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Resource conditions

 The Montecastelli Pisano area (in which the "Castelnuovo™ POMARANCE 4 i
permit falls) is characterized by values between 100 and 300 3
mW/m? on average.

« Saturated vapour at a pressure within the 60-80 bar range,
280°C temperature at about 3500 m depth.

« At well head, the expected resource conditions are 10.3 bars
pressure and 180 °C temperature.

e The NCG mass content is estimated at about 8%o, of which
about 7.8% is C02 and 0.2% HZS. Heat flow distribution expressed in mW/m?2 (Bellani et al., 2004)

Bellani, S., Brogi, A., Lazzarotto, A., Liotta, D., Ranalli, G., 2004. Heat flow, deep temperatures and extensional structures in the
Larderello geothermal field (Italy): constraints on geothermal fluid flow. J. Volcanol. Geotherm. Res. 132, 15— 29.
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Power plant schematic

« The well layout consists of 2
production and 1 reinjection
wells.

» The ORC is a recuperative
power cycle using
R1233zd(E) as working
fluid.

» Athree-stage compressor
with intercoolers to reduce
the power consumption is
considered.
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Thermodynamic models
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Geothermal fluid are
considered as a mixture of
H,O and CO.,.

CO,-H,0 mixture properties
are estimated with a third-
order EOS model.

« ACO, Solubility model

(Duan and Sun, 2003) is
implemented in the in-house
code for THD properties.

Duan Z., Sun R., An improved model
calculating CO, solubility in pure water and
aqueous NaCl solutions from 273 to 533 K
and from 0 to 2000 bar, Chemical Geology,
193, 2003, 257 - 271



UNIVERSITA | DIEF '. : EGW 20]9

DEGLI STUDI | Dipartimento di

F [ P\E N Z E |r‘|gegr‘| oria Industriale ' 7" European Geothermal Workshop
‘ ‘ Karlsruhe, 9-10 October 2019

Thermodynamic model results
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Exergo-Economic model

« The Exergo-Economic Analysis (EEA) combines the exergy and the economic

» Exergy is defined as the maximum analyses, in order to provide a clear and efficient evaluation of the cost
work that can be obtained by bringing effectiveness of each component of the power plant, introducing the costs per
the state of a system to equilibrium exergy unit (Bejan et al., 1996).
with the environment (Kotas, 1985).

P c2Exy = c1Exy + ow, W, + 7, cw, =Cw,
RHE C3EX3 + CgEXSZCZEX2+C7EX7+ZHE C7 = Cg
E.XD . . MHE C6EX6 +C31EX31 + C4_0EX4_0 = C3 EX3+C30EX30+ZHEgeO 230 z 231
Xk = = Exergy destruction ratio . . o w00
EXD tot T C7EX7 -+ CWtWt = C6EX6+Zt Cz = Cy
’ . . . . . =0
CON c1Exq + c21Exy1 = cgExg + c20EX30 + Zeona CZO_
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Ne Ni ) . . . : C50=0
z Crek = Z Crix + 7,  Exergy cost balance n e B st Bs1 = Caolao T CsoBitso T Ercs cloi= 041
. i C1 Ca2EXaz = Ca1Exgr+ow  Wer+Zes Cwe, =Cwy
. i . . . Cs52 = Csp
n IC1 C43EX431C53EX53 = C42EXyp + C52EX5) + Zjcq Cas = Caz
n C2 C44EXqq = Cy3 EX43+CWc2Wc2+Zc2 CwWe, =Cw,
Bejan A., Tsatsaronis G., Moran M.J.: Thermal Design and : ; — ; ; : €54 = Cso
Optimization, John Wiley & Sons, (1996). (62 CasEXas*CssEXss = CagEXaq + C54EXss + Zica Cy5 = Cyy
Kotas, T., The Exergy Method of Thermal Plant Analysis, Elsevier, C3 C46EX46 = (45 EX45 +CWC3Wc3+Zc3 CW 5 =Cw,

1985.
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Exergo-economic Results
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noe  PEC = Purchased Equipment Cost
¥ 0.0009 « Z; = Sum of the cost rates associated with investments and

operation and maintenance for the k-th component
. CD,k = Exergy destruction cost rate
* Cpy = costs per exergy unit of fuel
* Cpy =costs per exergy unit of product
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Dynamic Simulation of the Reinjection Well

The model was developed in Honeywell
UniSim®, including control of the flow rate by
valve throttling and estimation of the water level.

Two approaches are considered for the simulation
of the drain injection process.

In the first design (Tank-Tank: TT), the well is
simplified with two cascade tanks and a valve.

In the second design a preliminary cylindrical
tank and a pipe segment are utilized (Tank-Pipe:
TP).
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Stabilization time of water level in the start-up phase.
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Water level change as the result of reducing valve opening in

three steps 10% each.
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Flow-pressure variations in the reinjection well
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Conclusions

« A model of the Castelnuovo power plant was presented with a focus on power generation performance
(design) and on the reinjection process (including transients/dynamic simulation).

« Sensitivity analyses were performed: the performance of the system for the power generation (CO,

content) and the compression train (delivery pressure and 2-phase reinjection depth) were assessed over a
wide operating range.

« The dynamic simulation model provided information on the unsteady behaviour of the process with
relevant info on how to manage two-phase flow conditions at the reinjection well head.

GEOTHERMAL
EMISSION
CONTROL

)

&
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