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e Responsible oil and gas

Oil isafossi|l energy and a resource that islimited on a global scale.
What is oil made of? How isit extracted? What isit used for? A review of the fundamentals.
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What is oil made of?

Oil isamixture of hydrocarbons (molecules composed of carbon and hydrogen atoms) and other molecules,
also containing other atoms, primarily sulfur, nitrogen and oxygen. At ambient temperature and pressure, some
of these constituent elements are in gas form (methane, propane, etc.), some are in liquid form (hexane, heptane,
octane, benzene, etc.) and some are in solid form (paraffins, asphalts, etc.). Oil containsthousands of different
moleculesthat haveto be separated into fractions and chemically converted to obtain productsthat can be
used.

How isoil formed?

Oil istheresult of the thermal decomposition of organic matter contained in specific rocks: source rocks

This matter includes the fossilized remains of agquatic and terrestrial plants, bacteria and microscopic animals
accumulating at the bottom of oceans, lakes and deltas. Known as “ kerogen”, these organic residues are
preserved in environments where water isdeprived of oxygen, thereby combining with mineral sedimentsto
form the source rock.

Additional sedimentswill continue to accumulate over tens of millions of years, taking the source rock to
considerable depths.

Generaly at depths of between 2,500 and 5,000 m and under the action of the high temperatures found at such
depths, kerogen is converted (via thermal cracking) into liquid oil accompanied by gas. At depthsin excess
of 5,000 m, further cracking takes place, converting the oil into gas.



Lighter than water, the oil and gas migrate upwar ds, accumulating in porousrocks (reservoir rock) where
they are confined when below impermeable rocks (cap rock).

If thereisnothing to stop them, they escape to the surface. When this happens, oil “seeps’ are created (used
in ancient times and described by Marco Polo), as found, for example, in the Middle East, Venezuela and even in
France. Already known to the Romans (Puy de la Poix, Allier, near Clermont-Ferrand in central France), this
seep has been active for at least 2,000 years.

Concerning gas seeps, the most famous is the “ Fontaine Ardente” south of Grenoble, described by Saint
Augustin in the 41" century and classified as one of the 7 wonders of the former French province of Dauphiné.

When they rise to the surface, oils and gases can encounter faults or folds (see figure below) forming “traps’
in which considerable quantities of oils and gases can accumulate. It is these accumulations that oil explorers
look for and when significant enough, they become exploitable fields.
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The extraction of shale ail
Produced in the source rock, a not insignificant proportion of the oil can remain trapped there. Since source
rocks are not very porous and impermeable, extracting the oil requires the use of “stimulation” techniques whose

environmental footprint is far from neutral: horizontal drilling and hydraulic fracturing techniques. Today, shale
gas accounts for half of total oil production of the USA.

Definition

The sourcerock isa clayey rock with a foliated appear ance.

Oil, what isit used for?

In the 1950s, oil became the world’s primary energy source. It meets more than 30% of global energy needs.
Itistheprincipal raw material contained in the fuels used by the transport sector (cars, trucks, planes).

It isalso an essential raw material for the petrochemicalsindustry sinceit is used for the manufacture of
numerous everyday products: plastics, paints, dyes, cosmetics, etc.



Lastly, oil isalso used as ahome-heating fuel and a source of heat in industry, but to a lesser extent; it only
accounts for 4.6% of global electricity production, since there are a number of other electric energy sources
(nuclear, coal, gas, hydraulic, wind)

Oil meets morethan 30% of global energy needs









Oil byproducts: the principal polymersand their applications

e PVC: Polyvinyl chloride, application for rigid pipes (gutters etc.), electrical cables, profiles, frames
(windows). In days gone by, vinyl records (33, 45 and 78 rpm).

e Low-density polyethylene: components for the car industry, supermarket packaging, films (construction
industry), pipes and profiles, rubbish bags, injected articles (household and toys), freezer bags.

e High-density polyethylene: bottles and hollow articles, pipes, fibers, injection-molded products
e PTFE (Polytetrafluoroethylene): Tefa pan coatings + other chemicals applications, etc.

e Polypropylene: Injection-molded articles for numerous industries: motor vehicle, household appliances,
furnishings, toys, electricity, food cans and diverse bottles, wire/string, ropes, films, packaging bags,
headlight housing, etc.

e Polystyrene and associated copolymers (ABS): Packaging (white containers), Building (expanded
polystyrene insulation), Bic Pens (transparent), vehicle, household appliances, furnishings (office and
garden), toys, luggage, packaging for cosmetics, medicines and food products, inner door of fridges.

e Polyisobutene, also known as butyl rubber: inner tube applications.
e Polybutadiene (BR): Primarily used for the manufacture of tires.

e SBR: Styrene butadiene rubber or synthetic rubber (latex for example) Styrene + butadiene (elastomers)
Tires and seals, shock absorbers, conveyor belts, soles, pump seals, also incorporated into bitumen to
make the surface more flexible.

e Acrylates and methacrylates. Poly(methyl methacrylate) PMMA. Paints, surface coatings, fibers,
adhesives, inks, glass (caravan, aircraft, boat windows), glasses lenses, wash basins, baths, shower
cubicles.

e Polyamides: Nylon family: 6-6, 6 and 11, 12. Clothing fibers, mechanical friction parts, gasoline tank,
syringes. Woven Kelvar (bullet proof vest).

e Polyester fibersand resins: from terephthalic acid (from para-xylene) + ethyleneglycol (Tergal Fiber),
Poly(ethylene terephthalate PET) for bottles.

e Polyurethanes. Polycondensation of diisocyanate and diols. Example: TDI (toluene diisocyanate), MDI
diphenylmethane 4-4 diisocyanate, or HM DI (hydrogenated version) and for diols (PEG polyethylene
glycol or polypropylene glycol, PPG).

