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and

are terms for the observed century-scale rise in the

average temperature of the Earth's climate system and its related effects.

This process consists of the global
warming due to the emission of gas
(CO,, water steam, methane...) in the
atmosphere. Greenhouse gases allow
sunlight to pass through the
atmosphere while obstructing the
passage to the space of the infrared
radiation from the Earth's surface and
lower atmosphere (the heat re-
issued); in practice they behave like
the glass of a greenhouse and help to
regulate and maintain the
temperature of the earth with today.

GREENHOUSE GASES

The Greenhouse effect
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This is a natural process and allows that the temperature of the Earth
be 33°C higher than what it would be without the presence of the
gases.


https://en.wikipedia.org/wiki/Climate
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CO, exchange between Earth and Atmosphere
(Billiontons/years of Carbon)

Total amount of emitted CO, : 30 billion tons /year or 8.1 billiontons/years of carbon

Net Earth-to-atmosphere carbon fluxes in 1997 (in billions of tons per year)

(4200) Carbon stock

Man-induced
/ flux 20% of total

mission
/—| Natural . SSO >
flux
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80% of total
emissions
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Sedimentary rock (50,000)
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World emissions of CO, from the usage of fossil fuels:

6.5 Gt C/y (0 24 Gt CO,/a)
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Presentation Notes
Global CO2 emissions link to man’s activities amount to 30 billion tons (GT) per year, corresponding to 8,1 Gt of carbon: 6,5 GT (80%) are derived from burning fossil fules while 1.6 Gt (20%) are the result of deforestation and agricultural practises. These man-induced emissions are only partially adsorbed by CO2 sinks: 2.5 Gt by the oceans and 2 Gt by vegetation and soils. So, each year, 3.5 Gt of carbon end up accumulating in the atmshpere and upsetting the climate.
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Ice cores from Antarctica have allowed to reconstruct the
temperature trend and the CO, concentration in the atmosphere
for the the last 400.000




_ UNIVERSITA [¥EC

L1 STUDT DI TRIESTE

+ Dipartimento di Matematica e Geoscienze

Geologia Marina 2018/2019

Concentrazione della COz (ppm)
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CO, in the atmosphere over the last 400,000 years (drilling of ice in

Antarctica)
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CO,concentration in the

atmosphere is increased by circa
~40%0 from 1750 (Rivoluzione

Industriale;

IPCC, 2014)
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CO, GEOLOGICAL STORAGE
CARBON CAPTURE AND STORAGE

.. one of the options to reduce the global CO, emissions by 2050

Three main phases:
1. Capture
2. Transport

3. Storage
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MAIN CO, EMITTORS

The main sources of CO, emissions consist of the BIG STATIONARY SOURCES:

(d FOSSIL FUEL POWER PLANTS

(J INDUSTRIAL INSTALLATIONS FOR THE PRODUCTION OF IRON, STEEL,
CEMENT

d CHEMICALS REFINERIES
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CAPTURE PROCESSES

» PRE- COMBUSTION: the fuel (coal, gas)
is first treated by transforming it into

COMBUSTIONE E PRODUZIONE
ENERGIA ELETTRICA

- > e o syngas (gas di sintesi) and subsequently
| - separating it in two gas flows: one with a
a—f — dll%l% - -
— - smas ﬂ p— E high concentration of hydrogen for the

GA SSIFICAZIONE

combustion (or other uses) and CO?2.

CATTURA POST-COMBUSTIONE E warn

semnons cop 7 Smson” ot oy »POST- COMBUSTION: separation of CO,
from flue gases at the end of the cycle; it

e % —> m E it S does not need substantial modification

COMBUSTIONE

OXY-FUELLED o to the power plant.
OSSIGENO (. COMBUSTIONE 5-1 soqun »OXYGEN COMBUSTION: it is a very
A =— comapare b studied technology for the coal, which is
camone Ml => . PRODUZIONE ENERGIA ELETTRICA placed in the boiler in powdered form,

not burned with air but with oxygen (or
very enriched air). In this way the
amount of produced CO2 in the flue
gases is higher and easier to capture.
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TRANSPORT OF CO,

La CO, can be transported, both onland and offshore, in three phases:

GAS LIQUID SOLID
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STORAGE OPTIONS

COginjection  Methane production
CO; storage in coal seams

€03 stora with enhanced
‘ 1 in azn quhe% with coal-bed methane
oo X
!'i G

Oil production

CO; injection CO; injection

enhanced recovery

£ ARCMAmBes

Existing Reservoir

Saline aquifers
Oil and gas filed depleted

Coal seams
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CRITERIA FOR IDENTIFICATION
OF SUITABLE SITES FOR CO, STORAGE

