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1. Technological risks and challenges in
the Upstream industry :

How are hydrocarbons explored ?

What are the main difficulties ?
2. Energy Transition and Global changes

affecting the E&P industry

Is oil or gas the same everywhere ?

How much does it cost to find oil ?

What are the main stages of hydrocarbon exploration ?
What are the drivers for decarbonizing the upstream industry ?

How much oil and gas we have left and for how long?
What and where are the sources of emissions?

Solutions for emissions and strategic options already ongoing
within the companies ?

What future for oil and gas companies ?

Oil production and oil prices in the future ?
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Technological risks and challenges in the Upstream industry
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7 = TUPSTREAM S

EXPLORATION & PRODUCTION

Discovery and production of oil
and natural gas

0il & Gas Exploration & Production
Coal & Consumable Fuels
Oil & Gas Drilling

01l & Gas Services and Equipment l

~—————’

MIDSTREAM

ENERGY INFRASTRUCTURE

Transportation of oil and gas via
pipes and storage of excess

* Crude Oil & Refined Products Pipeline
& Storage

* Diversified Midstream Pipeline
& Storage

* Marine Shipping & Transportation

» Natural Gas Gathering & Processing
* Natural Gas Pipeline & Storage

* 0il Field Services

DOWNSTREAM

END MARKET USERS

Marketing and distribution of
refined oil and gas to end users

* Oil & Gas Refining

* il & Gas Marketing & Distribution
» Commercial / Residential

* Industrial Gases

» Diversified & Specialty Chemicals
» Utilities & Power Generation
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Technological risks and challenges in the Upstream industry

Shallow Water Deep Water UltraDeep Water
0-500 m 500-2000 m 500-2000 m
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Technological risks and challenges in the Upstream industry

Trap interpretation & Depth

EXPLORATION Drilling uncertainty assessment APPRAISAL

Geomechanical studies for seal

Regional geopressure & integrity & injection rates

geothermal assessment

Is there

1| ?
any oil Seal capacity, integrity

and HC columns

Petroleum system

Source rock OV wel . . .
Reservoir Seismic inversion &

+ Seal Reservoir characterization
Migration

« Trapping and Accumuation

Fluid properties

g §

Subsurface Imaging

Risk, Volumetrics &
Prospect ranking

DEVELOPMENT

Development costs Reservoir
& Economics Is it engineering and
. simulation
economical
Development Plan to Optimization of Well

and engineering pI’OdUCG? Design/Engineering
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Seismic imaging

survey ship

source of shock waves (air gun)

hydrophones

sedimentary rock layers

path of
reflected
waves
unconformity

2
3
;
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Technological risks and challenges in the Upstream industry

Seismic imaging

leters (Averaged)
500 1,000 1500 2,000

COST OF OFFSHORE
3D SURVEYS
60-100 $MM Seismic

surveys i
Isotropic PSDM WEM .

3DGeo 2007 ’

TTI KPSDM Itr 19
Repsol 2011
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Source rocks T —— y

and pressure

Source rocks are sedimentary rocks that are, may become, or have been S
able to generate petroleum

Sedimentary rocks commonly contain minerals and organic matter with the

) : ) A
pore space occupied by water, bitumen, oil and/or gas. '
X
- -~
Petroleum system Reelitor L =
A : H sa organisms collect )
Antlc“ne FaUIt Strattlrgaraphlc trap aaseaﬂoocto % ma?:&:dw Kc,mcn is converted
0- trap trap P under layers of to hydrocarbons and Oil and gas accumulate,

sediment; kerogen pyiorytes into
forms in source
rocks

trapped by impermeable

reservoir rocks cap rock or at fault planes

until trapped

1_
£
2
£
a
v 3-
o :

4R e “ OIL-PRONE

Gas window o , i S,
. o =g e

Algae = Hydrogen rich = Oil-prone

Wood = Hvdroaen noor = Gas-prone
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Reservoir conglomerate

Potential reservoir types
(architectural elements)

Erosional channels occur on
relatively steep slopes (usually
and coarse grained)

cgeology.com

Aggradational channels occur on
relatively gentle slopes (usually sinuous
and finer grained): Associated
deposits include:
Thin-bedded levee/overbank
Splay
Stumps/debrites
JTARS
— S— S S "Point bars /lateral
Source — Veeken, 2007 accretion sands

Sheets (frontal splays, HARPs);
(relatively medium grained; channelized)
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Technological risks and challenges in the Upstream industry

Reservoir
Carbonates ' ' '
v »
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Technological risks and challenges in the Upstream industry

« Seal: An interface that supports a (fluid) pressure difference on either side of the seal !!

