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CCS - PANORAMA GLOBAL - RELEVANCIA PARA O “NET ZERO’

CCS E IMPRESCINDIVEL PARA O “NET ZERO"

| O Projegdes do IPCC, IEA e IRENA

mostram que para atingir “Net Zero"

emissions até 2050 serd necessario

adotar mecanismos para remogao de

CO2 da atmosfera.
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Figure 2.1 Global energy sector CO, emissions reductions by measure in the Sustainable
Development Scenario relative to the Stated Policies Scenario, 2019-70
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IEA 2020. All rights reserved
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...the IEA has identified that
reaching net-zero emissions
will be virtually impossible
without CCUS.
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FIGURE 2 CO: CAPTURE CAPACITY IN 2020 AND 2050 BY FUEL AND
SECTOR IN THE IEA SUSTAINABLE DEVELOPMENT SCENARIOY

Includes C0s captured for use (369 Mipa) and storage (5,266 Mepa) in 2030




CCS - PANORAMA GLOBAL - CAPACIDADE ATUAL POR FONT

Figure 1.2 Global CO; capture capacity at large-scale facilities by source
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Source: IEA analysis based on GCCSI (2020), Facilities Database, https://co2re.co/FacilityData.




CCS - PANORAMA GLOBAL - PROJETOS CCS EM OPERACAO

40 milhoes de toneladas de CO2 injetadas por ano
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0 Aindustria do petréleo injeta CO2 para recuperagdo de
petréleo e gas ha mais de 40 anos, 0 maior operador é a
Occidental, que injeta 47 Mtpa; "
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CCS - PANORAMA GLOBAL - PROJ. GRANDE ESCALA EM OPERACAQO

Table1.1 Large-scale commercial CCUS projects in operation in 2020

Project

Operation

date

Source of
CO:2

CO; capture
capacity

Primary

storage type

United States  Terrell natural gas

(Us) plants (formerly
Val Verde)

us Enid fertiliser

us Shute Creek gas
processing facility

Norway Sleipner CO-
storage project

US/Canada Great Plains

Synfuels

(Weyburn/Midale)

1972

1982

1986

2000

Natural gas
processing

Fertiliser
production

Natural gas
processing
Natural gas
processing
Synthetic
natural gas

(Mt/year)

05

0.7

7.0

3.0

EOR

EOR

EOR

Dedicated

EOR




CCS - PANORAMA GLOBAL - PROJ. GRANDE ESCALA EM OPERACAO

Project Operation Source of CO: capture Primary
date CO: capacity storage type
(Mt/year)
Norway Snohvit CO- 2008 Natural gas i 74 Dedicated

storage project processing

us Century plant 2010 Natural gas 8.4 ECR
processing

us Air Products 2013 Hydrogen 1.0 EOR
steam methane production

reformer

us Lost Cabin Gas 2013 Natural gas 0.9 EOR
Plant processing

us Coffeyville 2013 Fertiliser 1.0 EOR
Gasification production

Brazil Petrobras Santos 2013 Natural gas 3.0 EOR
Basin pre-salt processing

oilfield CCs

Canada Boundary Dam 2014 Power 1.0 EOR

CCs generation
(coal)
Saudi Arabia Uthmaniyah CO-- 2015 Natural gas 0.8 EOR R R

EOR processing

demonstration




CCS - PANORAMA GLOBAL - PROJ. GRANDE ESCALA EM OPERACAO

Project Operation Source of CO:z capture Primary
date CO:2 capacity storage type
(Mt/year)
Canada Quest 2015 Hydrogen 1.0 Dedicated
production
United Arab Abu Dhabi CCS 2016 Iron and steel 0.8 EOR
Emirates production
us Petra Nova 2017 Power 1.4 EOR
generation
(coal)
us lllinois Industrial 2017 Ethanol 1.0 Dedicated
production
China Jilin oilfield CO-- 2018 Natural gas 0.6 EOR
EOR processing
Australia Gorgon Carbon 2019 Natural gas 3.4-4.0 Dedicated
Dioxide Injection processing
Canada Alberta Carbon 2020 Fertiliser 0.3-0.6 EOR
Trunk Line (ACTL) production
with Agrium CO:z
stream
Canada ACTL with North 2020 Hydrogen 1.2-1.4 EOR
West Sturgeon production R R
Refinery CO: g

stream




CCS - PANORAMA GLOBAL - HUBS SAO UMA TENDENCIA

Hubs ou clusters em operacao e desenvolvimento

STORAGE TYPE mms?r’s‘ﬂ?:x - 3 CARBONSAFE NETZERO
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SELECAO DE AREAS E ESTUDOS - REFERENCIAS UTEI
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SELECAO DE AREAS E ESTUDOS - COMPORTAMENTO DO CO2
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Figure 12: CO, density and state changes with depth. R @ R

Source: CO2CRC.




