence enhancing power gener-
ation, efficiency, and sustainable practices. Future work can
investigate other combinations, maximize integration, and
conduct environmental and economic studies. The study’s
limitations are in Table 1 and the assumption.

The authors recommended that future work conduct a
complete economic analysis, including the levelized cost of
energy, payback period, and rate of return.

AUTHORSHIP CONTRIBUTIONS

Authors equally contributed to this work.

DATA AVAILABILITY STATEMENT

The authors confirm that the data that supports the
findings of this study are available within the article. Raw
data that support the finding of this study are available from
the corresponding author, upon reasonable request.

CONFLICT OF INTEREST

The author declared no potential conflicts of interest
with respect to the research, authorship, and/or publication
of this article.

ETHICS

There are no ethical issues with the publication of this
manuscript.

STATEMENT ON THE USE OF ARTIFICIAL
INTELLIGENCE

Artificial intelligence was not used in the preparation
of the article.

REFERENCES

[1] Faisal S, Rao BN, Houran MA, Agrawal MK, Ayadi
M, Ooi JB, et al. Multi-aspect analysis of an innova-
tive environmentally friendly process integrated into
a gas turbine power plant using a multi-heat recovery
approach. Desalination 2024;576:117365. [CrossRef]

[2] Carcasci C, Cosi L, Ferraro R, Pacifici B. Effect of a
real steam turbine on thermoeconomic analysis of
combined cycle power plants. Energy 2017;138:32-
47. [CrossRef]

[3] Cao Y, Zoghi M, Habibi H, Raise A. Waste heat
recovery of a combined solid oxide fuel cell - gas
turbine system for multi-generation purposes. Appl
Therm Eng 2021;198:117463. [CrossRef]

[4] LiuZ, Zhao X, Qi Y. A novel zero-emission process
for the co-production of power, natural gas liquid,
and carbon dioxide based on shale gas. Appl Therm
Eng 2023;231:120950. [CrossRef]

[5] Li HM, Li GX, Li L, Wu JZ, Yao ZP, Zhang T.
Combustion characteristics and concentration mea-
surement of ADN-based liquid propellant with elec-
trical ignition method in a combustion chamber.
Fuel 2023;344:128142. [CrossRef]

[6] KwonHM,Kim TS, Sohn JL, Kang DW. Performance
improvement of gas turbine combined cycle power
plant by dual cooling of the inlet air and tur-
bine coolant using an absorption chiller. Energy
2018;163:1050-1061. [CrossRef]

[7] De Sa A, Al Zubaidy S. Gas turbine performance
at varying ambient temperature. Appl Therm Eng
2011;31:2735-2739. [CrossRef]

[8] Elberry ME Elsayed AA, Teamah MA, Abdel-
Rahman AA, Elsafty AF. Performance improvement
of power plants using absorption cooling system.
Alexandria Eng ] 2018;57:2679-2686. [CrossRef]

[9] Karakurt AS, Giines U. Performance analysis of a

steam turbine power plant at part load conditions. |

Therm Eng 2017;3:1121-1128. [CrossRef]

Kim KH, Ko HJ, Kim K, Perez-Blanco H. Analysis of

water droplet evaporation in a gas turbine inlet fog-

ging process. Appl Therm Eng 2012;33-34:62-69.

[CrossRef]

Carmona J. Gas turbine evaporative cooling eval-

uation for Lagos - Nigeria. Appl Therm Eng

2015;89:262-269. [CrossRef]

Farzaneh-Gord M, Deymi-Dashtebayaz M. Effect of

various inlet air cooling methods on gas turbine per-

formance. Energy 2011;36:1196-1205. [CrossRef]

Najjar YSH, Abubaker AM. Indirect evaporative com-

bined inlet air cooling with gas turbines for green power

technology. Int J Refrig 2015;59:235-250. [CrossRef]

Sanaye S, Tahani M. Analysis of gas turbine operat-

ing parameters with inlet fogging and wet compres-

sion processes. Appl Therm Eng 2010;30:234-244.

[CrossRef]

(10]

(11]

(12]

(13]

(14]


https://www.sciencedirect.com/science/article/abs/pii/S0360544221017023#!
https://www.sciencedirect.com/science/article/abs/pii/S0360544221017023#!
https://www.sciencedirect.com/science/article/abs/pii/S0360544221017023#!
https://www.mapsofindia.com/maps/india/
https://www.afs.enea.it/project/neptunius/docs/fluent/html/ug/main_pre.htm
https://doi.org/10.1016/j.rser.2012.05.030
https://doi.org/10.1016/S1359-4311(96)00054-3
https://doi.org/10.1016/j.egypro.2017.12.141
https://doi.org/10.1016/j.applthermaleng.2006.08.001
https://doi.org/10.1016/j.applthermaleng.2015.02.030
https://doi.org/10.1016/j.apenergy.2018.02.064
https://doi.org/10.1016/j.rser.2007.10.005
https://doi.org/10.1016/j.enconman.2005.03.009
https://doi.org/10.1016/j.renene.2016.08.057

J Ther Eng, Vol. 11, No. 4, pp. 961-969, July, 2025

969

(15]

(16]

(17]

(18]

(19]

(20]

(21]

(22]

(23]

