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Global changes urge a radical transformation and improvement of the energy producing
systems to meet the decarbonisation targets of the European economy by 2050 and a
reduction of greenhouse gas emissions.

| Greenhouseemissions | Energy from renewables | Energy efficiency _
-20% 20% +20%
-40% 27% +27%
-80-95% 75% +41%
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Geothermal energy can significantly contribute to the
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generation of electricity, heating and cooling
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Today a key issue in the oil industry is the
management of produced waters. In fact, the oil
and gas production in its mature stage is often
associated to a large amount of brines or
formation waters which must be treated
continuously.

Since these formation waters could not be
released to the environment they are often
reinjected in the subsurface. The analogies with
the doublet geothermal plant are clear.

A possible way to accelerate the implementation
of complementary geothermal-hydrocarbon
production opportunities is to proceed to an
evaluation of the available thermal potential
ready to use.

The final utilization and the potential of
geothermal production depends on the
temperature, pressure and flow rate of water,
which are function of local geothermal gradient,
well depth, and poro-perm properties of the
reservoir rocks.
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The proposed selection method is based on the reservoir temperature.

First selection: fields that have temperature above 70 °C have been considered referenced to
isotherms at 3000 m. The result of this procedure leads to have 39 fields.

Second selection: fields with depth in the range 2000+3000 m with temperatures higher than 70 °C.
From this selection 7 fields located in Sicily emerged.

Third selection: fields with temperature above 60°C and depth between 2000 m and 3000 m. Other
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CASE STUDY: IRMINIO FIELD

The Irminio production licence has an extent of
3976 hectares in the territories of the
Municipality of Scicli and Modica. It have a
production of oil and gas.

In 2013 a cogeneration unit was installed near
to the operating wells. Part of the produced
electricity is sold to the electrical grid provider
and the heat is partially used.

Oil treatment facility and Irminio 3,4&5 well area
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The proposed reuse/conversion strategy is based on the idea to
convert the actual fossil fuel production to a production of services
and products in a circular economy view

The present production can evolve in a concept of co-production
by using the heat associated to the produced fluid and the CHP
plant integrating it in a biogas production via an anaerobic digestor

The last step is end of fossil fuel production and the integration of
the biogas plant with a algae cultivation to produce biodiesel

Production
of biogas
y Coproduction and biofuel
. - of oil and
biogas
generation

Production of
oil and gas




f\IQ
PROPOSED PLANT - BIOGAS FROM WASTE N\%‘ «r \ We

To keep the cogeneration unit working also after the end of hydrocarbons production an Anaerobic
digestor for biogas production has been sized, in cascade with algae for biodiesel production, in which
the exhaust gas and the hot water from cogenerator are sent.
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The biomass used to feed the process will be the urban waste produced by a part of the province of

Ragusa.

The total investment cost is 2 Million of euro. The total revenue will be around 0.4 million of euro and
so we have a simple payback period of 5.11 years.
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Practically, all the CO, produced from the cogenerator will be introduced in the enclosed
pond to feed the algae. In this way we obtain a possible closed loop to feed 1800 m? of
ponds for algae cultivation.

Microalgae oil content (% dry wieght)
Botryococcus braunii 25-75
Chlorella sp. 28-32
Crypthecodinium cohnii 20
Cylindrotheca sp. 16 - 37
Nitzschia sp. 45 - 47
Dhnnnd:\nfyln atricarnutum 20.20
Schizochytrium sp. 50-77
Tetraselmis suecia 15-23

By selecting the algae Shizochytrium is possible to obtain after treatment 155.000 Litres
of biodiesel per year.

Considering that in Gela Eni is building an important plant to distillate algae, the
investment is limited only to the cultivation part. The installation cost is 306.000 €. A
simple payback period of 4,37 years.
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« The conversion of hydrocarbons fields into geothermal ones may be an
opportunity to create a positive social response in the area where the oll
and gas wells are already located.

» The use of existing wells is a benefit for the oil companies, which avoid the
cost of mining closure of the wells and for the geothermal companies, which
avoid the cost of drilling new wells.

* A major obstacle is constituted by the administrative procedures to achieve
a transfer from a hydrocarbon license to a geothermal one.

