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Abstract: The parametric analysis of combined system having gas turbine, supercritical carbon 
dioxide (sCO2) Brayton cycle, organic Rankine cycle for power and cooling by vapor absorption 
refrigeration are studied here. The results provide valuable insights into the exergetic efficiency, 
exergy destruction, power output, efficiency and refrigeration effect. The combined system offers 
the maximum exergetic efficiency of 42% at cycle pressure ratio 14, turbine inlet temperature 1400 
K, while at these operating states, the power output is 484.38 kW. The variables cycle pressure ratio, 
turbine intake temperature, and evaporative temperature have all been analyzed for their impact. 
The GT-sCO2-ORC cycle's power output goes up from 250.53 kW to 484.38 kW and its efficiency 
goes up from 45.68% to 54.59%, when the cycle's pressure ratio is adjusted from 6 to 14. Maximum 
exergy destruction of 26% is found in condenser of ORC cycle and negligible in pump. The results 
of the study demonstrate that, under conditions of 55-60%, LiBr concentration, the coefficient of 
performance and refrigeration effect of the system exhibit improvement as the generator & 
evaporator temperature increases. The coefficient of performance and refrigeration effect reach their 
minimum values i.e. 0.702 and 283.91 kW, respectively at an evaporator temperature of 5℃, 
whereas their maximum values i.e. 0.775 and 313.39 kW respectively are seen at an evaporator 
temperature of 15℃.  

 
Keywords: Turbine Inlet Temperature; Exergetic efficiency; Coefficient of performance; 

Supercritical CO2 

 

1. Introduction 
Energy, resources, environment, and human life are all 

seriously threatened by global warming brought on by 
excessive carbon emissions1–8). As a result, every country 
on the planet is worried about global warming and 
attempting to develop a low-carbon, ecologically sound 
plan of action.9-11). The Paris Agreement states that 
preindustrial levels of warming should not be exceeded by 
more than 2 ℃, with 1.5℃ being the optimum12–14). In 
order to reach carbon balance by the middle of this century, 
countries are making major plans for decarbonized, 
energy-efficient, and extremely sustainable energy 
systems15-17). In actuality, roughly 50% of worldwide 
ultimate energy usage comes from heat energy18–20). 
Thermodynamic energy is significant and extensively 
employed. Recent studies have emphasized the 
importance of thermal energy in lowering pollution, and 
examples include the European Road Map for Heat21–23). 
With a rate of 4.3 x 1020 J/h, the energy of the sun's rays 
hitting Earth's surface is about similar to that of 5 million 

tonnes of unburned coal24,25). However, thermal energy 
continues to be challenging to harness effectively. Around 
the world, there are an increasing number of sun power 
projects, and new solar thermal power generation methods 
and designs are constantly being developed. The organic 
Rankine cycle (ORC) and heat transfer oil have found 
extensive usage in places with low and moderate 
temperatures26,27). But many organic fluids that have 
strong thermodynamic properties also undergo thermal 
disintegration at high temperatures. The turbine inlet 
temperature further restricts the potential to increase 
thermal efficiency. In light of this, conventional steam 
Rankine cycles and enormous solar tower power plants 
are still valued28) and molten salt thermal storage 
technology is advancing quickly alongside them29,30). As a 
turbine, M. Sharma et al.31) used an expander with an input 
temperature of 150 °C. In their environmentally friendly 
studies, P. Animest et al. used carbon dioxide as a medium 
32). Even though liquid salt is solely utilized as a thermal 
storage medium, its flaws—including cavitation, 
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corrosion, uneven heat transmission, thermal insulation, 
and others—continue to challenge researchers.33). The 
SCO2 Brayton cycle has experienced fast growth 
recently34), and because of its high heat efficiency and tiny 
engine capacity, it is the most optimistic replace cycle35,36). 
This has made solar energy study into this field very 
common37-40). In order to maximize heat performance, 
researchers have looked into combining the SCO2 Brayton 
cycle with an ORC device41,42).  

Rahman et al. created a portable solar cooling system 
utilizing a vapor absorption refrigeration system with a 
LiBr and water combination as an option, capable of 
cooling 300W43). By modelling and developing a solar 
chiller, Muneer et al. were able to assess the system's 
efficacy, COP, cooled water temperature, and systems 
with different types of solar collectors44). Choosing an 
optimal sun collection for the thermal load of the engine 
Li et al. investigated optimal operation of the device45). 
M.I. Alhamid et al.46) also investigated the efficiency of 
cooling towers for machinery, namely condenser 
components, when used as a coolant to liquify working 
fluid. This setup is compatible with the same working 
fluids used and tested by M.A. Islam et al.58)  

Sokhansefat et al. determined the impact of the 
absorption chiller's solar component on a number of 
elements, including the collecting field, the temperature 
set point, and the mass flow rate, and discovered that the 
current design could use a 28% improvement in 
efficiency47).  