«/ Hydrocarbon densities have a big effect on trap fill. Same seal quality will give different
trap fills for oil or gas.

 Seal failure is the single most important factor in exploration. Data from SIS Survey of 20

companies shows that the cause of failure is about 45%.
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= 16 {@ C&C reservoirs
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0 1 —a
SEAL FAILURE POOAR LACK OF LACK OF OBJECTIVE NOT  UNKNOWN
RESERVOIR TRARIOFF- CHARGE REACHED
QUALITY OR STRUCTURE
THICKNESS

REASON FOR FAILURE

Figure 1.1 — Histogram of failed prospects in the Guif of Mexico, the Bonaparte Basin of Australie, and the
North Sea Central Graben (compiled from Houston Geological Society, 2000, 2003).

Low permeability
Low porosity
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Technological risks and challenges in the Upstream industry

Reservoir Pressure

Pressure distribution at base salt in Cam

Depth TVDss (m)
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Managed Pressure Drilling
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Technological risks and challenges in the Upstream industry

Fluid properties and field development

The American Petroleum Institute gravity, or API gravity, is a measure of how heavy or light a
petroleum liquid is compared to water.

If its APl gravity is greater than 10, it is lighter and floats on water; if less than 10, it is heavier
and sinks. API gravity is thus a measure of the relative density of a petroleum liquid and the
density of water, but it is used to compare the relative densities of petroleum liquids.

For example, if one petroleum liquid floats on another and is therefore less dense, it has a
greater API gravity. Although mathematically API gravity has no units (see the formula
below), it is nevertheless referred to as being in “degrees”.

ULight crude oil is defined as having an API gravity higher than 31.1 °API
UMedium oil is defined as having an API gravity between 22.3 °APl and 31.1 °API
UHeavy oil is defined as having an API gravity below 22.3 °API.

UExtra heavy oil or bitumen is crude oil with API gravity less than 10 °API.Bitumen derived
from the oil sands deposits in the Alberta, Canada area has an API gravity of around 8 °API. It
is 'upgraded' to an API gravity of 31 °API to 33 °API and the upgraded oil is known as
synthetic crude.

Heavy Texas Crude
Humble Oil Field
outhwest Texas

Light Texas Crude
Palo Pinto Field
North Texas

Crude is considered "sweet" if it is
low in sulphur content (<
0.5%/weight), or "sour" if high (>
1.0%/weight). Generally, the higher
the API gravity (the "lighter" it is),
the more valuable the crude.

Also, for health reasons it is very
dangerous. The limits are....

%H§[ bl
$110 - *Dubai
$100 - = **Brent
$90 1 ——Nigeria Forcados
$80 1 — %% ¥West Texas
Intermediate

$70 -

$60 -

$50 -

$40 |

$30 -

$20 -

$10 -

50
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oz corvee J—con

The presence of CO2 will
react with water and
create carbonic acid. This
in turn will corrode the
pipes and other metal
structures.

ey e"""vZ‘ °;\ ,,;\ ‘“’@sﬁ'@&db Q»a 6‘~’ q?‘ & d"q‘b e‘i@ uPQn o,d",p

N
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Carbon dioxide is one of the most common non-hydrocarbon
gases found in petroleum reservoirs.

However, petroleum accumulations with CO2 >20% can be
considered relatively rare.

The most important source of the large volumes of CO2
found in petroleum accumulations is the mantle.

Nevertheless, contribution from inorganic CO2
after carbonate corrosion cannot be ruled out to eventually
occur

Commonly, areas with major CO2 risks are associated with
“hot basement” (GG > 30° C/km), deep seated faults,
igneous intrusions and basin rifting.

