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Main goal

* The project aims to evaluate the geological feasibility
of implementing technology for carbon storage in
non-conventional onshore oil reservoirs and those
associated with offshore sedimentary basins in the
southeastern region of Brazil.
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Objectives

= To test the hypothesis that shales rich in organic matter from the Parana Basin and turbidites
from the Santos Basin can adsorb significant amounts of CO2, compatible with the quantities
released in productive activities, and constitute important reservoirs of carbon in the region.

= Characterization of socioenvironmental impact risks resulting from the use of areas identified
for CCS.

= Definition of economic and logistic scenarios of the use of selected areas for CCS projects.

= To provide a Carbon Storage Atlas with under an integrated view (from sources of emissions to
storage sites of carbon) to show information related to the existing infrastructure.

= CCS Atlas’s text boxes will provide additional information regarding the state-of-art of
economics and logistics assessment in CCS research and pilot deployment, as well as, the
expected evolutions in “learning curves” and “potential of cost reductions” — especially in
operation of multimodal integrated networks.
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Perspectives for carbon storage in onshore non-conventional oil reservoirs and offshore sedimentary basins in Southeast Brazil
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main usp analytical facilities available for the project
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main usp analytical facilities available for the
project

Scanning Electron Microscope Electronic Microprobe

Institute of Geoscience
USP
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Institute of Energy and Environment
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Whole-rock mineralogy of shale of the Irati Fm.
from the Parana Basin
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Whole-rock mineralogy of shale of the Irati Fm.
from the Parana Basin
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IMAGENS E ANALISES (EDS) EM MICROSOPIO ELETRONICO
DE VARREDURA DE MINERAIS DE ARGILAS
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INDICES GEOQUIMICOS ORGANICOS

TOC is obtained by heating the rock to generate
the combustion of organic matter and the

formation of CO2. The released CO2 is
proportional to the amount of C. (Pyrolysis)

Rock eval is the trade name for a set of
equipment used to measure the organic content
of rocks, as well as, other properties of organic
products that help identify the kerogen type.
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Preliminary sample distribution of the results of TOC and Rock-
Eval analysis of GO and MT samples
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Santos Basin
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Stratigraphic chart of the Parana Basin
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Academic revision

(Economics and Logistics Aspects)

hd The so-called ROADMAPS on CCS (trying to extract economics and logistics revisions presented by authors)
*  Models of LNG multimodal integrated transport in Brazil (unpublished) (to base models of cO2 transport)

o International experiences with CCS Atlases (usually not including economics and logistics)

. The Brazilian first Atlas of CO2 CS (published in 2015) by CEPAC-PUCRGS (which attempts to take an integrated

approach ... Methodological and data accuracy deserve some criticism, including economic and logistical issues)
* Race, J.M,, Seevam, P. N., Downie, M. J. (2007). Challenges for offshore transport of anthropogenic
carbon dioxide.

*  HENDRIKS, GRAUS and BERGEN (2004)(*) — Comprehensive economic/logistical study of CCS projects

TRL review (reference for our basis scenario ... Processes of Updating and Adapting to the Brazilian economics to be proceeded by Proj 36’s

Team)

RESEARCH CENTRE FOR GAS INNOVATION 21




(Economics and Logistics)

*  Continuous literature revision on CCS economics and logistics (Updating our Reference Scenario)

Location and estimates of CO2 emissions;

Transport challenges for CCS;

Viable CO2 transport modals — beyond pipelines and shipping;

Costs of CO2 transport and storage in international cases;

- Injection of CO2 in reservoirs for an improvement of the extraction of hydrocarbons (oil and gas).

