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ABSTRACT 

A supercritical carbon dioxide (S-CO2) and Organic 

Rankine Cycle (ORC) combined cycle has been considered 

to fully use the residual heat of a high temperature heat 

source in this paper. The topping cycle is a S-CO2 

recompression cycle, and the bottoming cycle is an ORC 

with R245fa as the working fluid. Compared with previous 

studies, the influence of several additional parameters, 

including the S-CO2 recompression cycle main compressor 

inlet temperature and pressure and the S-CO2 recompression 

cycle split ratio, has been conducted. It indicates that the split 

ratio plays an important role on the S-CO2 recompression 

cycle, even on the combined cycle. A thermodynamic 

optimization method which considers the split ratio is 

proposed to maximum the combined cycle thermal 

efficiency. By this method, more than 4.1% increment on the 

thermal efficiency can be attained. 

INTRODUCTION 

The supercritical carbon dioxide (S-CO2) is a special 

kind of CO2 fluid whose temperature and pressure are higher 

than its critical values (304.13K, 7.38 MPa). The S-CO2 

cycle, which uses S-CO2 as the working fluid, is considered 

to be one of the most promising power generation 

technologies for the future (Feher, 1968). The S-CO2 cycle 

has higher efficiency and more compact system and 

components than conventional power cycles, especially in 

the high temperature range. Besides, CO2 is easy to obtain 

and the S-CO2 cycle system has high safety level. It is 

widely acknowledged that the S-CO2 cycle is applicable for 

various heat sources, such as the nuclear energy 

(Moisseytsev and Sienicki, 2009), concentrated solar power 

(Turchi and Ma, 2012), fuel cell (Xia et al., 2019) and waste 

heat recovery (Song et al., 2018a).  

One of the S-CO2 cycle characteristics is that the 

specific heat capacity of the cold side flow is much higher 

than that of the hot side in recuperators. For the S-CO2 

recompression cycle, the CO2 flow is split to compensate for 

the specific heat difference in the low temperature 

recuperator and to further enhance the heat recuperation in 

the high temperature recuperator. Therefore, the residual heat 

is decreased and the S-CO2 recompression cycle has higher 

efficiency than simple recuperated cycle. The S-CO2 

recompression cycle has been adopted by National Energy 

Technology Laboratory (NETL) of U.S. DOE for 

Supercritical Transformational Electric Power (STEP) 

program (Lambruschini et al., 2016). 
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The pressure ratio of the S-CO2 cycle is usually small, 

because the compressor inlet pressure should be higher than 

the critical pressure 7.38 MPa while the compressor outlet 

pressure is limited by the turbine material. The turbine outlet 

temperature is rather high, thus the recuperator is essential 

for the turbine outlet heat recovery. Besides, a pre-cooler is 

needed to further cool down the S-CO2 out from the 

recuperator, since the recuperator effectiveness is limited. To 

make full use of the turbine outlet residual heat, a bottoming 

cycle can be added and the Organic Rankine Cycle (ORC) is 

one of the suitable choices. 

The S-CO2-ORC combined cycle has been proposed and 

investigated by some researchers. Chacartegui et al. 

(Chacartegui et al., 2011) proposed a combined cycle that 

comprises a topping S-CO2 simple recuperated cycle and a 

bottoming ORC for concentrating solar thermal power plants. 

The influence of ORC evaporation temperature was 

discussed. The results showed that there existed the optimum 

ORC evaporation temperature to reach the maximum 

combined cycle efficiency with the other parameters fixed. 

They also found the combined cycle has higher thermal 

efficiency than stand-alone S-CO2 cycle. Pérez-Pichel et al. 