Thermal energy storage innovations like Heat Transfer 
Fluid (HTF) and Phase Change Material (PCM) were 
mentioned as examples of the technical advances made by 
the different parts of the solar-powered combined cycle 
system.48-52). Using intercooling and warming of the gas 
engine, researchers performed temperature study of the 
integrated combined cycle53). Researchers analysed the 
impacts of heat recovery steam generators, intake misting, 
and steam input on combined cycles, and assessed how 
these factors affect power facilities54,55). 

 
2. Objective/Novelty of Present Study 

After the literature survey, there appears to further 
utilize available energy in waste heat in an integrated GT-
sCO2- ORC-VARS system. Present work deals with the 
thermodynamic modeling and analysis of a solar powered 
combined power cycle consisting of the Brayton cycle, 
supercritical CO2 and Organic Rankine cycle along with 
VARS based on first law and the second law of 
thermodynamics. 

Therefore, the present combined arrangement is studied 
for utilizing the waste heat to run the VARS based on 
LiBr-H2O while using the exhaust heat in HRVG for 
powering organic Rankine cycle to augment the power 
output. The potential of the proposed combined power & 
cooling system is thermodynamically investigated 
through the First & Second law of thermodynamics study 
of integrated system. The ORC used for utilizing the 

waste heat runs on the working fluid R152a for getting the 
expansion work from the ORC turbine. For effective heat 
utilisation, it is clear that more study on solarized 
integrated cycles using air/sCO2 as the working fluid and 
integrating them with organic Rankine cycles and other 
low temperature power cycles is warranted. Parabolic 
collectors are widely used to recover solar energy, but 
heliostat-based systems perform better, making them an 
appealing choice for solar energy capture68). This 
approach is applied in the current investigation with 
continuous sun irradiation. As of best of author’s 
knowledge, an innovative GT- sCO2-ORC and Cooling 
cycle combination has not been studied from this 
perspective and hence same has been suggested to 
accomplish the following objectives: 

 

• To perform parametric analysis of integrated 
systems 

• To study the effect of gas turbine inlet temperature, 
pressure ratio on the cycle performance like 
efficiency, power output etc. 

• Examine the effect of evaporation temperature on  
Refrigeration Effect & COP of VARS. 

• To calculate Exergetic Efficiency in Different Cycle 
Combination.  

• To determine the exergy destroyed by each 
constituent  
 

3. System Description 
Schematic diagram of the GT-sCO2-ORC-VARS 

Integrated System has been shown in the Fig.1. Here, air 
is compressed in GT cycle and exhaust of GT is used as 
input to sCO2 cycle, which is combined with ORC cycle. 
Exhaust from WHB is used to get the cooling effect from 
VARS cycle. R152a is used as ORC fluid while LiBr-H2O 
combination is used for cooling cycle. Air enters at air 
compressor at state 1 and takes heat from molten salt 
solution between state 2 and state 3 while molten salt has 
been heated through solar heliostat from state a to state b. 
Then, air is expended in turbine from state 3 to state 4 and 
rejected to waste heat boiler from state 4 to 5. In waste 
heat boiler, the heat is grabbed by sCO2 fluid between 
state 8 to state 9 coming from sCO2 compressor at state 8. 
Then, sco2 fluid enters the sCO2 -turbine. Then, reject 
heat in heat exchanger of sCO2 from state 9 to state 10. 
The heat rejected from sCO2 fluid between state 10 and 
state 7 is consumed by ORC fluid between state 12 and 
state 13coming from ORC-pump at state 11. Then, ORC 
fluid is used at the turbine between states 13 and 14 and 
condensed from water between states 14 and 11 between 
states 16 and 17. The exhaust air coming from state 5 is 
used to heat generator temperature of LiBr-H2O solution 
at state 17 and state 24 in VARS cycle. The steam only 
passes through condenser at state 17 and rest LiBr-H2O 
solution returned to heat exchanger at state 24 and 
absorber at state 25 and state 26. The H2O refrigerant is 
condensed in condenser from state 17 and state 18 and 
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then expansion takes place through throttling valve 
between state 18 and state 19. Then, at state 19, the 
refrigerant enters the absorber, where it absorbs heat 
before returning to condition 19. The absorber uses heat 
to bring about the desired concentration ratio in the LiBr-
H2O combination. The LiBr-H2O combination is moved 
from state 21 to 22, where it is heated by a heat exchanger 
before entering state 23 and finally powering a generator. 
The exhaust air finally is relieved into atmosphere at state 
6. In the current analysis, a mixture of LiCl (59.5%) and 
KCl (49.5%) is used as molten salt.The thermophysical 
properties along with input parameters are mentioned in  in 
Table 1. 

 

 
Fig. 1. Schematic diagram of the GT-sCO2-ORC-VARS 

Integrated System 
 

Table 1: Input Parameters 
Parameters Value  Ref. 