SELECAO DE AREAS E ESTUDOS - TIPOS DE INJECAO DE CO2

Campos de petréleo/gas depletados
EOR
Aquiferos salinos

Como
funciona o
CCS?

Figure 11: CO, geological storage options.
Source: CEPAC. R R




SELECAO DE AREAS E ESTUDOS - QUAIS AREAS SAO FAVORAVEIS

Bacias sedimentares do Brasil

Figure 56: Prospectivity mapping for CCS Ketzer et al (2014)




SELECAO DE AREAS E ESTUDOS - PRE-REQUISITO

Pré-requisitos para desenvolvimento de um Projeto CCS

v' |dentificacdo de areas favoraveis e validacdo da capacidade de estocagem
v’ Caracterizac3o da area escolhida para injecdo
v Plano de Gestdo da Estocagem

Integridade dos pocos
Pressdao do reservatdrio
Integridade do rocha selante
Plano de monitoramento
Plano de mitigacao

YV VVY




{ powential
\ Sub-Regions ;|  Basin

. ¢
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. L

Selected
Areas

~—, Potential !
' Sub-Regions

! Potential |
', Sub-Regions /

Site Screening

NETL (2017)

Site Selection

SELECAO DE AREAS E ESTUDOS - FLUXO DE ATIVIDADE

Potentlal Qualified
Sites

Site Ready for

Characterization Permitting




SELECAO DE AREAS E ESTUDOS - SELECAO DE AREA

EVALUATE NEXT POTENTIAL 1,
SUB-REGION J )
=
Does analysis of
SUBSURFACE DATA ANALYSIS regional geological
. "I data yield acceptable
storage areas?
Moo
=
= g Does regional
= YECION AT PROYIMITY ANAIYSIC proximity analysis
(%Q ) , REGIONAL PROXIMITY ANALYSIS ‘ yiekd atkachvo
- o | | | | |, | storage areas?
Iy é L Reglonal 3 Protected and Population Existing Resource Pipeline ‘ - 5
r 4 Site Data J Sensitive Areas Centers Development ROWS ‘
zZ< \ J YEs
w
22z Does social
g 5 context analysis
wa SOCIAL CONTEXT ANALYSIS indicate a receptive
@ .| community?
4)[ Soclal Data Demographic Trends | Land Use N ——————————
k. ) YES
)
PROJECT DEFINITION/ SELECTED AREAS PROCEED TO SITE
MANAGEMENT (RANKED) SELECTION

NETL (2017) :




SELECAO DE AREAS E ESTUDOS - CRITERIOS RELEVANTE

REGIONAL GEOLOGICAL DATA

Subsurface
Data Analysis

Storage Formations

Adequate Depth

Confining Zone

Prospective Storage
Resources

Identify potential storage formations using sub-regional or basin-scale geological and
geophysical data. Candidate formations should have geologic characteristics—including
porosity, permeability, thickness, salinity, and pore pressure—that make them suitable for
storage.

For Potential Sub-Regions, assess minimum depth of injection for achieving adequate
protection of USDWSs, and evaluate depths at which injected COz will be in a supercritical
state for improved storage efficiency.

Identify confining zones in Potential Sub-Regions that will be effective for limiting vertical
flow of injected CO= out of the storage formation.

Candidate storage formations should contain sufficient Prospective Storage Resources
beneath a robust confining zone. Prospective Storage Resources for Potential Sub-Regions
should be estimated utilizing existing data, including NATCARB and state geological survey
data.