(Pérez-Pichel et al., 2012) investigated the potential use of S-

CO2 cycle in Sodium Fast Reactors (SFRs), and compared 

the S-CO2-ORC combined cycle with the stand-alone S-CO2 

cycle. The results revealed that introducing a bottoming ORC 

would add little gain to the cycle efficiency, and the 

parameters influence on the combined cycle was not 

considered. Sánchez et al. (Sánchez et al., 2013) researched 

the influence of the topping cycle turbine inlet temperature 

and ORC evaporation temperature on the combined cycle 

thermal efficiency, respectively. The results revealed that the 

combined cycle thermal efficiency increased with the 

increment of the topping cycle turbine inlet temperature. And 

they assessed the performance of the combined cycle 

working with mixtures of hydrocarbons. Zhang et al. (Zhang 

et al., 2014) investigated an S-CO2-ORC combined cycle 

using the liquefied natural gas (LNG) as heat sink, and 

studied the effects of the S-CO2 turbine expansion ratio, S-

CO2 compressor efficiency, recuperator effectiveness and 

pressure losses, respectively. Akbari et al. (Akbari and 

Mahmoudi, 2014) researched the exergy efficiency and 

capital cost of the combined S-CO2-ORC cycle under 

different pinch point temperature differences of heat 

recovery unit, S-CO2 compressor pressure ratios and ORC 

evaporation temperatures. The results showed that there 

existed the optimum S-CO2 compressor pressure ratio to 

reach the maximum combined cycle efficiency with the other 

parameters fixed. Wang et al. (Wang and Dai, 2016) 

compared the bottoming cycles including ORC and 

transcritical CO2 (T-CO2) cycle based on the Akbari’s 

research. Song et al. (Song et al., 2018b) studied two 

configurations of the S-CO2-ORC combined cycle system, 

one without a pre-cooler and the other still with a pre-cooler. 

The influence of ORC evaporation temperature and 

recuperator effectiveness was researched. 

Based on our survey, some important parameters 

influence on the S-CO2-ORC combined cycle has not been 

considered in the previous study, including the S-CO2 cycle 

main compressor inlet temperature and pressure, and the S-

CO2 cycle split ratio. Actually, they have remarkable 

impacts on the combined cycle performance. This paper 

analyzes the influence of these three parameters, and based 

on the thermodynamic analysis, a systematic parametric 

optimization method is proposed. The thermal efficiency of 

the combined cycle is set as the optimization target. And the 

optimization of the combined cycle is conducted by the 

adjustment of the topping S-CO2 cycle and the bottoming 

ORC parameters simultaneously. 

CYCLE CONFIGURATION 

Stand-alone S-CO2 recompression cycle 

The schematic diagram of a stand-alone S-CO2 

recompression cycle is shown Fig. 1. It contains two 

compressors (a main compressor and a recompressor), a 

turbine, two recuperators (a high temperature recuperator and 

a low temperature recuperator), a heat source exchanger and 

a pre-cooler. A part of the working fluid is compressed in the 

main compressor. After recovering heat through the low 

temperature recuperator, this part of the S-CO2 joins the 

remaining part which is compressed in the recompressor. 

After recovering residual heat through the high temperature 

recuperator and absorbing heat from the heat source, the S-

CO2 expands in the turbine and then transfers residual heat 

to the cold side through high temperature recuperator and 

low temperature recuperator. The S-CO2 separates after the 

low temperature recuperator. A part of the S-CO2 releases 

heat in the pre-cooler and the other part goes into the 

recompressor without being cooled directly. 

 

Figure 1 Schematic diagrams of a regenerative S-
CO2 cycle 

S-CO2-ORC combined cycle 

The S-CO2-ORC combined cycle consists of a topping 

S-CO2 recompression cycle and a bottoming ORC. The 

schematic diagram of the combined cycle is shown in Fig. 2. 

The two cycles are coupled through a heat recovery unit. The 

heat recovery unit is installed between the low temperature 

recuperator and the pre-cooler of the S-CO2 cycle. The heat 

recovery unit acts as a cooler for the topping cycle while it is 

also the heat source of the bottoming ORC. In the bottoming 

cycle, the organic fluid is first compressed by the pump. 

After absorbing heat through the heat recovery unit, it 

becomes saturated or superheated vapor. The vapor then 
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expands in the turbine and is condensed to liquid through the 

condenser. 

 

Figure 2 Schematic diagrams of the S-CO2-ORC 
combined cycle 

MODELING APPROACH 

Thermodynamic model 

The T-s diagram of the S-CO2-ORC combined cycle is 

presented in Fig. 3.  

