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Natural steam in geothermal power plant can content significant concentrations of
non-condensing gases (NCG), mostly CO2. As a result the condensing pressure is
typically rather high, heat transfer coefficient in condenser is low and large vacuum
pumps with large power consumption to extract the NCG out of the condenser need
to be implemented.

Several concepts involve NCG separation by a reboiler for steam degassing upstream
the turbine. This process is however connected with significant loss of steam
parameters, moreover the vented NCG presents also a loss of a certain work
potential. Also there are required rather costly high pressure vessels.
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Requirements and features:

- turbine modification

- additional equipment

- design allows deeper vacuum in condenser (larger last turbine stages, slightly
larger sealing and strength requirements)

- Positive thermodynamic effect will be stronger in colder climates (lower possible

condensing pressure)

Boundary conditions
- Geofluid is water with NCG consisting only of CO2, at 200°C and 10 Mpa, 100 kg/s
- Throttling at 0.5 Mpa

- Cooling water at 25°C and 5 K heating up in condenser

- NCG rejection pressure 110 kPa (should be above 1 atm with a margin)

Assumptions

Steady state, 5 K pinch point

Equipment n — turbine 80% (isentropic), vacuum pump 50% (isothermal — water
ring), electrical + mechanical 98%

Used methods

Peng-Robinson EQOS, calculations performed using Aspen-Plus

Optimization for max. power output within BC constrains - adjusted pressure levels
Economic model:

- Period price/cost (2016)

- balanced to Rotterdam location

- modified ASEP model (15 year lifetime, 5000 hour/per years)
- Equipment cost, Total Capital Cost, COE, CO2 price
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- In traditional scheme an optimum condensing pressure exists, balancing turbine
power output with amount of vapour sucked by a vacuum pump with CO2 and related
vacuum system power input

- In reboiler scheme an optimum reboiling pressure exists, balancing between mass
flow of LP turbine stage, its inlet pressure and amount of steam vented with CO2

Net power production and CO2 concentrations
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Economic results
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Parameters 3% CO2 in geofluid
tradit reboil
Total IN cost (period/well lifetime) [mil. EUR]  48.32 /278.25 25.82 / 145.02
Specific IN cost of power cycle [EUR/kWe] 5829 2 587
COE [c€/kWHh] 42.18 20.40
CO2 cost (w/o EB) [EUR/tCO2] 193.86 103.59
CO2 cost (w EB — 15 c€/kWh) [EUR/tCO2] 124.92 27.43

Advantages of reboiler scheme

+ passively operating system, except for possible control valve

+ largely minimized size of condenser vacuum pump

+ at given B.C. higher net power production for NCG (CO2) mass fraction > 0.6% in
geofluid (5% in steam)

+ lower precipitation risk of dissolved minerals on LP turbine stages

+ higher steam quality in LP turbine stages

+ NCG (CO2) stream vented right above atmospheric pressure — available for further
treatment

+ reboiler at near atmospheric pressure — low material strength requirements

+ retrofitable to current backpressure geothermal units

+ higher heat transfer coefficient in condenser (lower NCG content)

+ up to a half of total capital investment cost (in case 3%CO2 in fluid) compared to
traditional scheme (Vacuum pump — 10 times lower)

+ the relative independence of the total capital investment cost for the CO2 content in
the fluid (in the analyzed range)
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