ks
e

| p SRR A
| ] s

= & 2§ &lcipoi)jgﬁ_:n_h with

|
- ¥ =1 ]

10-12 December, 2019 - LUMSA University - Rome LUMSA

A P2X SYSTEM FOR LIQUID METHANE AND LIQUID OXYGEN
PRODUCTION COUPLED TO A GEOTHERMAL PLANT

speaker: Ing. Gianluca PASINI

Andrea BACCIOLI, Eleonora BARGIACCHI, Alessio CIAMBELLOTTI,
Umberto DESIDERI, Davide FIORITI, Romano GIGLIOLI, Gianluca PASINI
Pisa University - DESTEC

I o
1 L] § ";"‘f\—-;' /‘;
L)) 5
: AN/
[ i " o
i l . ! UNIVERSITA DI PISA



INTRO/MOTIVATION

Renewable Source: Geothermal
The heat from the Earth: clean and sustainable.

Geothermal Power Capacity in the world
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source: REN21 - Renewables 2018 Global Status Report
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INTRO/MOTIVATION

(

High
T Temp
Steam

ks

Steam

Waste Brine

t 4 4

~ V4
Air & Water Va

~\

/J

Tower

Brine =

I

Well

Well

Injection

T~

source: U.S. DOE, Idaho National Laboratory - What is Geothermal Energy?

Different type of plants for different geothermal
sources, single/double flash, direct steam, ORGC, ...

Natural CO, emission only for high temperature
geothermal field with carbonate substrate.

Other emission reduction systems could be applied.

» Planned/possible ending of the subsidies programs
in some countries.

» GHG emission concern, even if from renewables.

Alternative solutions for existing plants
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CASE STUDY

Geothermal Power Plant Piancastagnaio 5
20 MWe nominal capacity 8000 equivalent hours per year
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San Marino o
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274 oo Florgnce
" m Local water source available (river <500m)
' Italy
A AMIS system for emissions abatement (ENEL patented
e “Abbattimento di Mercurio e Idrogeno Solforato®)
kg/h 5072 79.3
‘@Rome

source: Arpat Report - Controllo alle emissioni delle centrali geotermiche Anno 2017

-d‘ S G
fl 2 v‘ry\‘v
J\ i I 1. "' UNIVERSITA DI PISA



PROPOSED PLANT: GEO-P2X

- Reosidual CO2 + CH4

» Sized for Geo Power plant
| nominal capacity (20 MWe)

Compression . . Methane
Geothormal [~cof™|  @30bar [T WP TG wautacton PRLNG » Gas collected post-AMIS

Power Plant + | +CH4
GEO ‘ AMIS A
FLUID >
< water2 Ha Water from local sources
(pre-treatment with ion
y exchange resin filtration)
Water purification | | Oxygen
WATER - pumping @30bar ' water Electrolyzer | 02 Liquefaction b LOXx
» RLNG production
» Liquid Oxygen production
Electric power - Product - Renewable Source i V255 Flow
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ELECTROLYZER

Alkaline electrolyzer Input
» Water, 3000 kg/h (1500 recirculated from methanation unit)
Well-assessed technology, commercially available » Temperature and pressure conditions
26_ ! [ ]
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-~ Aspen Custom Modeler e
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_ electrolyte \ ASpen HysyS ,’
el Sso Simulation -
/ :
anode .' cathode
(Ni.Co, Fe)  giaphragm  (Ni, C-Pt) OUtp ut
(NIO)
1 » Electrical Power consumed, 18.6 MW (57 kWh/kg of H,)
Z.OH(I) —>H20(1) + ioz(g) +2-6 » Hydrogen, 330 kg/h
» Oxygen, 2600 kg/h
2-Hy0)) +2-e —2-OH)) + Ha > Heat, 4.6 MWt (at 80°C)

source: Milewski et al. - Modeling an alkaline electrolysis cell through reduced-order and loss estimate Approaches
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METHANATION UNIT

MET3 MET?2 /L\
HRSG3 AT — «
SNG | |
4—@47 < < P CcO, Plant Conflguratlon
HRSG1 HEX1 Haldor Tropsoe
__ HRSG2 HEX2 | (__ \(
Peng-Robinson

Equation of state
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PEEE L TR K. | CO, | SNG | Pressure | Heat(1-49040°C)
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Simulation ,I 327 kg/h 1800 kg/h 682 kg/h 30 bar 2.8 MWt
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LIQUEFACTION - RLNG

SNG from
Methanation unit

Renewable
Liquified
Natural Gas

Heat produced: 0.3 MWt (T>100°C);
Energy consumption: 0.63 kWh/kg of RLNG @3bar -155°C
RLNG production: 680 kg/h

~ -
~~-—————

- —-——TEN - ~a » Simple internal refrigerant cycle (Kapitza variant)
l’ Aspen Hysys \‘ > Upgrading not necessary
. . » Power consumption: 0.43 MWe
o Simulation R4 4
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OXYGEN LIQUEFACTION

N Simulation

02 from
Electrolyzer
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i
Liquefied
Oxygen

» Power consumption: 1 MWe

» Heat produced: 1.3 MWt (T>100°C)

» Energy consumption: 0.38 kWh/kg of liquid oxygen @3bar -175°C
» Liquid oxygen production: 2600 kg/h