» A preliminary evaluation of the existing potential is ongoing. The applied
method suggests the suitable range of temperatures, depth, pressure and flow
rate for the technologies and uses of geothermal sector.

« The evaluation of the case study demonstrates that the reuse strategy can
be adapted to the activities of the territory, not searching a conventional
solution but driving the project towards an approach of circular economy.
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| source ® Hydrocarbon occurrences in Italy are related to

at least 5 major petroleum systems, which are
associated to both carbonate and siliciclastic
reservoir rocks ranging in age from Triassic to
Paleogene and from Oligocene to Pleistocene,
respectively, distributed in thrust belt, foredeep
basin, and foreland geological settings
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MIDDLE-TRIASSIC: VILLAFORTUNA-TRECATE FIELD
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Villafortuna and Gaggiano oil fields in the Mesozoic carbonate substratum of the Po Plain foreland
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Discovered in 1984. At the end
of 2000 produced 188 Mbo of
43° API oil and more than
2000 MSTm3 of gas
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Two reservoirs made up by
dolomitized shelf carbonates
producing from fracture
network: upper reservoir
Upper Triassic-Lower Liassic
units (5700 m deep), lower
one Anisian (6300 m deep).

Two source rock characterised
by Type Il kerogen: Besano
Shales (Anisian/Ladinian) and
Meride Limestone (Ladinian).

Seal: marly and volcanoclastic
units

Trap: thrust-related folds

Charge: main hydrocarbon
expulsion phase during the
Plio-Pleistocene burial after
the Oligocene-Messinan trap
formation



VILLAFORTUNA-TRECATE: RESERVOIRS & SOURCES

UPPER RESERVOIR

CONCHODON DOLOMITE

Subtidal to peritidal cyclic facies, coarse grained dolomite.
Multiphase deep burial dolomitization and diagenesis.
Intercrystaline, vuggy and moldic porosity and dissolution
enlarged fractures.

CAMPO DEI FIOR] FORMATION

LIMESTOMNE LUMIT - Lagoon to shoal fackes in shallowing
upward cycles. Fresh water dissolution below the sail

Meldic porosity and dissolution vugs

DOLOMITIC UNIT - Subtidal facies, coarse grained dolomite
Burial dolomitization. Intercrystalline and vuggy porosity.

DOLOMIA PRINCIPALE

Subtidal to peritidal cyslic facies, fine grained dolomite.
Early diagenetic to shallow hurial dolomitization

Vuggy porosity and dissolution enlarged fractures.
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POROSITY

Mean valus = 3.2%
Max. Values = 12%
Min. Values = 1%

PERMEAEBILITY

Mean valus = 27 mD
Max. Values = 1000 mD
Min. Values = 0.01 mD

LIMESTOMNE POROQSITY
Mean value = 3.2%

Mazx. Values = 11%

Min. Values = 0.2%
DOLOMITE POROSITY
Mean value = 3.29%

Mazx. Values = 11%

Min. Values = 0.2%

LIMESTOME FERMEABILITY
Mean value = 0.9 mD

Max, Values = 10mD

Min. Values = 0.01 mD
DOLOMITE PERMEABILITY
IMean valug =0.9mD

Max. Values = 10 mD

Min. Values = 0.01 mD

POROSITY

Mean value = 2.7%
Max. Values = 8%
Min. Values = 0.5%

FERMEABILITY
Mean value = 4.1 mD
Max. Values = 100 mD
Min. Values = 0.01 mD

SOURCE ROCKS
MERIDE LIMESTONE Kerogen type |l
Thin bedded, dark grey limestone with marly and shaly laminae. HI 500-550 mg HC/g TO.C
At the base a volcanaclastic unit, few tens of meters thick, is present, TOC 06%

BESANO SHALES

Thin bedded, dark grey laminated dolostones with intercalations of

arganic rnch black shale laminae. The dolomite is fine grained.
Chert nodules and pelagic bivalvs accumulations are present

HI Hydrogen Index
PF Petroleurn Potential
T.0.C. Total Organic Carbon

PP rmean value 3 Kg HCH rock

Kerogen type |
HI 500-550 mg HC/g TO.C.