Total Heliostat aperture 
area 

    10,000 m2 56 

Heliostat efficiency     75 % 56 
Solar Irradiation     1000 W/m2 56 
Receiver efficiency     80 % 56 
Molten Salt heat 
exchanger effectiveness 

     95 % 
56 

Boiling temperature of 
Molten salt 

1400℃ 
56 

Melting temperature of 
Molten salt 

354℃ 
56 

heliostat field 
temperature 

1500℃ 
56 

Polytropic efficiency of 
compressor 

90% 
57 

Inlet temperature 298 K 58 
Polytropic efficiency of 
turbine 

92% 57 

Effectiveness of waste 
heat recovery boiler  

0.85 57 

Temperature at inlet of 
sCO2 compressor  

304 K 
62 

sCO2 compressor inlet 
pressure 

7.2 MPa 62 

CPR of sCO2 cycle 2.8 62 
sCO2 turbine’s 
isentropic efficiency  

90% 62 

sCO2compressor’s 
isentropic efficiency  

89% 62 

Critical temperature for 
sCO2 

30.97℃  59 

Critical pressure for 
sCO2 

7.3773 MPa 59 

R152a turbine inlet 
temperature 

373  K 63 

R152a turbine inlet 
pressure 

20.429 bar 63 

R152a turbine outlet 
pressure 

3.7 bar 63 

R152a condenser outlet 
temperature 

283 K 63 

Critical temperature for 
R152a 

113.5℃ 59 

Critical pressure for 
R152a 

4.58 MPa 59 

ORC turbine isentropic 
Efficiency 

90% 
63 

Initial percentage of 
LiBr in solution  

55 % 
60 

Final percentage of LiBr 
in solution  

60 % 
60 

Generator Temperature  363 K 60 
Condenser Temperature  323 K 60 
Evaporator 
Temperature  

288 k 
60 

Absorber Temperature  313 K 60 
Dead state Temperature  298 K 60 

 

4. Assumptions  

The thermodynamic modelling of the under-
consideration cycle configuration takes the following 
presumptions into account: 
• The heat exchanger, pump, compressor, and 

turbines are all operating in line with the necessary 
thermodynamic processes, and varied efficiencies 
as indicated in the input parameters are used to 
make up for non-ideal operation. 

• Each part of the system experiences insignificant 
shifts in the kinetic and potential exergy terms. 

• There is no change in either the temperature or 
pressure of the surrounding environment (To = 298 
K, Po = 100 kPa).  

• If air were a perfect atmosphere, its 21% oxygen 
and 79% nitrogen molar makeup would be 
calculated. 

• The solution is at saturated state when coming out 
of the absorber and generator, and the refrigerant is 
at saturated state when leaving the condenser and 
evaporator.  

• The generator and condenser pressure are 
equivalent, whereas  the absorption and evaporator 
pressure are equivalent. 

• No pressure drops due to friction in the pipe. 
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5. Mathematical Modelling 

The following statements from the first and second 
laws of thermodynamics form the basis for the analysis 
presented here: 

 

Ex= (h-h0) – T(S-S0)        (1) 
Following equations are shown for the different cycles 

and their components: 
 
5.1 Gas turbine cycle 

a. Compressor 

𝑇𝑇2
𝑇𝑇1

= �𝑃𝑃2
𝑃𝑃1
�
� 𝛾𝛾−1
𝛾𝛾×Ƞ𝑃𝑃,𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐

�
       (2)   

 
Power requirement in compressor is,  
Wcomp = m1 (h2-h1)       (3) 
 
Exergy destruction in compressor is,  
Excomp =m1(Ex1-Ex2)       (4) 
 
Heat gained by air in a molten salt heat  
exchanger in kW is given as ,       
Qair =∫ ma ∙  cp(T)dT𝑇𝑇3

𝑇𝑇2      (4.1) 
 

b. Turbine 
Expansion pressure and temperature are linked by, 
T3
T4

= �P3
P4
�
�𝛾𝛾−1𝛾𝛾 �∗Ƞ P,tur

      (5) 
 
Humid air turbine’s power output is:  
Wtur= m1 (h3-h4)      (6) 
 
Exergy destruction in turbine is,  
Extur =m1(Ex3-Ex4)     (7) 
 
c. Waste heat boiler 
Qwhb = m1(h4 -h5) = m8(h9 -h8)      (8) 
 
Exergy destruction in waste heat boiler is,  
Exwhb =m1(Ex4-Ex5)-msco2(Ex9-Ex8)      (9) 
 
Power output of the GT cycle is,  
WGT,net= WGT,tur – WGT,comp      (10) 
 
Total exergetic destruction of GT system  is,  
Exdtotal,GT = Exdtur + Exdcomp +  
ExdHX + Exdwhb      (11) 
 
Efficiency of GT cycle,  
ηGT = WGT,net

QHX
      (12) 

 
The exergetic efficiency of the GT system is,  
ηexergetic,GT = 1 −  Exdtotal,GT

WGT,net
       (13) 

 
 

5.2 Supercritical Carbon Dioxide Cycle 
Output from sCO2 turbine:  
WSCO2,tur= mSCO2(h9- h10)               (14) 
Exergy destruction in sCO2 turbine is,  
 
Ex SCO2,tur =msco2(Ex9-Ex10)              (15) 
 
