


















4. Thermodynamic analysis

This section presents a comparative analysis of the net power output, 
parasitic power consumption (including working fluid pump, circulating 
pump and cooling tower fan), thermal efficiency, and exergy efficiency 
of the candidate working fluids under the conditions corresponding to 

maximum net power output at various geothermal source temperatures. 
The results are also compared with those of a subcritical ORC with a 
recuperator using R601a (isopentane) as the working fluid. For the 
subcritical ORC with saturated vapor at the turbine inlet (hereafter, 
referred to as SAORC), the evaporation temperatures are optimized to 
maximize the net power output.

Fig. 8. Net power outputs of SORCs with (a) R1234yf at tG,in = 150 ◦C, (b) 
R134a at tG,in = 160 ◦C, and (c) R1234ze(E) at tG,in = 170 ◦C as functions of 
turbine inlet temperature and pressure.

Fig. 9. Turbine power outputs of RSORCs with (a) R1234yf, (b) R134a, and (c) 
R1234ze(E) as functions of turbine inlet temperature and pressure.
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Fig. 15. Parasitic power fraction relative to gross turbine power for (a) SORC and (b) RSORC under optimal conditions.

Fig. 16. Net power outputs for (a) SORC and (b) RSORC under optimal con
ditions at various geothermal brine temperatures.

Fig. 17. Cycle thermal efficiencies of (a) SORC and (b) RSORC at the optimal 
conditions for various geothermal brine temperatures.
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achieves the highest HTC in the desuperheater due to its higher specific 
heat capacity and thermal conductivity, requiring 3.5− 6.4 % less 
desuperheater area than R134a for brine temperatures above 160 ◦C, 
despite a 14− 20 % higher heat load. Dry and isentropic fluids require 
larger desuperheater areas than wet fluids because of their inherently 
higher heat loads. RC318 presents the lowest HTC, attributed to its low 
specific heat and thermal conductivity, combined with the highest heat 
load, demands the largest desuperheater area. For R1234yf, although its 
heat load is 1.5–2.2 times greater than that of R134a, its higher HTC and 
LMTD limit the desuperheater area increase to 19.7− 46.2 %.

In the SORC system, dry working fluids require up to 10.5 % more 
total heat exchanger area than R134a at a brine temperature of 150 ◦C, 
with the gap narrowing to 1− 4 % at 180 ◦C. R1234ze(E) requires 
2.1− 4.7 % more total area compared to R134a. In contrast, R152a de
mands the lowest total heat exchanger area, 3.4− 7.2 % lower than that 
of R134a. For the SAORC, R601a requires 9 % more total area than 
R134a at a brine temperature of 180 ◦C due to a larger desuperheater, 
but 2− 4 % less at lower brine temperatures.

Compared with SORC, the optimal turbine inlet pressure in RSORC is 
lower, leading to a reduced pseudo-critical temperature and a more 
pronounced peak in specific heat, which enhances the HTC near the 
pseudo-critical point. However, in the PHE high-temperature section, 
the HTC decreases due to reduced density and thermal conductivity. Wet 
and isentropic working fluids require smaller PHE areas in RSORC than 

in SORC for brine temperatures below 160 ◦C, because of the larger 
temperature difference in the high-temperature section. In contrast, dry 
working fluids consistently demand larger PHE areas in RSORC due to 
the lower overall HTC. R1234yf requires 1.9 % more PHE area in RSORC 
at a brine temperature of 150 ◦C, while it requires 32.6 % additional area 
at 180 ◦C. In RSORC, the PHE area for R1234ze(E) is close to that for 
R134a, while R1234yf requires 16.3 %–22 % more area.

The RSORC system requires a larger condenser area than the SORC 
system due to the increased condensation heat load. For R134a, the 
condenser area in RSORC is 2.4–11.2 % greater than that in SORC. As 
the geothermal brine temperature increases from 150 ◦C to 180 ◦C, the 
additional condenser area required for RSORC using R1234yf relative to 
SORC increases from 12.5 % to 20.2 %. This growth is even more pro
nounced for RC318, with RSORC requiring 34.3 % more condenser area 
at a brine temperature of 180 ◦C. In RSORC, the condenser area required 
for R1234ze(E) is approximately 4 % larger than that for R134a. 
Compared to the SORC system, the desuperheater area in RSORC is 
reduced up to 38 %. However, the additional recuperator area contrib
utes to an increase in the total heat exchanger area, particularly for dry 
working fluids. At a brine temperature of 150 ◦C, the recuperator area 
required for R1234yf is approximately 3 times that of R134a, while for 
RC318, it can be up to 5 times larger. As the geothermal brine temper
ature increases to 180 ◦C, R1234yf requires 57 % more, and RC318 re
quires 169 % more recuperator area compared to R134a.

Fig. 21. Required heat transfer areas for (a) SORC and (b) RSORC at the optimal condition.
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