 

Figure 3 T-s diagram of the S-CO2-ORC combined 
cycle 

Net power of the topping S-CO2 cycle is given by: 
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Net power of the bottoming ORC is given by: 
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Conditions and assumptions 

In this paper, the original basic parameters of the 

topping S-CO2 cycle are set with reference to the 10 MWe 

S-CO2 pilot plant test facility of U.S. DOE’s Supercritical 

Transformational Electric Power (STEP) Program. The 

program aims to demonstrate S-CO2 Brayton power cycle 

technologies at commercial scale and it broke ground on Oct. 

15th, 2018 (Jiang et al., 2018)). The parameters of STEP 

Program are listed in Table 1. The thermal efficiency of the 

S-CO2 cycle is 46.1%. 

Table 1 Basic parameters of the S-CO2 cycle for 
U.S. DOE’s STEP Program 

Parameter Value 

Main compressor inlet temperature 306.6 K 

Turbine inlet temperature 973.2 K 

Main compressor inlet pressure 8.4 MPa 

Turbine inlet pressure 23.9 MPa 

Main compressor efficiency 0.82 

Recompressor efficiency 0.78 

Turbine efficiency 0.85 

Mass flow rate 99.5 kg/s 

Recuperative ratio of high temperature 

recuperator 
0.95 

Recuperative ratio of low temperature 

recuperator 
0.89 

Split ratio 0.652 

Cycle thermal efficiency 46.1% 

Table 2 Basic parameters of the bottoming ORC 

Parameter Value 

Pinch point temperature difference in the heat 

recovery unit 
6 K 

Heat recovery unit efficiency 0.95 

ORC pump efficiency 0.7 

ORC turbine efficiency 0.8 

ORC condensation temperature 298.15 K 

Pinch point temperature difference in the heat 

recovery unit 
6 K 

Heat recovery unit efficiency 0.95 

Based on the previous study (Song et al. 2018b), the 

bottoming ORC parameters are presented in Table 2. R245fa 

is selected as the ORC working fluid due to its outstanding 

thermodynamic performance, environmental friendliness and 

non-flammability. 

The following conditions and assumptions are also set 

for this study: 
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(1) Pressure losses in the heat exchangers are set to be 

200 kPa (Lambruschini et al., 2016); 

(2) Heat loss to the ambient is negligible; 

(3) The organic working fluid attains saturated vapor at 

the turbine inlet; 

(4) All processes achieve steady states. 

THERMODYNAMIC ANALYSIS 

The thermodynamic analysis is conducted by an in-

house FORTRAN code which is based on the above 

thermodynamic model. The pinch point temperature 

differences in the recuperators are actually determined by the 

recuperative ratios when other cycle parameters are fixed. 

According to recuperator properties of Heatric Company, the 

minimum pinch point temperature difference in the 

recuperator can reach 1 K. In this paper, the minimum pinch 

point temperature difference in the recuperator is ensured to 

be higher than 3 K by the in-house code, thus, the pinch point 

temperature differences can locate in a reasonable range by 

the code. And the simulation results can be convincible. The 

properties of S-CO2 and R245fa is obtained through 

REFPROP 9.1, which is presented in Table 3. The validation 

of the in-house code is based on the comparison with other 

research works as shown in Table 4. The results reveal that 

the in-house code is able to be used in the following analysis. 

Table 3 Model validation 

Working 

fluid 

Reference Efficiency 

in 

Reference 

Efficiency 

predicted 

by the in-

house 

code 

Relative 

Error 

S-CO2 Sánchez et 

al. [29] 
45.5% 45.9% 0.9% 

S-CO2 Besarati et 

al. [35] 
49.7% 49.5% -0.4% 

R245fa Clementoni 

et al. [17] 
11% 11.3% 2.7% 

As mentioned in Section 1, ORC evaporation 

temperature, the S-CO2 cycle main compressor pressure ratio 

and turbine inlet temperature have studied and their influence 

has been proposed. In this section, three additional 

parameters will be studied to make the thermodynamic 

analysis of the combined cycle thoroughly. After that, an 

optimization of the combined cycle based on the 

thermodynamic analysis results could be conducted. 