Cetin B, Ozen E. Comparative energy and exergy
analysis of a power plant with super-critical and
sub-critical. ] Therm Eng 2018;4:2423-2431. [CrossRef]
Barakat S, Ramzy A, Hamed AM, El Emam SH.
Augmentation of gas turbine performance using
integrated EAHE and fogging inlet air cooling sys-
tem. Energy 2019;189:116133. [CrossRef]

Popli S, Rodgers P, Eveloy V. Gas turbine efficiency
enhancement using waste heat powered absorption
chillers in the oil and gas industry. Appl Therm Eng
2013;50:918-931. [CrossRef]

Boonnasa S, Namprakai P, Muangnapoh T.
Performance improvement of the combined cycle
power plant by intake air cooling using an absorp-
tion chiller. Energy 2006;31:2036-2046. [CrossRef]
Yazdi MR, Aliehyaei M, Rosen MA. Exergy, eco-
nomic and environmental analyses of gas turbine
inlet air cooling with a heat pump using a novel
system configuration. Sustainability 2015;7:14259-
14286. [CrossRef]

Pourhedayat S, Hu E, Chen L. A comparative and
critical review on gas turbine intake air pre-cool-
ing strategies. Therm Sci Eng Prog 2023;41:101828.
[CrossRef]

Popli S, Rodgers P, Eveloy V. Trigeneration scheme
for energy efficiency enhancement in a natural gas
processing plant through turbine exhaust gas waste
heat utilization. Appl Energy 2012;93:624-636.
[CrossRef]

Ameri M, Hejazi SH. The study of capacity enhance-
ment of the Chabahar gas turbine installation using
an absorption chiller. Appl Therm Eng 2004;24:59-
68. [CrossRef]

Sanaye S, Amani M, Amani P. 4E modeling and
multi-criteria optimization of CCHPW gas turbine
plant with inlet air cooling and steam injection.
Sustain Energy Technol Assessments 2018;29:70-
81. [CrossRef]

(24]

(25]

(26]

(27]

(28]

(29]

(30]

(31]

Kwon HM, Kim JH, Kim TS. Gas Turbine
Performance Enhancement by Inlet Air Cooling and
Coolant Pre-Cooling Using an Absorption Chiller.
Proc ASME Turbo Expo 2016;3. [CrossRef]

Kwon IH, Kang DW, Kim TS. Using coolant modu-
lation and pre-cooling to avoid turbine blade over-
heating in a gas turbine combined cycle power plant
fired with low calorific value gas. Appl Therm Eng
2013;60:285-294. [CrossRef]

Alghamdi A, Ponnore J, Hassan AM, Alqahtani S,
Alshehery S, Anqi AE. Exergy-economic analysis of
a hybrid combined supercritical Brayton cycle-or-
ganic Rankine cycle using biogas and solar PTC
system as energy sources. Case Stud Therm Eng
2023;50:103484. [CrossRef]

Alrobaian AA. Energy, exergy, economy, and envi-
ronmental (4E) analysis of a multi-generation
system composed of solar-assisted Brayton cycle,
Kalina cycle, and absorption chiller. Appl Therm
Eng 2022;204:117988. [CrossRef]

Bani-Hani E, El Haj Assad M, Alzara M, Yosri
AM, Aryanfar Y, Castellanos HG, et al. Energy and
exergy analyses of a regenerative Brayton cycle uti-
lizing monochlorobiphenyl wastes as an alternative
fuel. Energy 2023;278:127861. [CrossRef]

Efficiency of Gas Turbines - Petrotech | Control
Systems Solutions. Available at: https://petrotechinc.
com/efliciency-of-gas-turbines/ Accessed on Aug
12, 2024.

Zivi¢ M, Galovi¢ A, Avsec J, Holik M. Exergy analy-
sis of a brayton cycle with variable physical proper-
ties and variable composition of working substance.
Teh Vjesn 2016;23:801-808. [CrossRef]

Talal W, Akroot A. An exergoeconomic evaluation
of an innovative polygeneration system using a
solar-driven rankine cycle integrated with the al-qa-
yyara gas turbine power plant and the absorption
refrigeration cycle. Machines 2024;12:133. [CrossRef]


https://doi.org/10.1016/j.ijheatmasstransfer.2014.07.054
https://doi.org/10.1016/j.rser.2017.01.169
https://doi.org/10.1016/j.solener.2021.10.043
https://doi.org/10.1088/1757-899X/376/1/012035
https://doi.org/10.1080/00218839.1977.11099860
https://doi.org/10.1016/j.applthermaleng.2022.119671
https://doi.org/10.1016/j.psep.2023.04.025
https://doi.org/10.1080/15567036.2023.2174620
https://doi.org/10.1016/j.molliq.2017.03.096
https://doi.org/10.1016/j.jtice.2022.104381
https://doi.org/10.1016/j.enconman.2023.117020
https://doi.org/10.1016/j.renene.2023.06.016
https://doi.org/10.1016/j.enconman.2019.112384
https://doi.org/10.1016/j.renene.2018.12.095
https://doi.org/10.1016/j.solener.2019.11.044
https://doi.org/10.1016/j.solener.2019.11.044
https://doi.org/10.1016/j.expthermflusci.2015.11.025
https://doi.org/10.1016/j.enconman.2015.11.034