NETL (2017)




SELECAO DE AREAS E ESTUDOS - DADOS PRE-EXISTENTE

Data Collected for Characterization

Data Types Kinds of information

Logs, core images, test data,
wellgata | comple data, physical samples

Seismic data | 3-D, VSP, Crosswell,

Geocellular models, simulations,
sample data, GIS data

Abstracts, presentations,
publications, technical papers

Photos and lllustrations

Fleld data

Publications

Images

Figure A: Physical core, core analysis data, log data, 2D and 3D seismic
data, VSP data, and reservoir simulations are just some examples of the
data that must be both archived and made accessible to project partners. R R




SELECAO DE AREAS E ESTUDOS - DADOS PRE-EXISTENTE

5426 Time(ms)

Camada de
rocha selante
em verde




SELECAO DE AREAS E ESTUDOS - DADOS PRE-EXISTENTE

CORE SAMPLE

Cap rock

Provided by the Giobal CCS Institute




SELECAO DE AREAS E ESTUDOS - AQUISICAO DE NOVOS DADO

Sismica

N _:"Ondas Mecanicas
J /




SELECAO DE AREAS E ESTUDOS - MECANISMOS DE TRAPEAMENTO

Structural (hydro stratigraphic) trapping
Physical trapping
< 100 years Residual (capillary) trapping

Sorption trapping

CO, trapping {

mechanisms Slow diffusion in aqueous phase

Solubility trapping

\ , ) Convective processes
Geochemical trapping

Mineral trapping Reaction with minerals

Fonte: Ajayi et all (2019)




Trapa fisica estrutural

Buoyant CO; plume trapped by the seal (cap rock)

Porous media
(aquifer)

CO; makes its way to the I
top of the aquifer

Buoyant CO; plume
trapped by sealing fault

Sealing fault

Fonte: Ajayi et all (2019)

SELECAO DE AREAS E ESTUDOS - MECANISMOS DE TRAPEAMENTO

Trapa fisica residual

CO, gets trapped in

the pore throats of the
porous media, as it makes
its way to the cap rock




SELECAO DE AREAS E ESTUDOS - MECANISMOS DE TRAPEAMENTO

Trapa geoquimica

Fonte: Ajayi et all (2019) R 1@ R




SELECAO DE AREAS E ESTUDOS - MODELAGEM DOS RESERVATORIO

Modelagem dos reservatoérios

Basic equations
Darcy law
Conservation of mass
Conservation of energy

Numerical techniques

simultaneous/sequential
coupling

used to couple equations

Modelling of geochemical
reactions
Adsorption
Mineral dissolution/precipitation
CO, dissolution in brine

Modelling of geochemical
effects

Cap rock integrity
Stress relation

Complex processes
Dual porosity/dual
permeability
Residual gas trapping
EOS modelling

Fonte: Ajayi et all (2019)




SELECAO DE AREAS E ESTUDOS - CLASSIFICACAO DOS RECURSO

Geologic Storage ) Project
Formation Resources Injection/Cash Flow

Property
(ownership/contract terms)

Fig. 1.2 — Resources Evaluation Data Sources

Fonte: SPE(2017) R @ R




SELECAO DE AREAS E ESTUDOS - CLASSIFICACAO DOS RECURSO

STORED STORED Project Maturity Sub-classes
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Fig. 2.1 — Subclasses based on Project Maturity
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Fonte: SPE(2017) o




SELECAO DE AREAS E ESTUDOS -

CLASSIFICACAO DOS RECURSO

Petroleum Industry CO, Geological Storage
Reserves Storage Capacity
On Production Active Injection
Approved for Development Approved for Development
Justifled for Development Justified for Development
Contingent Resources Contingent Storage Resources
Development Pending Development Pending
Development Development
Unclarifled or On Hold Unclarified or On Hold
Development Not Viable Development Not Viable
Prospective Resources Prospective Storage Resources
Prospect Qualified Site(s)
Lead Selected Areas
Play Potential Sub-Reglons
Prospective Storage Resources
Project Sub-Class Evaluation Process
Qualifled Site(s) Slte Characterization
Selected Areas Site Selection
Potential Sub-Reglons Slte Screening

NETL (2017)




SELECAO DE AREAS E ESTUDOS - MONITORAMENTO

Conceptual Framework

Near Surface

Ground

Soil and Vadose Zone Water

Geochemical
Sampling

Aerial Imagery

PIT
Monitoring

Environmental Monitoring (MVA)