Upstream Industry and Energy Transition

Technological risks and challenges in the Upstream industry

Fluid properties and field development

Rock fluid interaction

Carbonates reactivity

Mineral scaling

Porosity enhancement
Mineralogical changes

Changes in oil and water production

Materials and integrity
management (Corrosion
Control and Fatigue)

o Corrosive environment for metallic

materials (CO2)

o Compatibility of non-metallic

materials with CO2

o Interaction of corrosion and dynamic

loads in risers

Y
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Calcite dissolution

Dolomitization 2CaCO; + Mg™ < Ca™ + CaMg(CO;),
Dolomite dissolution  CaMe(CO,), +2H" < Ca™ + Mo ™ + 2 HC (¥




Upstream Industry and Energy Transition .

Technological risks and challenges in the Upstream industry

Well Construction
Semi-Submersible Drill Ship

Jack-up
(+/-400 worldwide) (+/— 180 world wide) (+/- 50 world wide)

Land Rig Platform Shallow to Intermediate — Deep Water Intermediate — Deep Water
Intermediate ' Intermediate Water (90 — +2250m) (60 — 3000m)

N. i (6 — 120m, very few
s A o TNy ST r G T A A

Drilling horizontal wells
through salt

Geomechanical problems
(salt and carbonate)

Long term wellbore integrity
(cementing)

Strategy for well stimulation
Well geometries to provide
high productivity (vertical
vs. horizontal)

Interval selectivity
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Well Costs

Exploration and Appraisal Well Costs

$300,000,000 Drilling Testing
141 DAYS 69 DAYS

161 $M 63 $M
1.3 $M/day 0.9 $M/day
WD 1970 m Cost (USD)

$250,000,000 TD 5800 m

$200,000,000

$150,000,000

TOTAL DEPTH (M)
MILLIONS

$100,000,000

$50,000,000
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Technological risks and challenges in the Upstream industry

...S0 what about the Success Rate ?

100% - .
. (0} ~
o m Overall Success Rate m Commercial Success Rate Geological Global 37% (~1/3 wells)
T 80% - ]
24 Commercial 19% (~1/5 wells)
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Source: Wood Mackenzie
Oil resources per discovery well (mbbls) and success rate (%) High Impact Exploration Performance
5-year Comparison
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Source: Wood Mackenzie, HSBC estimates 2w9 o 201 3 2014 - 2018
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Technological risks and challenges in the Upstream industry SRR
Water Depth (m) Operator Oil kb/d Gas MMcm/d Discovery First Oil Duration
Lula Central Santos 2250 Petrobras 150 6 | 2006 2016 10
Lula Sul Santos 2126 Petrobras 150 6 1 2006 2016 10 |
Papa Terra Campos 1200 Petrobras 180 6 | 2003 2013 10
Lula NE Santos 2130 Petrobras 120 5 ! 2006 2013 7 I
Lapa (Carioca) Santos 2140 Petrobras 100 5 2007 2016 9 |
Norte Parque das baleias Campos 1399 Petrobras 180 6 2008 2014 6 .
Sapinhoa Sul Santos 1800 Petrobras 120 5 2008 2013 5 |
Iracema (Cernambi) Sul Santos 2210 Petrobras 150 8 2009 2014 5 :
Iracema (Cernambi) Norte Santos 2010 Petrobras 150 - 2009 2015 6 |
Sapinhoa Norte Santos 2300 Petrobras 150 6 2010 2014 4
Tartaruga Mestica Campos 934 Petrobras 180 35 2010 2018 8 |
Tartaruga Verde Campos 976 Petrobras 2009 2017 8
Franco (Buzios) 1 Santos 1889 Petrobras 150 7 2010 2016 6 1
Franco (Buzios) SW Santos 1889 Petrobras 150 7 2010 2016 6
Carcara Santos 2160 Petrobras - - 2012 2018 6 I
1]
Average Duration (general) 7.07 /
—
Source: IHS Connect Average Duration (discoveries since 2008) 6.00




Upstream Industry and Energy Transition

Technological risks and challenges in the Upstream industry

CERENA

Centre do 42cLrsos
Nuilurais e &rrbienle

may be underfaken 1o

test flow properties.

Appraisal

Commercial viability of
a site is explored further.

