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ABSTRACT

Introduction and Motivation

Figure 1. Decrease in power generation of a isobutane basic cycle with 
175°C (347°F) production fluid design temperature as function of produc-
tion fluid temperature decline rate.
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Retrofit Hybrid Plant Configuration
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Technical Approach

Table 1. Assumed annual production fluid temperature decline rates.

Design Temperature AnnualTemperature Decline

150°C (302°F) 1.0°C (1.8°F)

175°C (347°F) 1.1°C (2.0°F)

200°C (392°F) 1.5°C (2.7°F)

Figure 2. Monthly-averaged hourly TMY ambient temperature for Reno, 
Nevada (°C).

Figure 3. Monthly-averaged hourly TMY DNI data for Reno, Nevada (W/m2).

Table 2. Plant equipment design parameters.

Equipment Type Design Specification

heat exchanger minimum  
temperature approach

preheater/vaporizer:  10°F
air-cooled condenser:  15°F

rotational equipment efficiencies 
(isentropic/mechanical)

pump:  80%/98%
fan:  55%/90%
turbine:  83%/94%

piping and equipment fluid  
frictional losses

liquid piping:  10 psi
vapor piping:  4 psi
preheater/vaporizer:  38 psi
condenser:  1 psi
control valve:  2 psi
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Results and Discussion

Table 3. Base power plant design point operation for selected geothermal production 
fluid temperature scenarios.

Production  
Fluid Design  
Temperature

Geofluid 
Exit Temp  

Limit 
Constraint

Base Plant  
Design Point  
Heat Input  

(Mwt)

Base Plant  
Design Point  

Power Output  
(Mwe)

Base Plant 
Design Point 

Thermal  
Efficiency

Base Plant  
Turbine Inlet  
Conditions  

(Subcritical or  
Supercritical)
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Figure 4. Simulated mid-June iC4 base and 18-SCA loop hybrid plant per-
formance with 347, 317, and 287°F production fluid temperature (347°F 
design temperature).

Figure 5. Base and hybrid plant monthly power generation.

Figure 6. Base and hybrid plant annual power generation with 1 and 2°F/
year annual production fluid temperature decline.
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a. 150°C production fluid design temperature b. 175°C production fluid design temperature 

c. 200°C production fluid design temperature d. 200°C production fluid design temperature 
(with geofluid exit temperature limit) 
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a. 150°C production fluid design temperature b. 175°C production fluid design temperature 

c. 200°C production fluid design temperature d. 200°C production fluid design temperature 
(with geofluid exit temperature limit) 
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Figure 7. Additional annual power generation from solar retrofit of base plant as function of solar heat ad-
dition (percentage of base plant design point heat input).

Figure 8. Thermal efficiency of power conversion from solar heat addition equal to 25% of base plant 
design point heat input.
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a. 150°C production fluid design temperature b. 175°C production fluid design temperature 

c. 200°C production fluid design temperature d. 200°C production fluid design temperature 
(with geofluid exit temperature limit) 
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a. 150°C production fluid design temperature b. 175°C production fluid design temperature 

c. 200°C production fluid design temperature d. 200°C production fluid design temperature 
(with geofluid exit temperature limit) 
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Figure 9. Optimized solar hybrid retrofit heat input (percentage of base plant design point heat input) to 
base plant.

Figure 10. Optimized NPV for solar hybrid retrofit of base plant.
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Conclusions

Nomenclature
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