Depth : between 800 (to allow the CO, supercritical stage) and 2000-3000 m
Characteristics of the reservoir: good porosity e permeability

Caprock: presence of a sealing geological formation

Distance: within a radius of 200 km from the source of emission of CO,

Heat flow: the heat flow does not have to be high, in order not to alter the
conditions of stability of CO,

Tectonic setting/seismicity: the area must be stable to ensure the structural
conditions for storage
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CO, STORAGE

For the purposes of CO, storage, the rock that serves as a reservoir must meet the
following requirements :

& they must be at a DEPTH between 800 (so that the CO, remains in conditions of
supercritical state) and 1500 m;

@& they must have a certain porosity and permeability;

o ¢

Porosita .6 Grani
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CO, PHASE: “supercritical state”
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e T>31.1°C
e P>73.9 bar
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..C0O, in supercritical state is liquid or gas?

ANSWER:
e density similar to liquid
e viscosity similar to gas I
8
"
T=100°C, density Viscosity
P=280bar (kg/m3) (cP)
(2800m)
CO, 615 0.05 3
supercritic g
water 804 0.16 i
gas (methan) 150 0.02 R
: below this depth
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The CO, at supercritical conditions
tends to rise ...

ESSENTIAL PRESENCE OF SEALING
ROCK FORMATIONS (CAPROCK)
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STRUCTURAL TRAPS

Faults and
unconformities

Anticline
Folding and
anticlines

Anticline

Fault consists of
different material



UNIV I-'KHI_E'-.\ DEGLI STUTM IMTRIESTE ) ) “f
Dipartimento di Matematica e Geoscienze Geologia Marina 2018/2019 @

Trapping mechanisms

o ¢ ‘e eStructural trapping: the CO, is lighter than the salt
structural ¢

stratigraphic water present in the interstices of the rock and it
trapping .
tends to rise upward and trapped by the
impermeable rocks (caprock)

eHydrodynamic trapping, where CO, is injected into
supercritical conditions at depths> 800 m and it
moves the present salt water

fréasing Storage Security

i:’;;g::g’ | eDissolution trapping: once injected CO, starts to
dissolve in salt water. The water now becomes
1PCC. 2005 heavier and tends to drop. This mechanisms put in
1 10 100 1,000 10,000 contact water with dissolved CO2 with fresh water,
Time since injection stops (years) promoting additional dissolution. After 10 years:
15% of injected CO, is dissolved; after 10.000 years
95% of CO, is dissolved.

% Trapping contribution

eMineral trapping where CO, reacts with some
minerals in the aquifer to form crystalline carbonates
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KEY DATA FOR THE CHARACTERIZATION OF A RESERVOIR-CAPROCK SYSTEM

Wellbore data
Long
o H// Mudooke
- Logs (Sonic, Gamma Ray) \
- Porosity e permeability of reservoir e caprock rock mnu ~_ Fomation
formations Defector .
- Temperature and pressure at reservoir depth Somce | § —
=
Multichannel seismic data

) Image of a logging tool in a hole
2D - regional scale

3D - site scale
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CHARACTERIZATION RESERVOIR-CAPROCK: WELL DATA analysis
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Main characteristics of a potential site for CO, storage

e Capacity, to contain the amount of CO, to be stored; key
parameter: porosity

* Injectivity, to inject the CO, a certain rate of injection; key
parameter: permeability of reservoir

e Containment, to avoid CO, leakage; key parameter:
permeability of caprock
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CCS Project
Main steps

1. ldentification of the potential storage site
2. Modelling of CO, injection
3. Monitoring (pre-, during and post-injection)

4. Risk evaluation and remediation plan
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Data analysis

Seismostratigraphic and structural interpretation

Geophysical log analysis
of multichannel seismic profiles
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Geological modeling

Example of 3D geological model

==
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Aurora observation point Geological modeling

Seafloor

Ricc Mare 9

Giulia Rigc Mare 6 gerenadSerenaiid
L
mo Base ’
Sante T orto Garibaldi Top:

S;d Bank base

- Porto GaribaldiBase Examp|e of 3D geological
iocene _DF_ = =
b model

Wiocene Top
\1!0‘“5‘ :

'm\“‘na- . e
; Extarnal Thrust

Base of the Model

TWT (s)