Heat exchanger:  
Q SCO2,heat exchanger= mSCO2(h10-h7)              (16)
  
Exergy destruction in heat exchanger is,  
Ex SCO2,heat exchanger = msco2(Ex10-Ex7)- 
mORC(Ex13-Ex12)               (17) 
 
Power requirement in sCO2 compressor:  
 
WSCO2,comp= mSCO2(h8-h7)              (18) 
Exergy destruction in sCO2 compressor is,  
 
Ex SCO2,comp = msco2(Ex8-Ex7)             (19) 
 
Power output of the sCO2cycle is,  
WSCO2,net= WSCO2,tur – WSCO2,comp              (20) 
 
 Efficiency of sCO2cycle,  
ηSCO2 = WSCO2,net

Qwhb
             (21) 

 
Total exergetic destruction of sCO2 system is, 
Exdtotal,sCO2= Exd SCO2,tur + Exd SCO2,whb + Exd SCO2,heat 

exchanger + ExdSCO2,comp    (22) 
 
The exergetic efficiency of the sCO2 system is,  

   ηexergetic,GT = 1 −  Exdtotal,sco2
Wsco2,net

  (23) 

 
5.3 Organic Rankine Cycle 

The following is the heat balance calculation for ORC 
heat exchanger: 

 
Qsco2,HE = mSCO2(h10-h7) = mORC(h13-h12)      (24) 
    
Power produced in the ORC turbine:  
WORC,tur= mORC(h14- h11)   (25) 
Exergy destruction in ORC turbine is,  
ExORC,tur =mORC(Ex14-Ex11)  (26) 
Heat rejection in the condenser:  
QORC,cond= mORC(h37-h38)   (27) 
Exergy destruction in heat exchanger is,  
 
ExORC,heat exchanger = mORC(Ex14-Ex11)- 
 
mwater(Ex17-Ex16)    (28) 
Power requirement in the ORC pump:  
WORC,pump= mORC(h12-h11)  (29) 
Exergy destruction in ORC pump is,  
 
ExORC,pump = mORC(Ex12-Ex11)  (30) 
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The power output of the ORC system is,  
WORC,net= WORC,tur– WORC,pump  (31)  
The efficiency of the ORC system is,  
ηORC = WORC,net

Qsco2.heat exxhanger
   (32) 

 
Total exergetic destruction of ORC system  is,  
Exdtotal,ORC= Exdtur + Exdcond + Exdheat exchanger  
+ Exdpump     (33) 
 
The exergetic efficiency of the ORC system is,  
ηexergetic,ORC  = 1 −  Exdtotal,ORC

WORC,net
  (34) 

 
5.4 Vapour Absorption Refrigeration System  

a. Generator  
The energy balance of the machine can be written as 

Qgen = m17h17+m24h24-m23h23  (35) 
Exergetic destruction is expressed as 
Exdgen = m17Ex17+m24Ex24-m23Ex23 (36) 
 
b. Condenser  

The condenser's energy balance is given by  
Qcon= m17h17-m18h18                       (37) 

Exergetic destruction is expressed as 
Exdcon= m17Ex17-m18Ex18               (38) 
 
 

c. Evaporator  
The evaporator's mass and energy balance results in 

the following. 
Refrigerant effect = Qeva = m19(h20 -h19)              (40) 
Exergetic destruction is expressed as 
Exdeva = m19(Ex20 -Ex19)                (41) 
 
d. Absorber  

When water vapour of low pressure and low 
temperature mixes with LiBr strong solution inside the 
absorber, an exothermic reaction occurs. The absorber 
energy balance equation is shown below: 
 
Qabs= m20h20 +m26h26-m21h21                    (42) 

Exergetic destruction is expressed as 
 
Exdabs= m20Ex20 +m26Ex26-m21Ex21             (43) 
The performance coefficient is abbreviated  
 
COP.= 𝑅𝑅.𝐸𝐸.

𝑄𝑄𝑔𝑔𝑔𝑔𝑔𝑔
                (44) 

 
The exergetic efficiency is,  
 

ηexergetic,VARS =  
𝑄𝑄𝑔𝑔𝑒𝑒𝑒𝑒(1− 𝑇𝑇𝑐𝑐

𝑇𝑇𝑔𝑔𝑒𝑒𝑒𝑒
)

𝑄𝑄𝑔𝑔𝑔𝑔𝑔𝑔�1−
𝑇𝑇𝑐𝑐

𝑇𝑇𝑔𝑔𝑔𝑔𝑔𝑔
�+𝑊𝑊𝑐𝑐𝑝𝑝𝑐𝑐𝑐𝑐

             (45) 

 
Total exergetic destruction is,  
Exdtotal,VARS= Exdeva + Exdcon  

+ Exdgen + Exdabs                 (46) 
 

Following performance evaluation factors are also 
evaluated in the present study: 
 
Total Power=W_net= WGT,net + WSCO2,net + WORC,net  (47) 
 
Heating=heating across ORC condenser  (48) 
 
Cooling effect=Refrigerant effect (49) 

