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Thermodynamics
ORC with a zeotropic mixture as working
fluid
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Process simulation

» Software: Matlab

* Fluid properties: RefProp Version 8.0 (NIST)

Optimization
» QOutlet temperature of heat source is adapted to the maximum power output

Geothermal parameters

temperature of geothermal water 120 °C
mass flow rate of geothermal water 65 /s

ORC boundary conditions

inlet temperature of cooling water 15 °C
temperature difference of cooling water
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Methods
Exergy analysis

Second law analysis
» Second law efficiency:

Irreversibilities

Dead state

Case Studies

Fluids:

Parameter variation;:
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Purchased equipment costs (PEC)

» Empiric correlation for pumps, turbines and heat exchanger equipment based
on manufacturing data [Turton et al.]:

log; PEC = K; + K, log; X + K3(l0gyo X )?

Calculation of heat transfer surface
» Heat exchanger design: ideal counter flow double pipe
» Correction factors according VDI-Warmeatlas
plate heat exchanger - NTU-Method
heat transfer coefficient for mixtures [Schllnder], [Shah]
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Methods
Exergoeconomic analysis

Cost rates
* Annual capital investment cost rate

Exergy costing
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* Annual expense concerning operation and maintenance

e Cost rate: Ci =c EEi
« Cost balance of each component: Cpx =Crx —Cpi + Z
C | (CFueI total EFueI total + ZZK )
- Total specific cost rate of the product:  Cp o ==~ = _ K
EP,total EP total
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Summary

» A case study of a geothermal ORC power plant was performed.

» Exergoeconomic analysis permits the identification of optimal process parameters.
* |sobutane leads to 0.8 % lower specific costs compared to isopentane.

» The use of zeotropic mixture decreases the specific costs up to 1.8 %.

» Results would differ significantly, if a constant temperature difference was
assumed.

Further work

» Calculation of shell and tube heat exchanger (according to VDI-Warmeatlas)
» Using EconExpert for economic data

» More detailed analysis concerning turbine design and costs.

 Thermoeconomic evaluation each component
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