Deep
Subsurface

Injection
Zone

Geophysical Geophysical
Surveys Surveys
Seismic Geochemical

Monitoring sampling
P Monitoring PIT Monitoring




SELECAO DE AREAS E ESTUDOS - MONITORAMENTO @
R R

ILINE_NO 30 60 90 120 150 180 30 60 50 120 150 180 30 60 S0 120 150 180 30 60 90 120 150 180 30 &0 90 120 150 180 30 60 90 120 150 180
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Fonte:https://co2crc.com.au/




SELECAO DE AREAS E ESTUDOS - MONITORAMENTO

Exemplo esquematico do Projeto de Estocagem

o
| | €Oy INJECTHOMN WELL ,"':‘.":;L'rf"':'“'”“' § SHALLOW MOMITORING WELL

o
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ER EELATF .'._1|-.:.__._ ' R ' - ae “JF |

SEODTADARY SEME

CAPROCHCK fSEAL



CCS - PANORAMA GLOBAL
SELECAO DE AREAS E ESTUDOS ASSOCIADOS

EXEMPLO - PROJETO ADM

L)



EXEMPLO - PROJETO ADM - DECATUR (ILLINOIS - EUA)

Site Selection
Regional Carbon Sequestration Partnerships

ICCS project site selection benefitted from the information developed through
the Regional Carbon Sequestration Partnership Program.

dLLINOIS
w8 1o gn—m

Cartuns & Sromce .CarbonSAFE:
>50 MT
@ ®cs 355
O MT

®iBDP: 1 MT

@ciicioy | i

« Engage regional, state, and local governments
« Determine regional sequestration benefits
+ Baseline region for sources and sinks

understanding s
« Establish monitoring and verification protocols —oi A
« Address regulatory, environmental, and outreach issues
+ Validate sequestration technology and infrastructure /]
= R R
O




EXEMPLO - PROJETO ADM - DECATUR (ILLINOIS - EUA)

lllinois Basin Decatur Project (IBDP)

Project Overview

DOE - Regional Carbon Storage fgionmi Guwon Stvags Pwinesite I e
Partnerships (Phase 3) i E =

Program Obijective

Large scale geologic test to inject 1.0 million
tons of CO, over a three year period (1,000
MT/day).

Project Team Members
) | Fbere IN=TL
ADM !

Schedule of Activities
- Engineering Q12008 - Q1 2012

= Permitting Q12008 - Q12013
- Construction Q2 2009 - Q3 2011
- Operation Q42011 - Q4 2014
= Monitoring Q12015 -Q4 2016

Knowledge Base
- Site Geological Characterization

- Risk Assessment & Reservoir Modeling
- Engineering Design & MVA
Breaking ground for anthropogenic CO,

storage in a saline reservoir using cutting-
edge sequestration technology




EXEMPLO — PROJETO ADM - DECATUR (ILLINOIS - EUA)

Site Selection
Regional Geologic Characterization

« Cratonic basin + ADM Decatur facility is located
- 60,000 square mile area near the center of this geologic ol
formation | o
+ Structurally complex to the . . | |
south with faulting and + Estimated CO, storage capacity n B
seismicity between 27 to 109 billion metric
tons !

S
g
5




EXEMPLO - PROJETO ADM - DECATUR (ILLINOIS - EUA)

Site Characterization
Evaluation of the Decatur Site

The ADM site has

excellent features for =g : _ - : ‘
CO, storage Top: Eau Claire Top: Higher

High purity source of Top: Mt. Simon '\ \I?vci,trhoi?\'tti:(::l‘t?
0,2 : : ) Simon o

Thick permeable ,

formation for storage.

Porosity <20% and

permeability 26 mD

Formation depth

Thick seal with no
resolvable faulting

Additional seal
formations

No local penetrations
of the primary seal
formation

Low population
density

_—

' produced with Petrel

ADM




EXEMPLO — PROJETO ADM - DECATUR (ILLINOIS - EUA)

Engineering Design & Construction
Major Capital Elements

* Collection, Compression,
and Dehydration Facility

* CO, Transmission
System

* 100 MW Electrical
Substation

» Electrical Distribution
System

* Sequestration Site and
Monitoring Facility

* National Sequestration
Education Center (NSEC)




EXEMPLO — PROJETO ADM - DECATUR (ILLINOIS - EUA)

Modeling Workflow

Literature Review Structural Model | Facies Model |
Digitize

Data i i
H I

| F\ - : ‘ =t
e ' .