 
Flow chart has been included regarding 

calculation/simulation techniques. Same is shown in Fig.2, 
below: 

 

 
Fig.2. Flow chart showing mathematical model of the 

research undertaken 
 

6. Results & Discussions 
In this part, thermodynamic modelling and exergy 

analysis of integrated systems with varying input 
parameters have been presented. Thermodynamic 
properties i.e. enthalpy, pressure, temperature, entropy, 
mass flow rates etc. are tabulated in Table 2. Refprop765) 

and EES-software66) are used for the enthalpy calculation 
and mathematical modeling of the combined system 
respectively. Results obtained for different parametric 
variations have been plotted graphically and analyzed 
suitably.  
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6.1 Impact of Cycle Pressure Ratio (CPR) on Power 

output & Energy Efficiency of GT Cycle  
Figure 3 depicts the impact of CPR on the power output 

and efficiency of the GT cycle as it changes from 6 to 14. 
Graph shows that the power output increases  as the CPR 
increases. The air temperature rises at the end of the 
compression process as the cycle pressure ratio increases, 
which raises the turbine inlet temperature for the available 
heat from solar radiation. Reduced gas turbine exit 
temperature and increased gas turbine work production 
are caused by an increase in cycle pressure ratio.  

 

 
Fig. 3. Impact of Cycle Pressure Ratio (CPR) on Power 

output & Energy Efficiency of GT Cycle 
 

6.2 Impact of Cycle Pressure Ratio (CPR) on Power 
output & Efficiency of GT- sCO2 Cycle 

The increase in efficiency and the decrease in power 
output of the GT-sCO2 cycle from a pressure ratio of 6 to 
14 are shown in Fig. 4. Graph is plotted at TIT= 1400 K, 
CPRsco2 = 2.83, Tcond,sco2 = 304 K, Ttur,sco2 =542 K. 
According to the graph, the power output of the GT-sCO2 
cycle increases from 213.61 kW to 428.16 kW as the CPR 
of GT increases from 6 to 14. The efficiency & power 
output of the cycle increases as cycle pressure ratio is 
increased. In order to get a higher turbine intake 
temperature for the available solar radiation heat, the 
cycle pressure ratio must be increased since doing so 
raises the temperature of the air at the conclusion of the 
compression phase. By raising the cycle pressure ratio, the 
temperature of the air at the conclusion of the compression 
process rises, resulting in a greater turbine inlet 
temperature for the solar radiation heat that is available 
and rise in the pressure ratio of the cycle, coupled with the 
constant availability of solar radiation heat, results in a 
decrease in the temperature at which the gas turbine 
exhausts, thus leading to an increase in the power output 
of the gas turbine. However, the power output of the sCO2 
turbine will be impacted because of the decrease in energy 
available in the waste heat boiler (WHB) as a result of the 
lower gas turbine exit temperature. But overall power 
output increases for combined GT- sCO2  cycle with 
increase of CPR. Increasing the CPR of the GT from 6 to 
14 increases the efficiency of the combined GT- sCO2 

cycle from 38.95% to 48.25%, but beyond a certain point, 
the efficiency decreases because increasing the CPR 
lowers the gas turbine exit temperature, which in turn 
increases the gas turbine power output. However, the 
efficiency of the sCO2 turbine will suffer as a result of the 
decrease in energy available in the waste heat boiler 
(WHB) due to the lower gas turbine exit temperature. But 
overall efficiency increases for combined GT- sCO2 cycle 
with increase of CPR. 

 
Fig. 4. Impact of Cycle Pressure Ratio (CPR) on Power 

output & Efficiency of GT- sCO2 Cycle 
 

6.3 Impact of Cycle Pressure Ratio (CPR) on Power 
output & Efficiency of GT-SCO2-ORC system 

Figure 5 indicates power output and efficiency of the 
GT-sCO2-ORC cycle at TIT= 1400 K, CPR,sco2 = 2.83, 
CPR,ORC = 5.52. Tcond,sCO2 = 304 K, Ttur,sco2 =542 K, 
Ttur,ORC=373.  Graph shows that as CPR of GT goes from 
6 to 14, the  output of GT cycle goes up from 250.53 kW 
to 484.38 kW. The increase in GT-SCO2-ORC power 
output & energy efficiency with cycle pressure ratio is 
responsible for the cycle's overall increase in power 
output. The air temperature rises at the end of the 
compression process as the cycle pressure ratio increases, 
which raises the turbine inlet temperature for the heat 
from available solar radiation. Reduced gas turbine exit 
temperature and increased gas turbine work production 
are caused by an increase in cycle pressure ratio and the 
availability of the same quantity of solar radiation heat. 
However, because the sCO2 and ORC turbines rely on the 
energy available in the WHB, the fall in gas turbine exit 
temperature will have a negative impact on their 
productivity. However, for the combined GT- sCO2-ORC 
cycle, the total amount of effort increases as CPR rises. 
Further, efficiency graph shows that as CPR of GT 
increases from 6 to 14, efficiency of combined GT- sCO2-
ORC cycle rises from 45.68 % to 54.59 %. However, 
efficiency decreases after a certain point because 
increasing CPR decreases gas turbine exit temperature 
and, in turn, increases gas turbine power output. However, 
the efficiency of the sCO2 turbine will suffer as a result of 
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the decrease in energy available in theWHB due to the 
lower gas turbine exit temperature. But overall efficiency 
increases for combined GT- sCO2  cycle with increase of 
CPR. 