\
2 External Thrust

Internal Thrust
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Time: 10950 days Time: 10950 days

Pressure increase (>Sbar)
from static conditions

Free CO, saturation
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Abruzzi 1°N  Abruzzi mare
Abruzzi 2. “Abruzzi 3
Molise 1 Molise 2

Bradanica

Calabria‘ionic]

Sicilia:1

10°E ' 14°E 18°E

Potential areas suitable for CO,
geological storage in siliciclastic
formations

PRELIMINARY ESTIMATES OF THE
STORAGE CAPACITY: ~ 12 Gt

Storage of Italy’s annual CO,
emissions for the next 50
years

Donda et al., 2011


http://www.geology.cz/geocapacity
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Southern Adriatic %

Civile et al., 2013
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Example of a potential area suitable for CO, geological storage
in a carbonate formation

LR N RN ]
't
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S33W

Marly Limestones

Varisican basement and

Pliecene-Cuaternary

Varisican basamant and Parmian volcanic complex Parmian volcanic complex |
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S
6.0+ TETYTE
e cc -
5 km Packstone-Grainstone aC I a re a—
== upper Eocene-Messinian siliciclastic succession =] B - 79
c k Cretaceous-middle Eocene pelagic carbonate succession Dolostones I n aS C 0
aproc
P | Jurassic pelagic carbonate succession ]
-. Evaporites
Reservoir I Tithonian-Barremian pelagic succession (Maiolica Fm) Massinlan =
I upper Triassic platform carbonate succession =
upper Eocene-Tortonian | §
— e = = Tortonian unconformity Fault %
________________ " . (&
Top o e succession i Aptlan-middle Eccane |
MECS: Mesozoic-middle Eocene carbonate succession
Tithonian-Barremian
[Maiolica Fr) Reservoir
upper Lias-Malm
" g =
& 3 8 &
o ‘ Lachiarells 2 o a &
& borehole 3 o a
o ~ 500m E i
H
: _ Civile et al., 2013
B: Binasco subzone upper Triassic Reservoir, ’

L: Lachiarella subzone

5104 m
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CHARACTERISTICS OF THE SOUTHERN ADRIATIC SITE OPTIONS

Storage options

» Saline aquifer/structural
trap

Location
» Off shore
Lithology

> Carbonate reservoir
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STORAGE SITE IN THE SOUTH ADRIATIC OFFSHORE

Grazia 1 Rovesti 1 Grifone 1
.
0 -
1000 —
2000 | e
E
c 3000t I
a ' i 237
i
o
4000 -
| Turhidite sifcidastic deposits (Pliscens-Cuaternary] [l Cotonass siape suocession (Lower JumssicLowsr Cretncecus)
[==| Temigenous and carbonate clastics deposits B Coonate platform sucoession {Lower Jurssic-Eooene)
- I:smwi ;E-HMTLLE C =Fai } | Evnpovites and dofostones (Trinssic-Lowsrmost Jurnssic) }A[mh s
eeemswss Top Minoene Grgzia
= {mm mm:. ----------- Ixmm X
Narie Storage type Area Bulk Porosity
E+6 (M®)  Volume (Seaglia)
o E+G (MG)
Rovesti  Oil and Gas 1.7 195 13-15% [ —
reservoir
Grifone  Saline aquifer 1.0 191 10 - 20%
Grazia Saline aquifer 1.3 241 2 -13%

Volpi et al., 2014. Southern Adriatic Sea as a potential area for CO2 geological storage. Oil and Gas Science and Technology,
IFP Energies nouvelles; DOI: 10.2516/0gst/2014039
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GRAZIA STRUCTURE
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ROVESTI STRUCTURE

Top Scagia: depth (m]
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Monitoring of the selected sites

Monitoring is required in order to see whether:
e stored CO, behaves as expected
e migration or leakage occurs

e identified leakage damages environment or
human health



"F,  UNIVERSITA DEGLI STUDI DITRIESTE

- Dipartimento di Matematica e Geoscienze Geologia Marina 2018/2019

B o

e —
oL N




Geologia Marina 2018/2019

UNIVERSITA DEGLI STUDI DITRIESTE

: Dipartimento di Matematica e Geoscienze

TWT jrs)

08 g

TWT (s
rr T

CO, storage

Courtesy Statoil/CO2STORE project
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Pioneer commercial CCS projects

Sleipner, deep saline aquifer, Norway = Weyburn, oil reservoir-EOR Canada
1 Mt CO,/y since 1996 1 Mt CO,/y since 2000

In-Salah, gas reservoir, Algeria Snohvit, deep saline aquifer, Norway,
3.8 Mt CO, injected from 2004 to 2011 3 Mt CO, injected since 2008
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B GLOBAL ENERGY-RELATED CO,

| | | | | | ‘ EMISSIONS

2000 2001 2002 2003 2004 2005 2006 2007 2008 2005 2010 2011 2012 2013 2014 2015 2016 2017

[N]
[=]

Global energy-related CO, emissions
grew by 1.4% in 2017, reaching a
historic high of 32.5 Gtonnes, a
resumption of growth after three years
of global emissions remaining flat.