Petrophysical Modeling with
AGD to Determine P10, P50,

T
s - v

Static Geocellular

Models and P90 Cases

o Clip Model to —

E VEflfectiveBPon: i:

- olume, Base -

o -

Permeability
Cutoffs
R R

Source: US DoE (2015)




EXEMPLO — PROJETO ADM - DECATUR (ILLINOIS - EUA)

Simulation Workflow

Boundary Condition
Testing

COMPUTER
MODELLING

safooraal 3 NITL shau et UGGC pdt

&‘ © | 2027 121 ruars of inmsson . S :
J j == | E—
3 R -
W T IpTep T -
| Storage Efficiency Comparisons Dynamic Storage Efficiency Operational Storage Capacity R '@ R
and Analysis Estimates Enhancement
O

'Source:US-DoE-(2015)




EXEMPLO — PROJETO ADM - DECATUR (ILLINOIS - EUA)

March 2012 (Year 0.3)

CO2 PLUME X-SECTION VIEW

m&&&

S IS NN SO ——————
Floens) ax o 5030 800 oy weoc a0t o0
¢ o MM A AR

Source: ADM (2012



EXEMPLO — PROJETO ADM - DECATUR (ILLINOIS - EUA)
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Source: ADM (2012

January 2013 (Year 1.0)

CO2 PLUME X-SECTION VIEW




EXEMPLO — PROJETO ADM - DECATUR (ILLINOIS - EUA)

January 2014 (Year 2.0)
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EXEMPLO — PROJETO ADM - DECATUR (ILLINOIS - EUA)

January 2015 (Year 3.0)
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EXEMPLO — PROJETO ADM - DECATUR (ILLINOIS - EUA)

January 2017 (Year 5.0)

CO2 PLUME X-SECTION VIEW

|
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Source: ADM (2012



EXEMPLO — PROJETO ADM - DECATUR (ILLINOIS - EUA)

January 2019 (Year 7.0)
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Source: ADM (2012



EXEMPLO — PROJETO ADM - DECATUR (ILLINOIS - EUA)

January 2020 (Year 8.0)
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EXEMPLO — PROJETO ADM - DECATUR (ILLINOIS - EUA)

January 2025 (Year 13.0)

[

CO2 PLUME X-SECTION VIEW

Source: ADM (2012



EXEMPLO — PROJETO ADM - DECATUR (ILLINOIS - EUA)

January 2030 (Year 18.0)
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EXEMPLO — PROJETO ADM - DECATUR (ILLINOIS - EUA)

January 2062 (Year 50.0)

CO2 PLUME X-SECTION VIEW

Source: ADM (2012



EXEMPLO — PROJETO ADM - DECATUR (ILLINOIS - EUA)

Engineering Design & Planning
Storage Site: Major Well Schematics

Illinois Basin - Industrial Sources Major Well Schematics
I Well S ] [In-Zone Monitor Well | phy g Well | | Detall of the Westbay System

Foe ] ===

Pressure __ ot ) \
auge ]
s ‘g ¢ —E |

d

==y} 4l Packers
T 11
Sample &
. A — Port | A
S—"]
v o™ — \
: Perfs -~ —_—ll = = o "=-I — ==
T— H i : 1;'_L;J
= 7 31 Sensor )i
Array 1l
e L 3
[~ Westbay System Pumping
4 4 =7 Zone Monitoring Port
S " Adapted from the
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Built to Meet Cla
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EXEMPLO — PROJETO ADM - DECATUR (ILLINOIS - EUA)

Site Permitting

USEPA: UIC Class VI Permit _ o
1st UIC Class VI Permit Application

Reviewed by the US EPA

+ UIC Class VI permit application
submitted on July 25, 2011. &

+ US EPA Region V issued a notice of
completeness on August 26, 2011.

« EPAissued an information request on
December 21, 2012.

+ The project team sent a response on
January 25, 2012.

+ The EPA issued a determination that
stated the St. Peter Sandstone
formation was the lower most USDW.

+ The project team submitted revised
permit application using new USDW on
May 31, 2012.

+ 0OG-7 application for construction of
monitoring well submitted June 4, 2012.
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