 
Fig. 5. Impact of Cycle Pressure Ratio (CPR) on Power 

output & Efficiency of GT-SCO2-ORC System 
 

6.4 Impact of TIT  on Power output of GT, GT-sCO2 

& GT-SCO2-ORC  
In the system under investigation, the TIT is also an 

important control parameter. Figure 6 depicts the effect of 
changing the TIT of the gas turbine from 1000 K to 1400 
K at CPR,GT = 14, CPR,sco2 = 2.83, CPR,ORC = 5.52. 
Tcond,sco2 = 304 K, Ttur,sco2 =542 K, Ttur,ORC=373  on the 
work production of the GT, GT-sCO2, and GT-SCO2-ORC 
cycles. Work production rises for GT cycle varies from 
152.53 kW to 335.19 kW, for GT-sCO2 varies from 
213.61 kW to 428.17 kW and for GT-SCO2-ORC varies 
from 250.54 kW to 484.38 kW as TIT increases from 1000 
K to 1400 K. By raising the temperature at which the 
turbine receives the incoming air, we can improve the 
efficiency of converting energy. Increased temperature 
facilitates enhanced heat transfer, leading to a higher 
magnitude of heat energy being conveyed to the turbine 
blades. Consequently, this results in heightened power 
generation and enhanced overall efficiency of the gas 
turbine. As the TIT was raised, the net work production of 
the GT-based combined system rose. The enthalpy of the 
gases increases as the TIT rises. The specific heat of gases 
increases with temperature. As a consequence, the amount 
of work produced by the gas turbine increases at the same 
mass flow rate. The efficiency and sustained net power 
output of a gas turbine combined system operating at a 
high pressure ratio are both enhanced by a high TIT. High 
TIT might be difficult to generate due to metallurgical 

limitations. The turbine's blades begin to break at high 
temperatures, reducing its durability and life span.  
 

 
Fig. 6. Impact of TIT on Power output of GT, GT-sCO2 & 

GT-SCO2-ORC 
7.  

6.5 Impact of TIT on Efficiency of GT, GT-sCO2  & 
GT-SCO2-ORC systems 

Figure 7 demonstrates how the efficiency of the GT, 
GT-sCO2, and GT-SCO2-ORC cycles changes when the 
temperature in the cycle is adjusted. Graph depicts the 
effect of changing the TIT of the gas turbine from 1000 K 
to 1400 K at CPR,GT = 14, CPR,sco2 = 2.83, CPR,ORC = 5.52. 
Tcond,sco2 = 304 K, Ttur,sco2 =542 K, Ttur,ORC=373  on the 
work production of the GT, GT-sCO2, and GT-SCO2-ORC 
cycles. Efficiency rises for GT cycle varies from 27.81% 
to 37.78%, for GT-sCO2 varies from 38.95 % to 48.25 % 
and for GT-SCO2-ORC varies from 45.69 % to 54.59 % as 
TIT increases from 1000 K to 1400 K. Altering the TIT 
from 1000 K to 1400 K results in commensurate 
performance adjustments. From TIT 1000 K to TIT 1400 
K, there is a 10.48%-11.14% effectiveness difference due 
to the incorporation of the sCO2 cycle into the GT cycle. 
When the ORC cycle is included in the GT-sCO2 cycle, 
the efficiency shifts from 6.33 percent to 6.73 percent 
between TIT 1000 K and TIT 1400 K. By raising the 
temperature at which the turbine receives the incoming air, 
we can improve the efficiency of converting energy. 
Increased temperature facilitates enhanced heat transfer, 
leading to a higher magnitude of heat energy being 
conveyed to the turbine blades. Consequently, this results 
in heightened power generation and enhanced overall 
efficiency of the gas turbine. 
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Table 2: Fluid states in combined GT-sCO2-ORC-VARS system for typical CPR of 8 and TIT of 1100 K 

As the TIT was raised, the net work production of the 
GT-based combined system rose. The efficiency and 
sustained net power output of a gas turbine combined 
system operating at a high pressure ratio are both 
enhanced by a high TIT. High TIT might be difficult to 
generate due to metallurgical limitations.  
 

 
Fig. 7. Impact of TIT on Efficiency of GT, GT-sCO2 & GT- 

SCO2-ORC Systems 
 

The enthalpy of gases increases as the TIT rises. The 
specific heat of gases increases with temperature. As a 

consequence, the amount of work produced by the gas 
turbine increases at the same mass flow rate. 
 