Gt CO2

—
(=]

@ CO2 Emissions Yearly Increase 2000-2016 @ Increase 2016-2017

(IEA’s first Global Energy and CO2 Status Report — March 208)

=1
o Reference scenarlo — current ambition
9 CCS IS CRITICAL to achieve the limit
Q .
= <! average global warming to well below
=
5 20 2°C above pre-industrial
E times, with the aspiration of limiting
10 I
s warming to 1.5°C (Paris Agreement,
. December 2015)
2015 2020 2030 2040 2050 2060
Source: Intermational Energy Agency, mmmm  Efficiency 40%
“Energy Technelogy Perspectives 20077,  wwes Renewobles 35%
Paris: OECD/IEA, 2017 — CCS 14%
s Muclear 6%

Fuel switching 5%
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Large-scale CCS projects in operation

Project name

Val Verde Natural Gas Plants
Enid Fertilizer CO2-EOR Project
Shute Creek Gas Processing Facility

Sleipner CO2 Storage Project

Graat Plains Synfuel Plant and Weyburn-
Midale Project

Snehvit CO2 Storage Project

Century Plant
Ajr Products Steam Methane Reformer
ECR Project

Coffeyville Gasification Plant
Lost Cabin Gas Plant

Petrobras Santos Basin Pre-Salt Oil Field
CCS Project

Boundary Dam Carbon Capture and
Storage Project

Quest

Uthmaniyah CO2-ECR Demonstration
Project

Abu Dhabi CCS Project (Phase 1 being
Emirates Steel Industries (ESI) CCS
Project)

Location

United
States

United
States

United
States

MNorway

Canada

Morway

United
States

United
States

United
States

United
States

Brazil
[

Canada

Canada

Saudi
Arabia

United
Arab
Emirates

Operation

date

1972

1982

1986

1996

2000

2008

2010

2013

2013

2013

2013

2014

2015

2015

20186

Industry

Matural Gas
Processing

Fertiliser
Production

Matural Gas
Processing

Matural Gas
Processing

Synthetic
Matural Gas

Matural Gas
Processing

Matural Gas
Processing

Hydrogen
Production

Fertiliser
Production

Natural Gas
Processing

Matural Gas
Processing

Power
Generation

Hydrogen
Production

Matural Gas
Processing

Iron and
Steel
Production

Capture type

Pre-combustion capture
(n atu?l] gas processing)

Industrial Separation
Pre-combustion capture
(natural gas processing)
Pre-combustion capture
(natural gas processing)
Pre-combustion capture
(gasification )
Pre-combustion capture
(natural gas processing)
Pre-combustion capture
(natural gas processing)

Industrial Separation
Industrial Separation
Pre-combustion capture
(natural gas processing)
Pre-combustion capture
(natural gas processing)

Post-combustion capture

ndustrial Beparation

Pre-combustion capture
(natural gas processing)

Industrial Separation

Capture
capacity
(Mtpa) Transport type
1.3 Pipeline
0.7 Pipeline
7.0 Pipeline
0.9 Mo transport
required (direct
injection)
3.0 Pipeline
0.7 Pipeline
5.4 Pipeline
. 8
110 Pipeline
1.0 Pipeline
0.9 Pipeline
1.0 Mo transport
required (direct
injection)
1.0 Pipeline
1.0 Pipeline
0.8 Pipeline
0.8 Pipeline

Primary
storage type

Enhanced oil
recovery

Enhanced oil
recovery

Enhanced oil
recovery

Dedicated
Geological
Storage

Enhanced oil
recovery

Dedicated

| Geological

Storage

Enhanced oil
recovery

Enhanced oil
recovery

Enhanced oil

recovery

Enhanced oil
recovery
Enhaneed oil
recovery

Enhanced oil
recovery

Dedicated
Geological
Storage

Enhanced oil
recovery

Enhanced oil
recovery
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