Analysis of the split ratio 

The split ratio influences both the topping S-CO2 cycle 

and the bottoming ORC at the same time, which is different 

from ORC evaporation temperature. For the topping S-CO2 

cycle, the mass flow rate through main compressor and 

recompressor depends on the split ratio. For the bottoming 

ORC, as the mass flow rate through main compressor 

changes, the S-CO2 temperature at the heat recovery unit 

inlet and total amount of heat which S-CO2 can provide for 

ORC varies.  

 
(a) 

 
(b) 

 
(c) 
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(d) 

 
(e) 

Figure 4 The variations of the combined cycle 
parameters with the S-CO2 cycle split ratio 

With the other basic parameters listed as Table 1 and 

Table 2, the split ratio changes from 0.63 to 0.95. The 

minimum split ratio is limited by the pinch point temperature 

difference of recuperators. The variations of the combined 

cycle parameters with split ratio are presented in Fig. 4. Fig. 

4(a) demonstrates the optimum evaporation temperature of 

the bottoming ORC. With the increment of the split ratio, the 

optimum ORC evaporation temperature decreases from 

317.1 K to 312.5 K, because the S-CO2 temperature at the 

heat recovery unit inlet reduces at the same time. The 

thermal efficiency of the bottoming ORC also decreases from 

4.4% to 3.5% corresponding to ORC evaporation 

temperature, as shown in Fig. 4(b). The heat recovered by the 

bottoming ORC is presented in Fig. 4(c). It reduces from 

6.69 MW to 6.62 MW at first because of the decrease of the 

S-CO2 temperature difference between the heat recovery unit 

inlet and outlet. However, when split ratio is higher than 0.7, 

the increase of the mass flow rate through main compressor 

dominates and heat recovered by the bottoming ORC begins 

to rise. The net power output of the bottoming ORC reduces 

from 297 kW to 237 kW continually as shown in Fig. 4(d) 

because the decrease of ORC thermal efficiency has a more 

significant impact than the change of heat recovered. With 

the increment of split ratio, the thermal efficiency of the 

stand-alone S-CO2 recompression cycle and the combined 

cycle keeps decreasing as presented in Fig. 4(e). The highest 

thermal efficiency of the combined cycle is 48.0% with split 

ratio at 0.63 and ORC evaporation temperature at 317.1 K. 

An increment of 4.1% on the stand-alone S-CO2 

recompression cycle efficiency is achieved. 

Analysis of the S-CO2 cycle main compressor inlet 
temperature 

The S-CO2 cycle main compressor inlet temperature 

influences the topping S-CO2 cycle directly and then has 

impacts on the bottoming ORC. The S-CO2 cycle main 

compressor inlet temperature changes from 305 K to 325 K. 

The split ratio and ORC evaporation temperature vary while 

the other combined cycle parameters keep constant as listed 

in Table 1 and Table 2. The variations of the combined cycle 

parameters with the main compressor inlet temperature are 

presented in Fig. 5.  

 
(a) 

 
(b) 
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(c) 

 
(d) 

 
(e) 

Figure 5 The variations of the combined cycle 
parameters with the S-CO2 cycle main compressor 

inlet temperature 

With the increment of the main compressor inlet 

temperature, the optimum evaporation temperature of the 

bottoming ORC increases from 313.8 K to 367.0 K as shown 

in Fig. 5(a). Fig. 5(b) demonstrates the optimum split ratio 

with main compressor inlet temperature. The optimum split 

ratio reduces from 0.631 to 0.627 when the main compressor 

inlet temperature is lower than 307 K and increases from 

0.627 to 0.734 when the main compressor inlet temperature 

is higher than 307 K. The ORC evaporation temperature and 

split ratio are independent factors, and the optimum values 

are chosen according to the total net power output of the 

combined cycle. The thermal efficiency of the bottoming 

ORC also increases from 3.8% to 12.0% as presented in Fig. 

5(c). As both the thermal efficiency and heat recovered of the 

bottoming ORC rises, the net power output of the bottoming 

ORC also increases from 252 kW to 1.558 MW as presented 

in Fig. 5(d). Fig. 5(e) demonstrates the thermal efficiency of 

the stand-alone S-CO2 cycle and the combined cycle with 

main compressor inlet temperature. The thermal efficiency of 

the stand-alone S-CO2 cycle decreases from 47.0% to 38.7% 

and the thermal efficiency of the combined cycle decreases 

from 48.2% to 46.9%. The highest thermal efficiency of the 

combined cycle is 48.2% with split ratio at 0.631, ORC 

evaporation temperature at 313.8 K and main compressor 

inlet temperature at 305 K. Compared to the original stand-

alone S-CO2 cycle system, the maximum efficiency can be 

increased by 4.6%. 