6.6 Impact of Evaporative Temperature on 
Refrigeration Effect & COP of VARS  

Figure 8 displays the impacts of changing the 
evaporative temperature on the system's COP and RE for 
evaporative temperatures between 5°C and 15°C for T5= 
373 K, T6= 343 K, Tgen = 363 K, Tabs= 313 K, and 
Tcond = 323 K. With 55%-60% LiBr concentration, it is 
shown that the system's COP and RE become better as the 
evaporator temperature rises. Graphical depiction in 
Figure 8 shows variation in COP values and RE values at 
different evaporative temperatures. Raghuvanshi et al. 
analyzed the LiBr based cooling cycle at 5°C67). The 
increase in evaporator temperature leads to a reduction in 
the required amount of refrigerant, resulting in higher 
COP. For the purpose of this study, the pressure in the 
evaporator and the absorber are being considered as 
equivalent. A greater evaporator pressure corresponds to 
a higher absorber pressure, given the same absorber 
temperature. This enhances the mass output from the 

State Point P (bar) T (K) m (kg/s) h (kj/kg) S (kj/kgK) Ex (kj) 

1 1 300 1 426.04 3.8881 0.22 

2 8 580.91 1 713.08 3.9642 263.99 

3 8 1100 1 1287.9 4.6674 627.85 

4 1 696 1 835.27 4.7538 149.3 

5 1 373 1 499.67 4.1078 7.5 

6 1 343 1 469.37 4.0231 2.61 

7 72 304 1.22 384.56 1.6075 642.48 

8 204 373 1.22 423.62 1.6257 676.08 

9 204 542 1.22 687.46 2.2202 761.57 

10 72 434 1.22 598.35 2.2176 673.24 

11 3.7 282 0.8585 216.8 1.06 638.97 

12 20.42 283 0.8585 217.45 1.056 640.82 

13 20.42 373 0.8585 587.33 2.1534 681.48 

14 3.7 301 0.8585 534.35 2.1802 620.46 

17 0.12 363 0.0123 2668.1 8.3008 918.03 

18 0.12 323 0.0123 209.34 0.7038 738.36 

19 0.017 288 0.0123 209.34 0.7324 729.76 

20 0.017 288 0.0123 2528.2 8.7815 633.92 

21 0.017 313 0.1481 94.39 0.2456 760.88 

22 0.123 313 0.14811 98.45 0.2585 761.07 

23 0.123 338 0.14811 145.7 0.4034 764.85 

24 0.123 363 0.13577 214.1 0.5073 802.08 

25 0.123 338 0.13577 165.5 0.3688 795.03 

26 0.017 313 0.13577 117.9 0.2225 791.32 
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Absorber, thereby reducing the heat load on the Generator 
and increasing the COP. 

 

 
Fig. 8. Impact of Evaporative Temperature on Refrigeration 

Effect & COP of VARS 
 

6.7 Exergy Destruction in Components of Combined 
System 

Exergy destruction in different components are plotted 
in pie chart in Fig.9 at TIT= 1400 K, CPR,GT=14, 
CPR,sCO2 = 2.83, CPR,ORC = 5.52. Tcond, sCO2 = 304 K, 
Ttur,sCO2 =542 K, Ttur,ORC=373 K, Tgen =363 K, Tabs= 313 
K, Tcond = 323 K. Compressor work, and hence exergy 
destruction, is observed to rise with increasing cycle 
pressure ratio.  
 

 

Fig. 9. Exergy destruction in Components of Combined 
System 

 
The ORC condenser is responsible for the greatest 

amount of exergy destruction and loss in the cycle at 26%, 
followed by the GT compressor at 20% and the solar heat 
exchanger at 19%. That's why it's so important for these 
parts to function efficiently inside the cycle. If these parts 
are better designed and made to function together, the 
cycle's productivity and efficiency will increase. It also 
means that the effectiveness of these three parts is 
essential to the cycle's functioning. Heat exchangers, 
pumps, and expansion valves all have minimal amounts 
of irreversibility. 
 

6.8 Exergy Destruction in Combined Cycles 
Exergy destruction has been shown for the different 

combination of cycles at TIT= 1400 K, CPR,GT=14, 
CPR,sco2 = 2.83, CPR,ORC = 5.52. Tcond,sco2 = 304 K, Ttur,sco2 
=542 K, Ttur,ORC=373, Tgen =363 K, Tabs= 313 K, Tcond 
= 323 K in the Fig. 10. It reveals that the exergy 
destruction in the VARS system is maximum whereas in 
the GT cycle it is minimum. As the exergy of the exhaust 
gas entering the refrigeration cycle rises as a result of an 
increase in process heat, it has been found that the exergy 
destruction in all components of the VARS cycle is 
greater". This causes further loss of refrigerant via the 
generator. This means that there is a greater exergy 
degradation in the refrigeration cycle overall. As the 
process heat rises, it is also seen that the exergy 
destruction in each part of the vapour absorption 
refrigeration system rises. There would be a rise in exergy 
destruction across the board in the vapour absorption 
system as the mass flow rate of the refrigerant in the 
generator increased.  
 