*  Critical analysis on literature review and domestic estimations (taking into consideration the local economics

and logistics picture)

*  Case studies (logistical and economics estimating of potential integrated CASES STUDES ... Described on the

PUC - Atlas)

*  Boxes of texts (General perceptions of CCS economics and logistics to Atlas readers)
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Environmental and social suitability map for CCS

Data sources:

Environmental data:
- Isopach lines: from Northfleet et al. (1969)
- Surface water: georeferenced data (lakes, rivers and reservoirs) from IBGE (2017), original scale 1:250,000
(geoftp.ibge.gov.br/cartas_e _mapas/bases_cartograficas_continuas/bc250/versao2017/Shapefile/)

- Natural reserves: conservation units (2015) from Ministério do Meio Ambiente do Brasil
(mapas.mma.gov.br/i3geo/datadownload.htm)

- Groundwater productivity; hydrogeology from SGB — CPRM (2014) (www.cprm.gov.br/publique/Hidrologia/Mapas-e-
Publicacoes/Mapa-Hidrogeologico-do-Brasil-ao-Milionesimo-756.html)

- Potentially critical areas for the use of groundwater: instituto Geolégico do Estado de S3o Paulo (2010)
(igeologico.sp.gov.br/wp-contente/uploads/noticias/igeologico/ps_down_outros.aspm.htm)

Demographic and Socioeconomic data:

- POpUIation density: Demographic Census (2010) and municipality area from IBGE (2011)

(https://www.ibge.gov.br/geociencias-novoportal/organizacao-do-territorio/estrutura-territorial/15761-areas-dos-
municipios.html?=&t=downloads)

-GDP per ca pita: gross domestic product (at purchasing power parity) per capita by municipality (2015) from IBGE
(https://www.ibge.gov.br/estatisticas-novoportal/economicas/contas-nacionais/9088-produto-interno-bruto-dos-
municipios.html?=&t=downloads)

- Indigenous land: from 18GE (2017), original scale 1:250,000
(geoftp.ibge.gov.br/cartas_e_mapas/bases_cartograficas_continuas/bc250/versao2017/Shapefile/)

Infrastructure:
- PipEIiﬂES: from Ministério do Meio Ambiente do Brasil PNLT (2008) (mapas.mma.gov.br/i3geo/datadownload.htm)



I Environmental suitability map for CCS

T 7 T T ‘ T T ~
| »: ey
4 » 1 4
g 2E t I |
g & " ¢ A
A N
‘ [
.
5 A}
) ; . -
e’ { z Y
) b € 1 ~ Y e, T2
l ?
'S £ K "5 - - - o~ }
'\"! /‘ »
% » %\\,{;
5 5 2
s 2B
® & I
— T \ ‘ ..t
A
\ _:"
44
i e ‘\\\x
& \‘ 3 Surface water 0 \P
8 = S i -
or St lake 1 2 /
& ) . ) & ) I natural reserves
i : B river/reservoir L S :
e % ) S et || seseees Parana Basin
N R Parana Basin
> Y
3
s Source: Ministério do Meio Ambiente (2015) Source: Ministério do Meio Ambiente (2015)
Geographic Coordinate System } Geographic Coordinate System
SIRGAS 2000 s SIRGAS 2000
{
0 300 km P_q, 0 300 km
N N N 1 l? 1 1
60°0'0"W 52°0'0"W 44°0'0"W 60°0'0"W 52°0'0"W 44°00"W

RESEARCH CENTRE FOR GAS INNOVATION




10°0'0"S

18°0'0"S

26°0'0"S

Socioeconomic suitability map for CCS

Population density
(inhab./km2, by 0.5
standard deviation)
0.5-106
10.7 - 114.5
114.6 218.4
B 218.5-322.3
P 322.4-426.1
I 426.2 - 530.1
I 530.1-3087.2
------- Parana Basin

300 km

Source: Demographic Census (IBGE, 2011)

Geographic Coordinate System
SIRGAS 2000

44°0'0"W

RESEARCH CENTRE FOR GAS INNOVATION

10°0'0"S

18°0'0"S

26°0'0"S

GDP per capita
(by 0.5 standard
deviation)

[ 888-19.79
19.80 - 40.91
40.92 - 62.03
62.04 - 83.16

B 83.17 - 329.42

------- Parana Basin

Source: IBGE (2015)

Geographic Coordinate System
SIRGAS 2000

60°0'0"W

44°0'0"W




Socioeconomic suitability map for CCS
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Infrastructure
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