Analysis of the S-CO2 cycle main compressor inlet 
pressure 

The S-CO2 cycle main compressor inlet pressure also 

influences the topping S-CO2 cycle directly and then has 

impacts on the bottoming ORC. The main compressor inlet 

pressure changes from 7.4 MPa to 10 MPa. Split ratio and 

ORC evaporation temperature varies while the other 

combined cycle parameters keep constant as listed in Table 1 

and Table 2. Especially, the main compressor pressure ratio 

is constant. The variations of the combined cycle parameters 

with the main compressor inlet pressure are presented in Fig. 

6.  

 
(a) 



 

7 

 
(b) 

 
(c) 

 
(d) 

 
(e) 

Figure 6 The variations of the combined cycle 
parameters with the S-CO2 cycle main compressor 

inlet pressure 

Fig. 6(a) demonstrates the optimum ORC evaporation 

temperature of the bottoming ORC with main compressor 

inlet pressure. The optimum ORC evaporation temperature 

reduces from 345.4 K to 307.9 K when the main compressor 

inlet pressure is lower than 8.8 MPa and increases from 

307.9 K to 312.5 K when the main compressor inlet pressure 

is higher than 8.8 MPa. Fig. 6(b) shows the optimum split 

ratio with the main compressor inlet pressure. The optimum 

split ratio from 0.674 to 0.615 when the main compressor 

inlet pressure is lower than 8 MPa and increases from 0.615 

to 0.707 when the main compressor inlet pressure is higher 

than 8 MPa. The thermal efficiency of the bottoming ORC 

also decreases from 9.3% to 2.4% and then increases to 3.5% 

as shown in Fig. 6(c). The variation of the net power output 

of the bottoming ORC with the main compressor inlet 

pressure is presented in Fig. 6(d). The ORC net power output 

reduces from 832 kW to 297 kW when the main compressor 

inlet pressure is lower than 8.4 MPa and increases from 297 

kW to 407 kW when the main compressor inlet pressure is 

higher than 8.4 MPa. Fig. 6(e) demonstrates the thermal 

efficiency of the stand-alone S-CO2 cycle and the combined 

cycle with main compressor inlet pressure. The thermal 

efficiency of the stand-alone S-CO2 cycle increases from 

42.6% to 47.6% and the thermal efficiency of the combined 

cycle decreases from 46.9% to 49.4%. The highest thermal 

efficiency of the combined cycle is 49.4% with split ratio at 

0.707, ORC evaporation temperature at 312.5 K and main 

compressor inlet pressure at 10 MPa. Compared to the 

original stand-alone S-CO2 cycle system, the maximum 

efficiency can be increased by 7.2%. 

Parametric optimization 

Optimization method 

Based on the analysis above and previous studies, there 

exist optimum values of ORC evaporation temperature, the 

S-CO2 cycle spilt ratio and the S-CO2 cycle main 
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compressor pressure ratio. They have remarkable impacts on 

the combined cycle efficiency. So ORC evaporation 

temperature, the S-CO2 cycle spilt ratio and the S-CO2 cycle 

main compressor pressure ratio should be taken into 

consideration during the combined cycle optimization. 

Besides, the optimum values of ORC evaporation 

temperature and the S-CO2 cycle spilt ratio change with 

variation of the other S-CO2 cycle parameters. The two 

parameters are not independent. The S-CO2 cycle main 

compressor inlet pressure has influences on both the thermal 

efficiency and specific net power of S-CO2. So it should be 

also considered during the combined cycle optimization. The 

influence of the S-CO2 cycle main compressor inlet 

temperature and turbine inlet temperature is consistent with 

thermodynamic laws of Brayton cycle. So at the beginning of 

the optimization, lower S-CO2 cycle main compressor inlet 

temperature and higher turbine inlet temperature can be 

chosen. Thus less effort can be paid during the optimization.  

