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The ANP’s institutional presentation is based on current and
reliable information, but no representation or warranty is
made as to its accurateness and completeness, and it should
not be relied upon as such.

Projections and estimated values are included without any
guarantee as to their future realization.

Forward-looking data, information, projections and opinions
expressed during the presentation are subject to change
without prior notice.

This presentation focuses on geology and geophysics, not on
regulations.




Integrated Assessment Models (IAMs)
IAMs have been crucial for IPCC reports and are being
utilized in policymaking.
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(PPE/COPPE-UFRJ)
COFFEE MODEL — GLOBAL => IPCC
Computable Integrated Framework for Energy and the Environment

climate : :
information

BLUES MODEL — BRAZIL => BRAZILIAN NDC

Brazilian Land-Use and Energy Systems model
Brazil Second Nationally Determined Contribution (NDC) November2024.pdf
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https://data.ece.iiasa.ac.at/ar6/#/about
https://unfccc.int/sites/default/files/2024-11/Brazil_Second%20Nationally%20Determined%20Contribution%20%28NDC%29_November2024.pdf

CCUS & Net Zero

Carbon Capture, Utilisation and Storage (CCUS) enables the production of low-carbon power, decbonised healing and

carbon dioxi

O O

Ensuring a smooth transition to Net Zero by 2050.

Concentrated clusters Windfarm  [FSSYHITY
to target heavy industry A more rei
and power. wdl | ' @ use of curtailed energy.

Helping to decarbonsing
electricity, businesss,
transport and heating.

Wilkes, M. (2023) CCUS & Net Zero lllustration.
Available at: https://ukccsrc.ac.uk/ukccsre-ecr-ces-visual-communication-competition-2023/
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to contribute and transform
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“The choice to replace fossil fuels with
biofuels allows potentially for the medium
and long-term development of biofuel
technology routes associated with CCS to
produce negative emissions, since removals
in the Land Use Change and Forestry sector
alone will not be enough to offset the
remaining emissions. This  will depend,
however, of the economic and technical
feasibility of these new technologies in the

medium and long term”.
Brazil_Second Nationally Determined Contribution (NDC)_November2024.pdf
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https://nam10.safelinks.protection.outlook.com/?url=https%3A%2F%2Fukccsrc.ac.uk%2Fukccsrc-ecr-ccs-visual-communication-competition-2023%2F&data=05%7C01%7Cravila%40anp.gov.br%7Cf47fa9e4ba3c4dfbfa8308dbd3ae2c1a%7C4499f4ff24a64b42b7ef124afcadc913%7C0%7C0%7C638336517296807160%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C3000%7C%7C%7C&sdata=vbQOdb%2FzzCyiGez8SeqNbapm8PEvDDBQdSjbBuJOIgI%3D&reserved=0
https://unfccc.int/sites/default/files/2024-11/Brazil_Second%20Nationally%20Determined%20Contribution%20%28NDC%29_November2024.pdf

ST

TN

Impermeable
Water Mt?dstone
ggpth
Inke
High
r
The Shard

h Example from the E
Endurance CO, =
v Storage Site in a
+ e O the UK North ! g
=]
Sea Imm "E
“Sandstone S

e \ High permeability - CO, e e e o g

Minimum depth y 800m =4 = BN is permanently stored AL’Q&?E’;‘;?&&
for €O, storage | ; i 3 Before After Low
Supercritical CO, 1020
(fluid state) | 1020m— . S Clay/silt
Temperature >31°C | We NG ' grains Sand
Pressure >7.4MPa | 55 | M grain
1460m-| s g Sandstone .
Sandstone s
By Dr Roberto Loza, Cardiff University ~ S e

MPa= Mega Pascal
Loza, R. (2023).
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Estimating the Chance (Pg)

Chance Factor Adequacy Matrix

0.0-0.2 08-1.0

0.2-0.4 0.4-0.6 0.6-0.8

03-045 | 0.45-0.55 | 0.55-0.7
Bad News
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(T) Good News

Source: Rose & Associates (2023)
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https://ukccsrc.ac.uk/ukccsrc-ecr-ccs-visual-communication-competition-2023/

UNCERTAINTY RISK FACTOR
How large is the overall storage efficiency? If low: CO, plume will be larger and more mobile.
Is the aquifer/reservoir open or confined (closed)? [Is the aquifer/reservoir open or confined (closed)?
To what extent is the reservoir compartmentalized? Small compartments: Igwer efficiency. Rapid
pressure increase
How effective are updip fault seals? If faults are not seall_ng: no buoyancy trapping Geometry
against faults
Is there a structural or stratigraphic trapping Absence of a trap reduces trapping efficiency
component?
How much could the injection pressure increase? Increase: Iowe_r Storage efficiency, reduced
injection rates.
How many small-scale heterogeneities are expected? If few heterogene|t|gs; low residual trapping
efficiency
How many vertical migration feeder points are If few: low storage efficiency, plume not
expected? expanding vertically
How many vertical heterogeneities are expected? If few. low storage efficiency, plume not Heterogeneity
expanding laterally
Are there permeability fairways in the reservoir? If permeability fa_lrwa_ys: increased directional
migration of CO,
Are there intermediate shale layers that can act as If not: CO, won't spread out and fill a larger
baffles? reservoir volume.
How large is the saturation of immobile in-situ fluids | More immobile in-situ fluids: reduced microscopic
that cannot be displaced by CO,? displacement efficiency, hence storage efficiency
How uniform are pore capillary entry pressures? If uniform: lower residual trapping efficiency
How large are the pore throat radii, wettability, and | Unfavorable values minimize residual trapping. Pore Scale
interfacial tension? Upward migration rate may be expectedly high.
How much CO, trapped will dissolve in brine/HC, and | Poor solubility and/or slow dissolution: less CO,
how fast? How much CO, trapped