» Extremely high purity of oxygen, chemical or medical use

=i

’JI

i : 1343 )
] UNIVERSITA DI P1sA




ENERGY/MASS BALANCE

Residual CO2 + CH4

Year total results: T
» Electricity consumption: 162 GWh
» Water consumption: 11800 t RLNG
GEO-P2X
> Liquid Oxygen production: 20900 t plant LOXx
> RLNG production: 5500 t WATER Iy
» CO, converted to SNG: 14400t (89 kg/MWh)
. : GEO FLUID
» CH, not emitted: 222 t (global warming
potential GWP equivalent to 5500 t of CO,)
P2X plant produce also Heat, 9 MWHt, at temperatures up to 490 °C.
Possibility of efficient energy recovery, both thermal and electrical.
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ECONOMIC PRELIMINARY ANALYSIS

OpEx

Geo-P2X system CapEx [mln €] Electricity produced from Geothermal Plant and self-consumed:

Electrolyzer 10.5 valued at PUN average price of 55 €/MWh (30-70 sensitivity)
Maintenance: 5% of Capex per year

Oxygen liquefaction plant 6

: : i(1+4:)
RLNG liquefaction plant 2 Annual amortization: 5% interest, 25 years ( _ )

(1+i) -1
Other components 1
Total investment 19.5 .
Operating Revenues
Sale of RLNG and LOx, price sensitivity (w/o transportation)
No subsidies

Operating Income = Operating Revenues — OpEXx

Sources: Richard Turton - Analysis, Synthesis, and Design of Chemical Processes

Baier et al. - A Cost Estimation for CO2 Reduction and Reuse by Methanation from Cement Industry Sources in Switzerland
Gestore dei Mercati Energetici - PUN index

Various commercial quotes
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ECONOMIC PRELIMINARY ANALYSIS

Operating Income, year simulation omm————————

S

Operating Income vs Electricity value
(RNLG 0,5 €/kg - Liquid Oxygen 0,6 €/kg)

[y
o

Electricity valued at 55 €/MWHAh, Operating Income in min €

|
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Liquid Oxygen selling price [€/kg] "
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o — 03 04 05 06 07 08 | £
S ¥ 03 1.3 08 29 50 74 ! § ' mmmmmm=—=—PS
T o 04 07 14 35 56 7.6 === 7T
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“ = 05 02 19 <C40»-6.1" 82 1 &
2 8 os 04 25 45 66 I & o w 10 50 o0 10
E:| 'g- 0.7 0.9 3.0 5.1 7.2 \\ Electricity value [€/MWh]
0.8 1.4 3.5 5.6 7.7 \\~ __________________________ -

Strong dependence on LOx selling price ... and on Electricity value
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ECONOMIC PRELIMINARY ANALYSIS

Operating Income, year simulation

Electricity valued at 55 €/MWHAh, Operating Income in min € Electricity valued at 30 €/MWHAh, Operating Income in min €
Liquid Oxygen selling price [€/kg] Liquid Oxygen selling price [€/kg]
80 — 03 04 05 06 07 08 80 — 03 04 05 06 07 08
S ¥ o3 1.3 08 29 50 7.1 S » 03 07 28 49 70 91 111
o o 04 . 0.7 14 35 56 76 2o 04 12 33 54 75 96 117
W — 05 02 19 40 61 82 W — 05 18 39 60 80 101 122
g _g 06 | -1.7 04 25 45 66 8.7 LZD _g 06 23 44 65 86 107 128
= g 07 12 09 30 51 72 93 =2 g 07 29 50 70 91 112 133
08 -06 14 35 56 77 98 | 08 34 55 76 97 118 139 |

Strong dependence on LOx selling price ... and on Electricity value
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ECONOMIC DETAILED STUDY - ongoing

-y gy,

RESEth_*ﬁHE’
riNG Excess of natural CO, from geothermal allows higher P2X
GEO-P2X production with oversized plant.
WATER plant o
Flexible and “hybrid” operation mode during high RES
production and low market price.
GEO FLUID
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ECONOMIC DETAILED STUDY - ongoing

Inputs Optimization Results
1) LOx market . =
2) RLNG market ~"***-.... N §
) Profitability of the system
m [ [ [
3) Electricity market —> & Optimal design and dispatch:

Variables to optimize:
» Components capacity
= Metanator
________ = Hydrogen tank
| = Hydrogen compressor

RLNG

Lox » Components dispatch

0 2000 4000 6000 8000

‘‘‘‘‘‘

4) Plant max sizing —_
5) Cost and energy / WATER
analysis, CapEx and

OpEXx

GEO-P2X
plant

GEO FLUID
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FINAL REMARKS

* Geothermal plants are sources of natural CO2, suitable for P2X

* Sell electricity or other products ?

* Small Scale LNG and LOx plant are mandatory for off-grid P2X systems

* Electricity trade with main grid, price limit

Excess of natural CO, from geothermal allows higher P2X production with oversized plant.
Flexible and “hybrid” operation mode during high RES production and low market price.
Economical optimization leads to very small hydrogen storage.
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CONTACT

Ing. Gianluca Pasini
gianluca.pasini@for.unipi.it
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