According to the results above, an improved systematic 

optimization method is proposed, and the flow chart of the 

method is shown in Fig. 7(b). While the conventional method 

is presented in Fig. 7(a). The optimization process of the 

improved systematic optimization method is conducted by 

the adjustments of the topping S-CO2 cycle and the 

bottoming ORC parameters simultaneously, which enables to 

achieve the global optimization. 

 
(a) Conventional optimization method 

 
(b) Improved optimization method 

Figure 7 Flow chart of the optimization methods 

Some performance properties of the combined cycle 

components are initially given, including the efficiency of S-

CO2 main compressor, S-CO2 recompressor, S-CO2 turbine, 

ORC pump, ORC turbine, and the effectiveness of high 

temperature recuperator and low temperature recuperator. 

Within the proper ranges, the topping S-CO2 cycle main 

compressor inlet temperature is set to the lowest value and 

the topping S-CO2 cycle turbine inlet temperature is set to 

the highest value at first. Then the other basic topping S-CO2 

cycle parameters are chosen, including the S-CO2 cycle main 

compressor inlet pressure and the S-CO2 cycle main 

compressor pressure ratio. After the split ratio is determined, 

the topping cycle net power output and thermal efficiency 

can be calculated. 

When the S-CO2 cycle main compressor inlet pressure, 

pressure ratio and split ratio are fixed, ORC evaporation 

temperature varies in order to find the optimum value to 

reach the maximum global efficiency under this condition. 

Then the split ratio changes and the S-CO2 cycle main 

compressor inlet pressure and pressure ratio keep constant to 

find the optimum split ratio. Correspondingly, the optimum 

ORC evaporation temperature also changes with the 

variation of split ratio. At last, topping S-CO2 cycle 

parameters change, including the main compressor inlet 

pressure and pressure ratio. Also, the split ratio and ORC 

evaporation temperature vary correspondingly. In fact, the 

heat load distribution between the topping cycle and 

bottoming cycle changes until the optimum distribution ratio 

is found to obtain the maximum combined cycle efficiency. 

Optimization of the recompression S-CO2-ORC 
combined cycle 

Based on the method above, the optimization of the 

recompression S-CO2-ORC combined cycle is conducted in 

this section. For the 10 MWe S-CO2 pilot plant test facility 

of STEP Program, the maximum turbine inlet pressure is 

23.9 MPa because of the limitation of materials. The basic 

value of main compressor inlet temperature is set as 306.6 K 

because of unknown reason so the main compressor inlet 

temperature is fixed during the optimization. The S-CO2 

turbine inlet temperature is limited by heat source and 

materials. And the S-CO2 turbine inlet temperature is set as 

973.2 K which is the same as the basic value. 

The S-CO2 cycle main compressor inlet pressure 

increases from 7.4 MPa to 10 MPa and the compressor 

pressure ratio change accordingly. The variations of the 

combined cycle parameters with the S-CO2 cycle main 

compressor inlet pressure at changing pressure ratio are 

shown in Fig. 8. The optimum evaporation temperature of 

the bottoming ORC reduces from 352.1 K to 307.6 K when 

the S-CO2 cycle main compressor inlet pressure is lower 

than 8.8 MPa and increases from 307.6 K to 311.4 K when 

the S-CO2 cycle main compressor inlet pressure is higher 

than 8.8 MPa as presented in Fig. 8(a). The optimum split 

ratio decreases from 0.68 to 0.62 at first and then increases to 

0.72, as shown in Fig. 8(b). The optimum turbine inlet 

pressure is 23.9 MPa. Fig. 8(c) shows the thermal efficiency 

of the stand-alone S-CO2 cycle and the combined cycle with 
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the S-CO2 cycle main compressor inlet pressure. When the 

S-CO2 cycle main compressor inlet pressure is lower than 8 

MPa, the thermal efficiency of the stand-alone S-CO2 cycle 

increases from 42.6% to 46.4% rapidly. When the main 

compressor inlet pressure is higher than 8 MPa, the S-CO2 

cycle efficiency increases slowly, and basically maintains at 

about 46.6%. However, for the combined cycle, there exists 

second growth in thermal efficiency after 8.6 MPa. Because 

the ORC net power output takes up a larger part of the total 

net power output of the combined cycle as the S-CO2 cycle 

main compressor inlet pressure becomes larger, which means 

the improvement of the bottoming ORC to the combined 

cycle is more apparent. Fig. 8(d) demonstrates the specific 

net power output of the topping S-CO2 cycle with main 

compressor inlet pressure. The specific net power output 

reaches the maximum value 101 kW with main compressor 

inlet pressure at 8 MPa or 8.2 MPa, which means the system 

and components can be much more compact. 8 MPa can be a 

good choice for the main compressor inlet pressure value 

because it can emphasize both thermal efficiency and capital 

costs. 