Source: Rose & Associates (2023)

APl

Storage Efficiency (E,)

* Storage efficiency is the fraction of total pore volume filled by CO,

szzAXhXN/GXdJXPcoerES ‘ Where

Mass =

Net Pore Volume x  Density x Storage Efficiency

* Storage efficiency is the product of:
* Microscopic displacement efficiency, E4

* Volumetric displacement efficiency, E,,

E, Values Depend on Reservoir Configuration

Closed Aquifer Open Unstructured Aquifer

Open Structured Aquifer

Project

Sealing Sealing Pressure Space

Faul[\ %‘/Fault
_—

E,=0.3-12%
Bachu, 2015

CO, Plume
|

Sea
Reservoir

Spill Point

Base of Closure

E,=5-19%*
* Clastic reservoirs, P90-P10
Source: Bump & Hovorka, (2023)
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THE POTENTIAL OF BECCS (15t Approach)
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EAGE 51 5] THE POTENTIAL OF BECCS (1t Approach)
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EAGE : THE POTENTIAL OF BECCS (15t Approach)
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THE POTENTIAL OF BECCS (15t Approach)

Emissdes - Usinas de Biocombustiveis % Usinas Brasil por Regido
CO2 ferm. (kt) =

% Usinas Brasil por Estado
Rj; 2% ES; 1%

CO; 22%

SE; 53%

79%
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Source: Plataforma GIS CCUS Brasil. Porto Alegre: IPF, 2024). Avaliable at
https://www.pucrs.br/ipr/plataforma-gis-ccus-brasil/ .
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EAGE THE POTENTIAL OF BECCS (Sao Paulo State)
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THE POTENTIAL OF BECCS (Parana Basin)

Legendé Fm. Ponta Grossa

I Fm. serra Geral [ Gr Parana :
Soleiras — Fm. Furnas
-Fm. Piramboia, Fm. Rosario do Sul e Gr. Sao Bento - Gr. Rio lvai —— Fm. Serra Geral Embasamento

-Gr. Itararé, Gr. Guata e Gr. Passa Dois I:] Embasamento Fm. Irati Falhas
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THE POTENTIAL OF BECCS (EXAMPLES)
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THE POTENTIAL OF BECCS (Parecis Basin)
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THE POTENTIAL OF BECCS (Parecis Basin)

EAGE
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THE POTENTIAL OF CCS-HUB (Offshore)

Present Time

*

Geological Time (Age in m.y.)
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Passive  margins  tectonic
plate.  Brazil experiences
relatively  calm tectonic
conditions characterized by
low seismicity (earthquake).
This stability is a favorable
factor for ensuring safety in
the permanent geological
storage of CO.,.
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THE POTENTIAL OF CCS-HUB (Offshore)

(5

Campos Basin

The Campos Basin is located primarily in
front of the state of Rio de Janeiro. This
area is home to industries that produce
high levels of CO, emissions, hard fo
abate, such as the cement, steel, and
metallurgical industries. Additionally, there
are large saline reservoir offshore, as well
as depleted oil fields that can be studied
for permanent storage purposes, possibly
in a HUB model.
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THE POTENTIAL OF CCS-HUB (Offshore)
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t‘«gﬁg Campos Basin (Sdo Tomé Example)

Open Unstructured Aquifer

Project
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THE POTENTIAL OF CCS-HUB (Saline Reservoir)
Sao Tomé Example CAMPOS BASIN

Open Unstructured Aquifer

Project i Crorkurten FIRST EAGE/SBGF CONFERENCE ON
Seal CO, Plume  pressure Space g o7 ROADMAP To
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Rose and Associates, 2023



THE POTENTIAL OF CCS-HUB (Saline Reservoir)
Sao Tomé Example CAMPOS BASIN

Open Unstructured Aquifer

Project
Pressure Space

CO, Plume

Seal

Reservoir

R0003_GRAND_NORTH_CAMPOS.2D.MIG_FIN.0228-1498
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THE POTENTIAL OF CCS-HUB (Saline Reservoir)
Sandstone Turbidite — Oligocene - SANTOS BASIN
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THE POTENTIAL OF CCS-HUB (Saline Reservoir)
Sandstone Turbidite — Oligocene - PELOTAS BASIN
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Eanp
LAW NP°. 14,993, October 8, 2024

https://www.planalto.gov.br/ccivil 03/ ato2023-2026/2024/1ei/L14993.htm

“The text promotes sustainable low-carbon mobility and the capture and geological storage
of carbon dioxide...”

“CHAPTER VI - Activities In the Carbon Dioxide Capture and Geological Storage Industry

Art. 26. The exercise of carbon dioxide capture activities for geological storage purposes, its
transport through pipelines, and geological storage will be carried out with authorization from

the ANP § 4° "Except” EOR.

Art. 28. The ANP is responsible for regulating carbon dioxide capture activities for geological
storage purposes, its tfransport through pipelines, and its geological storage.”
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https://www.planalto.gov.br/ccivil_03/_ato2023-2026/2024/lei/L14993.htm

THANK YOU!
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linkedin.com/in/ronanmagalhaesavila
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