 
Fig. 10. Exergy Destruction in Combined Cycles 

 

6.9 Exergetic Efficiency in Different Cycle 
Combination 

Exergetic efficiency of the entire combined 
cycles/CCHP are depicted in Fig.11 at TIT= 1400 
K,CPR,GT =14,CPR,sco2 = 2.83,CPR,ORC = 5.52,  Tcond,sco2 = 
304 K,  Ttur,sco2 =542 K, Ttur,ORC=373, Tgen =363 K, Tabs= 
313 K,  Tcond = 323 K . Compared to other parts, the 
VARS has the greatest exergy efficiency.  

 

 
Fig. 11. Exergetic Efficiency in Different Cycle 

Combination 
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7. Model Validation 

This study is novel, no such work has been done so far 
as of the best of authors knowledge. Accordingly, 
validation has been done for different cycles and 
compared with concerned literature work as as per the best 
available data and found within permissible limit. "Table 3 
displays the validation outcomes. 

 

Table 3: Validation 
GT Validation 

CPR 
Efficiency of 
Khalique et 
al.[61] (%) 

Efficiency 
obtained 
in present 
work (%) 

Error 
diff. 

8 34 30.95 3.05 
12 37 35.73 1.27 
16 39 38.78 0.22 
20 40 39.86 0.14 

sCO2 Validation 

CPR 
Efficiency of 
Dostal et al.   
[62] (%) 

Efficiency 
obtained 
in present 
work (%) 

Error 
diff. 

3 39 39.56 0.56 
3.5 38.2 38.96 0.76 
4 37.4 38.18 0.78 

ORC Validation 

Evaporativ
e Temp. 

(℃) 

Efficiency of 
Wei et al.[63] 

(%) 

Efficiency 
obtained 

in present 
work (%) 

Error 
diff. 

55 5.4 6.33 0.93 
60 6 7.78 1.78 
65 7.3 8.126 0.826 
70 8.2 8.339 0.139 

VARS Validation 

Generator 
temp. (℃) 

COP of Kilic et 
al. [64] 

COP 
obtained in 
Present 
work 

% diff. 

80 0.68 0.615 9.56 
85 0.72 0.664 7.778 
90 0.75 0.708 5.60 
95 0.77 0.724 5.97 

 
Validation graphs are given below: 

 
Fig. 12. Validation graph for GT system 

 
Fig. 13. Validation graph for sCO2 system 

 

 
Fig. 14. Validation graph for ORC system 

 

 
Fig. 15. Validation graph for VARS system 

 
8. Conclusions  

The conclusions obtained from a computer-assisted 
thermodynamic model and investigation of a solar-
powered GT-sCO2-ORC, along with a VARS system, are 
outlined below:  

• The present research demonstrated that the TIT & 
CPR had a significant impact on power output and 
efficiency.   

• Maximum power output for GT system is 335.18 
kW, GT-sCO2 cycle is 428.16 kW & GT- sCO2-
ORC cycle is 484.38 kW.  

• Maximum efficiency for GT- sCO2-ORC cycle is 
54.59% at TIT is 1400 K & CPR is 14.Maximum 
COP value as 0.707935 and RE as 286.15 kW at 
evaporative temperature at 15°C . 
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• Maximum Exergy Destruction (MED) is displayed 

in the condenser of the ORC cycle and minimal 
MED is displayed in the pump across a variety of 
systems, while MED is displayed in the condenser 
of the VARS cycle and MED is displayed in the 
condenser of the GT cycle. 

• The Maximum Exergetic Efficiency is shown in 
VARS cycle and minimum is in ORC cycle. 

• The total power of the combined system is 272.13 
kW, heating across ORC condenser utilized for 
water heating is 65.22 kW and refrigeration effect 
is 28.52 kW at CPR of 8 and TIT of 1100 K. 

 
Nomenclature 

Symbols 
m Mass flow rate in kg/s 
h Enthalpy in kJ/kg 
S Entropy in kJ/kg K 
P Pressure in bar 
𝜀𝜀 Heat exchanger effectiveness 
T Temperature in K 
Q Heat, kW 
W Power, kW 
Ƞ Efficiency 
Ex Exergy 
I Solar Irradiation (W/m2) 
A Area of Heliostat (m2) 
Abbreviations 
GT Gas turbine 
CCHP Combined Cooling, Heating and 

Power 
sCO2 Supercritical carbon dioxide  
ORC Organic Rankine Cycle 
VARS Vapour Absorption Refrigeration 

System 
R152a 1,1-Difluroethane 
LiBr Lithium bromide 
CPR  cycle pressure ratio 
TIT Turbine inlet temperature in K 
RE Refrigerant Effect 
COP Coefficient of performance 
MED Maximum Exergy Destruction 

 
Subscripts  
Ƞp Polytopic Efficiency 
ηH heliostat efficiency 
ηR receiver efficiency 
 εHX heat exchanger effectiveness  
comp Compressor 
tur Turbine  
cond Condenser  

net Net 
tot Total 
whb Waste heat boiler 
gen Generator 
eva Evaporator 
abs Absorber  
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