 
(a) 

 
(b) 

 
(c) 

 
(d) 

 
(e) 

Figure 8 The variations of the combined cycle 
parameters with the S-CO2 cycle main compressor 

inlet pressure at changing pressure ratio 

With the S-CO2 cycle main compressor inlet pressure at 

8 MPa, the S-CO2 cycle main compressor inlet temperature 

at 306.6 K, the S-CO2 cycle main compressor pressure ratio 

at 2.99, the S-CO2 cycle turbine inlet temperature at 973.2 K, 
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split ratio at 0.62, and ORC evaporation temperature at 322.6 

K, the thermal efficiency of the S-CO2-ORC combined cycle 

reaches the 48.0%. 4.1% increment on the original stand-

alone S-CO2 cycle thermal efficiency can be attained. 

Conclusions 

In this paper, thermodynamic analysis and optimization 

of recompression S-CO2-ORC combined cycle are carried 

out. The basic parameters of the topping S-CO2 cycle are set 

according to U.S. DOE’s 10 MWe S-CO2 pilot plant test 

facility. The thermal efficiency and net power output of the 

original stand-alone S-CO2 cycle are 46.1% and 10.1 MW 

respectively.  

The influence of the S-CO2 cycle split ratio is first 

discussed. The highest thermal efficiency of the combined 

cycle is 48.0% with split ratio at 0.63 and ORC evaporation 

temperature at 317.1 K which achieves an increment of 4.1% 

on the basic stand-alone S-CO2 recompression cycle 

efficiency. The analysis of topping S-CO2 cycle parameters 

is conducted based on the optimized ORC evaporation 

temperature and S-CO2 cycle split ratio. The S-CO2 cycle 

main compressor inlet temperature and pressure are 

important parameters of the topping S-CO2 cycle. Compared 

to the reference S-CO2 cycle system, the maximum 

efficiency can be improved by 4.6% and 7.2% respectively if 

the optimization of the S-CO2 cycle main compressor inlet 

temperature and pressure is conducted. 

Based on the thermodynamic analysis and previous 

works, a systematic optimization method of the S-CO2-ORC 

combined cycle is proposed and the optimization is 

conducted. When the S-CO2 cycle main compressor inlet 

temperature is 306.6 K, the S-CO2 cycle main compressor 

inlet pressure is 8 MPa, the S-CO2 cycle main compressor 

pressure ratio is 2.99, the S-CO2 cycle turbine inlet 

temperature is 973.2 K, the split ratio is 0.62, and ORC 

evaporation temperature is 322.6 K, the thermal efficiency of 

the S-CO2-ORC combined cycle reaches 48.0% and the net 

power output of the S-CO2 cycle reaches the peak value. 

Thus it can emphasize both thermal performance and capital 

costs and 4.1% increment on the thermal efficiency can be 

attained. 

NOMENCLATURE 

h  enthalpy, kJ/kg 

T  temperature, K 
p   pressure, MPa 

W   output power, kW 

G   mass flow rate, kg/s 

Q  heat load, kW 

pc   specific heat capacity, kJ/(kg·K) 

Greek symbols 
   efficiency 

   recuperative ratio 

Subscripts 

comp   compressor of the topping S-CO2 cycle 

T  turbine of the topping S-CO2 cycle 

2S CO supercritical carbon dioxide cycle 

ORC   Organic Rankine Cycle 

in  input 

net   net power output 

pump  pump of the bottoming ORC 

opt   optimal 

global  global thermal efficiency 

Acronyms 

S-CO2  supercritical carbon dioxide 

ORC  Organic Rankine Cycle 
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