Concrete drilling pads
and roads are built, Crilling
rigs will be erected.

Additional boreholes are
drilled accompanied by
harizontal drilling.

Hydraulic fracturing tests
may be undertaken to
test flow properties.

Production

If a site is suitable

for production, more
wells will be drilled and
hydraulically fractured
with accompanying
site activity.

After around two yvears,
the maijcr on site activity
will cease and will be
replaced by routine
maintenance, although
some further wells may
be drilled.

Decommissioning

site restored to

ongnal condition,

Wells are plugged «
abandoned. surface
infrastructure is removed.

Aftercare monitoring
regimes put in place.

This work could take
place at any stage of a
development if site does
not gevelop INto

the next one.
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How much does it cost to find oil ? Break-even costs

Finding Costs (US$/b A NPV @ 10%
inding Costs ( S/ODE) Finding and Development Costs (USS$/boe) (Mﬁ)ss) IR (%)

5 10 15 pl 25
T T T T 0 5 10 15 20 25 30
: : 2.000 20%

Freeport-McMoRan

Tullow Oil

Cairn Energy

Lundin

Kosmos
Newfield
Qil Search

Pioneer
Pacific Rubiales :

Talisman
Hess pes—

Apache |e—
Sinopec Corp  [e—
Marathon  |es—
Husky
Premier |
PTTEP  |pr—
Statoil |e—
Murphy Oil
Anadarko e—
CNOOC
Petrobras |
Woodside j—
Noble Energy |
BHP Billiton  je—
Shell  j—
Pemex |e—
Continental e
BG  p—
Eni  pe—
Devon s
PetroChina e
Chesapeake e
ConocoPhillips e
Chevron e
Inpex Corporation s
Santos e
Total e
Encana e
EOG e
BP |
Occidental =
BExxonMobil =
Origin Energy =
Cenovus =
Southwestern ==
Range =
LUKOIL =
Suncor Energy =
Denbury =
CNRL =
Gazprom &
Rosneft f

alt Fir
S5-=-1.

oodMackenzie

Freeport-...
Lundin
Tullow Oil
Kosmos
Oil Search
oMV
Cairn Energy
Pacific Rubiales
Hess
Pioneer
PTTEP
Husky
Apache
Santos
Talisman
Murphy Oil
Repsol
Statoil
Newfield
ONGC
CNOOC
Woodside
Sinopec Corp
BHP Billiton
Pemex
Eni
Devon
Chevron
Noble Energy
Marathon
Denbury
Occidental
Shell
ConocoPhillips
Anadarko
EOG
Suncor Energy
Premier
Petrobras
Total
Inpex Corporation
Encana
CNRL
Chesapeake
BG
Continental
Cenovus
PetroChina
ExxonMobil
LUKOIL
BP
Southwestern
Rosneft
Range
Origin Energy
Gazprom

Average Finding
& Develop. Cost

17 $/boe

Pre-salt Finding &
Develop. costs

30 - 60 $/boe

1.800
1.600
1.400
1.200
1.000
800
600
400
200
0

1005/bbl

=== Qil Price
2500
2000
1.500
1.000

g o
-500
-1.000
-1.500
-2.000
-2.500

-50% -40% -30% -20% -10%

e Gas Price

66%$/bbl)

0%

705/bbl

e Pro duction

10%

e C A EX

20%

30%

40%

18%
16%
14%
12%
10%
8%
6%
4%
2%

0%

50%
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How much ? Where ? For how long ?
833.8 .
‘*d Thousand million bbls 60 Total World: 50 years
(3 j
X, ] 1,800
‘ . Asisz.aci ic 50
' “ > 1,600 rica
1,400 N
Total World 1,200 S
1733.9 thousand million barrels 1,000 3
3241 800
600 urope
400 S. & Cent. America
200 North
0 America
end 1999 end 2009 end 2018 end 2019 143.8

Asia Pacific North America S & Central America Africa Europe & Eurasia  Middle East

Asia Pacific
3%

75.3

26.3% increase in World reserves in the last
20 yrs

Growth rate per annum is 1.5%

Middle East kept the leadership

S. C. America saw big increase due to
Brazil pre-salt exploration

Europe negligible role

27.2 273
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Global changes affecting
the E&P industry
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Decarbonization: the drivers

