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• What is a Trans-ORC? 

• Why Trans-ORC? 

• Equipment sizing and capital cost estimation 

• Parametric optimization 

• Conclusions 
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Outline 
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Trans-ORC: Transcritical Organic Rankine Cycle 

P-T diagram (www.coolprop.org)  Subcritical Rankine cycle 

Supercritical Rankine cycle Transcritical Rankine cycle 
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• Benefits:  
– Better match between resource cooling  curve & working 

fluid heating curve  greater utilization of the heat source 
 More power with higher efficiency 

– Single primary heat exchanger 
– Components are compact and the cost of both 

components and connecting piping can possibly be lower 
 

• Challenges: 
– Higher cost and more pump power required 
– Additional engineering on supercritical heat exchangers 

and special attention paid to the pressure ratio limits on 
the expander 

4 

Trans-ORC benefits and challenges 
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• Geothermal – Kirchweidach (Germany) 
– Cryostar Trans-ORC (Tsource: 130°C, working fluid: 

refrigerant, Cryostar TG-700: 8.1 MW) 

• Geothermal – Livorno (Italia) 
– Turboden Trans-ORC (Tsource: 150°C, working fluid: 

refrigerant, net power: 500 kWel) 

•  Geothermal – TAS Trans-ORCs (working fluid: 
R134a) 
– 13.2 MW Gumuskoy power plant 
– ~3 MW TAS Trans-ORC (Net San Emidio power plant) 
– 22 MW Neal Hot Springs Power Plant 
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Trans-ORC References 
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• Sizing and parametricaly optimizing a small 
scale Trans-ORC to recover energy from a 
cooling circuit of turbine exhaust gas 

6 

Objective 
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Working fluid properties 

Factors influencing working fluid selection (Horn, 2011) 

HFCs 
HCs 
HFOs 
… 

Heat source 
available 

temperature 

R134a 
R152a 
R32 
Propane 
R1234ze 

Available  
compounds 

Screening criteria 
Selected  

fluids 
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R134a R152a R32 Propane R1234ze (E) 

GWP      

Toxicity      

Flammability      

Materials      

Pressure      

Cost      

Availability      

Familiarity      
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Working fluid properties 
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• Power consumed by ORC feed pump 

• Heat transfer surface area of heat exchangers  

• Power consumed by fan 

• Power produced by turbine/generator 

• Working fluid quantity 

• Net cycle power and thermal efficiency 
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Equipment sizing and cycle performance 
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Equipment sizing and cycle performance 
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Vapor generator 

Shell and tube heat exchanger 

Simple geometry of shell and tube hex 

Single-segmental cut baffle 
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Air-cooled condenser 

Air-cooled heat exchanger (Kraus et al., 2001) 

Horizontal finned tube bundle 

Air side heat transfer & pressure drop: Ganguli correlations (Ganguli et al., 1985) 

Single phase heat transfer inside tube: Gnielinski correlation (Gnielinski, 1976) 

Two phase heat transfer inside tube: Shah correlation (Shah, 2009) 

Optimized variables: tube pass number, tube number 

Optimization constraints: pressure drop, tube length 
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Equipment costing 
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Parametric optimization 
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Parameters R134a R152a R32 Propane R1234ze (E) 

Electrical power output, kWe 88.7 102.9 93.1 89.3 95.6 

Thermal Efficiency, % 9.2 10.7 9.7 9.3 9.9 

TIT, °C 140 139.6 140 140 140 

TIP, kPa 5420 5014 9253 6087 4206 

Tcond, °C 48.1 44.4 40.5 43.8 43.5 

Pcond, kPa 1257 1022 2509 1494 842.7 

Tcso, °C 29.8 29.9 28.9 29.5 29.9 

SIC, US$/kWe 2937 2641 3155 3075 3059 

Avoided CO2 emission*, t/year 131.5 268.5 243 258.9 249.5 

15 

Results 

Lowest SIC 

* Annual operating hours is assumed to be 7884 h/year at full load with specific CO2 emissions for electricity generation of 331g/kWh (Clément, 2014) 
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Results 

Sub-ORC module (data adapted from Vanslambrouck et al., 2011) 

SIC of R152a-based Trans-ORC 
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• Sizing and minimizing Specific Investment 
Capital of a Trans-ORC for WHR 

• Trans-ORC presents a real potential to improve 
performance and reduce investment of small-
scale waste heat to power plant 

• Thermo-hydraulic and economic models 
should be considered in more detail 

• Other improvements should be considered for 
Trans-ORC power plant  
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Conclusions – Perspectives  
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Thank you for your attention! 