BLACK SHALES
T.0.C. 26 %
PP 150 Kg HCH rock

FORMATION MEAN VALUES
TOC 4%
FP 21 Kg HC/t rock

LOWER RESERVOIR

MONTE SAN GIORGIO DOLOMITE

Subtidal lagoon to peritidal facies, fine to medium grained dolomite. Mean value = 3%

Shallow burial delomitization.
Vuggy porosity and fractures.

PORCSITY PERMEABILITY
Mean value = 4.1 mD
Max. Valuss = 8.5 mD

Min. Values =0.01 mD

Max. Values = 7.8%
Min. Values = 0.9%
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VILLAFORTUNA-TRECATE FIELD

TRECATE 019 X 6330 m
CASCINA CARDANA 001 DIRA 6113 m
TRECATE 005 DIR A 5807 m
TRECATE 008 6250 m
TRECATE 020 OR A 5430 m
TRECATE 027 DIRA 6078 m
VILLAFORTUNA 001 BIS

VILLAFORTUNA 011 DIRA 5670 m
TRECATE A (injection) 2502 m
TRECATE B (injection) 2061 m
TRECATE C (injection) 2030 m
TRECATE 004 DIR (monitor.) 6282 m

Redrafiod after Fantoni et AL, 2002
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Production well: 3
Injection well: 1
Flowrate: 100 m3/h

Wellhead temp. 130 °C

Thermal power 21 MW

2 LGalliate '

Heat exchanger section
130 °C

60°C

70 °C

90 °C

1 -

| Galliate (15700 ab.) |

Specific thermal power | 20 W/m3
Heated volume 1.046.500 m3
Equivalent inhabitants | 10.465
Population covered 67%

Specific yearly heat demand

40 kWh/m3

Annual energy demand

41,8 MWh

Avoided emissions

8.400 t CO2eq
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VILLAFORTUNA-TRECATE DISTRICT HEATING ffﬁ. (r \A G

Production well: 2

Injection well: 1 e
Flowrate: 100 m3/h e 8 \C ' &
Wellhead temp. 130°C et Rome mn%

Thermal power 14 Mw  Romentino (5600 ab.)

Specific thermal power | 20 W/m3

Amr‘o

\ »¢Area d| Vlc Nova" * Cpo|o

Heated volume 700.000 m3 b\ | e oy \® St By
Equivalent inhabitants | 6.900 »

T : : , e
Population covered 125% Wi T Gy, ke e L), ‘Cascina RozzaEtio

Heat exchanger section
130 °C

Specific yearly heat demand | 40 kWh/m3

Annual energy demand 27,9 MWh

60°C 90 °C

Avoided emissions 5.580 t CO2eq

70 °C




GAGGIANO FIELD
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GAGGIANO DISTRICT HEATING ﬁ <ﬂ " ;:rj

Production well: 2 —~ —
Injection well: 1 Tainate (60 ab.)
Flowrate: 50 m3/h 0,6 km fro oC

Wellhead temp. 125 °C

Thermal power 6,4 MW

Specific thermal power | 20 W/m3

Heated volume 320.000 m3

Equivalent inhabitants | 3.200

Population covered 123%
Heat exchanger section Noviglio (1751 ab.) Mainate (795 ab.)
125 °C 1,5 km from OC 2 km from OC
60°C 90 °C Specific yearly heat demand | 40 kWh/m3
Annual energy demand 12,8 MWh
70 °C Avoided emissions 2.560 t CO2eq
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CONCLUSIONS & PERSPECTIVES ,@5’ @

The conversion of hydrocarbons fields into geothermal ones may be an opportunity to
create a positive social response in the area where the oil and gas wells are already
located.

The use of existing wells is a benefit for the oil companies, which avoid the cost of mining

closure of the wells and for the geothermal companies, which avoid the cost of drilling
new wells.

A major obstacle is constituted by the administrative procedures to achieve a transfer
from a hydrocarbon license to a geothermal one.

A preliminary evaluation of the existing potential is on going. The applied method
suggests the suitable range of temperatures, depth, pressure and flow rate for the
technologies and uses of geothermal sector.

Therefore, starting from the temperature maps of Italy and the available data of the wells,
a second life for the existing wells will be identified.