World emissions today Net Zero 2050

ol

billion tons

greenhouse gases/year
(carbon dioxide equivalents)
3 ; billion tons

CO,/year
billion tons
CO2lyear

Source: WoodMackenzie Report: How to Decarbonize the Upstream Industry
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Transmission &
Distribution Losses
(electricity)

Purchased
Electricity

Business [N
Air Travel
e ‘d (8

o WV X Employee
o Commuting

';o.,m.d

Solid Waste

On-site Landfills &
Wastewater Treatment

o Fugitive

Emissions Contracted Wastewater

Scope 1 | Scope 3
direct areenh GHG o ~ Scope 2 o I all other indirect emissions, i.e., emissions associated

irect greenhouse gas (GHG) indicates indirect GHG emissions I ith th - d oroduction of burchased

emissions that are from sources ) ) i with the extraction and production of purchase
\ associated with the production of / materials, fuels, and services, including transport in

\ oOwned or controlled by the electricity, heat, or steam purchased # o ’ ’ g PO

N\ _reporting entity. by’ h P . /2 vehicles not owned or controlled by the reporting

Soeo T Z t_e_re_po_rtlig_en_nt& o PR 4 entity, outsourced activities, waste disposal, etc
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What are the big sources of upstream emissions ?

A great deal of energy is required to extract and process oil and gas — power needed to drill wells, so well depth and length are factors; artificial recovery for
certain types of reservoirs, mature fields or heavy oil; and the quality of hydrocarbons — oil sands require a lot of processing before they can be sold into the
market, as does LNG.

Venting CO2
4%

Flaring gas S SESEas ~
12% i Production & i

i Processing i

Production | 53% emissions ,:

26% R L EEEE B R -

f Gas release M
I methane leakages, venting |
: and flaring :
\._-30%emissions___!

. Drilling

Processing
27%

Source: Wood Mackenzie, The Edge, 24/6/2021
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Do emissions vary by region?

Total upstream emissions are driven by the big three producing regions: Middle East, North America and Russia/Caspian

Lens heatmap of global upstream emissions (Scope 1 and 2)

Source: WoodMackenzie Report: How to Decarbonize the Upstream Industry

Latin America and Europe Oceania
the Caribbean 2% 2%
5%

Africa
5%
Asia
5%
Middle
East
34%

North
America
28%
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What’s the motivation to Cut emissions? The upstream above-ground risk environment varies dramatically across the 118 countries rated by

IHS Markit E&P Terms and Above-ground Risk.

The expectation of a modest (albeit potentially volatile) recovery for oil : \ ; ¥ e T
and gas markets in 2021 is good news for E&P investors and I g i;,f«;-.j;;;\j%s'?r(’"\é 3 /‘“ e ~j '
governments of hydrocarbon-producing states alike, but the outlook is - SEAY ‘w,’ ., d
not without serious above-ground risks. o \ AEIN §# BIEL
« Shifting geopolitical dynamics - 'd WA o
« climate change mitigation efforts . i T %7
« energy transition pressures e R N S
« intensifying political, economic, and social : ‘ 2 ey
challenges in a number of producing states will drive | 5 {
changes to the above-ground investment environment, i ;
creating new risks alongside the potential for new K
opportunities_ — —

Ultimately, the social licence to operate is at risk.

It’s already getting harder to access finance, and stakeholder pressure is intensifying.

LNG is the canary in the mine. A number of LNG buyers in the last year have started to insist sellers include detailed reporting of

Risk rating

== 10 (Lowest risk)
9

W HE O N®

2
mm 1 (Highest risk)

International boundary
Subject to daim

or dispute

UN buffer zone

1 Source: IHS Markit: 2001995

emissions, from wellhead to berth, for LNG cargoes. It’s a trend that will become prevalent in LNG, and we expect all oil and gas operators

will have to go down this path to make their production marketable.

Source: Wood Mackenzie, The Edge, 24/6/2021
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...what about the future ?

‘- P ve =
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What we know about
energy transition.....

....what is yet to be
understood!

Thank you !