Rigid (thermal and sound insulation) and semi-rigid (upholstery, chair stuffing) foam applications, etc.,
coatings and adhesives, varnishes, paints. Coating for curtains, wall hangings, tarpaulin and blinds. +
imitation leather.

e Polycarbonate: found in bullet proof vests, motorcycle helmets, containers, baby’ s bottles, fishing reels,
safety glass, camera bodies, indicator lights, etc.



Global oil consumption amounted to 97.4 million barrels per day (mbbl/d) in 2017, i.e., the equivalent of
1,127 barrelsor 179,000 liter s per second.

How isoil found?

Oil exploration begins with the identification of clues indicating the potential presence of oil in agiven location
and the likely quantity. Geol ogists and geophysicists collaborate in this painstaking process in which the
economic stakes are high, an investigation that starts at the surface and descends deep underground.

Oil geology or surface observation:

Thisisthefirst step aimed at identifying sedimentary zones worthy of investigation (folds, faults, etc).
Geologists use aerial photographs and satellite images and then go out into the field to examine outcrops. The
latter can provide an indication of the structure deep underground. Next, the labor atory analysis of rock
samples taken makes it possible to determine the age and nature of the sedimentsin order to identify the most
promising zones. This step in the process accounts for 5% of the exploration budget.

Geophysics or study of the deep underground environment:

The objective: provide as much information as possible to ensure subsequent drilling operations have the
maximum chance of success. The aim is also to accumulate useful seismic data, with the help of an
"ultrasound” of the underground environment or " seismic reflection” . These data are obtained using
pneumatic vibrators (or other) that generate mini shocks underground. The signals sent to the surface are
processed by powerful calculation software tools that recreate an image of the underground environment.
Possible traps revealed are ranked according to their probability of existence and potential volume. This step in
the process accounts for 15% of the exploration budget.
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Hypothesis verification

The exploration drilling phase isthe only onethat validates for certain the presence of oil. Therock is
pierced with adrill bit. On land, the equipment is operated from adrilling mast. At sea, the drilling equipment is
supported above the water by a specially designed metal platform. The cost of exploration drilling varies
between €500,000 on land, to €15 millions for seawells. This step, lasting between 2 and 6 months, accounts for
most of the exploration budget: 60% on average.

Evaluating field profitability

Before considering production, the field s profitability must be evaluated: the volume of recoverable reserves
and production conditions can only be determined by conducting delineation drilling operationsto define the
outline of the field. Multidisciplinary teams made up of geologists, geophysicists, oil architects, drillers,
producers and field engineers are responsible for studying the results from the exploration phase. Their
conclusions are crucial to minimizing the financial risks oil companies are exposed to.

The fact isthat only onein five exploration drilling operations reveals a quantity of oil that economically
justifiesthe field’ s devel opment.

How isoil extracted?

The field development phase requires the presence of all the necessary equipment: production drilling or
“development well”, installation of production, treatment and metering equipment and oil transport system. This
phase, representing between 40% and 60% of a project’stotal cost, takes between 2 and 3 years.

The most widely used drilling technique is Rotary drilling, which has evolved considerably, with directional
drilling - making it possible to go around an obstacle underground - or horizontal drilling —making it possible to
cross the length of the reservoir. Extended-reach multilateral wells make it possible to reduce the number of
drilling operations, treating several parts of the reservoir from asingle location.



Where areoil fieldslocated?

Around 30,000 profitable fields exist, ranging in area from a few dozen to a few hundred km?2. Of these,

between 450 and 500 are categorized as “giant” fields (with reservesin excess of 70 million tonnes), and some
sixty of these are “super giants’ (with reservesin excess of 700 million tonnes). These fields are not uniformly
distributed: 60% of the “super giants’ are in the Middle East and represent 40% of the world’ s proven reserves.

2/3 of theworld’s oil reserves are concentrated in the Middle East.

Reserves: a key notion

Insofar as ail is not arenewable energy, the evaluation of reservesis of crucial importance. Reserves correspond
to recoverable oil volumes within the context of current technical and economic conditionsin fields where
production activities are taking place or are going to take place.

Proven reserves are the quantities of oil for which the existence has been established and for which the
probability of recovery within the context of available data, extraction technigques and economic conditionsis at
least 90%.

On average, only 35% of the volumes of oil contained in fields can berecovered. Animprovement in
extraction techniques may lead to an increase in reserves; techniques that, with a high barrel price, may become
profitable.

Offshore ail

Offshore sedimentary basins located in less than 500 meters of water represent more than 30 million km2, i.e., an
area equivalent to that of Africa. It isin these waters that most of the world’s current production reserves are
located (30% of global production, 20% of reserves). Offshore production isthuscrucial to energy supplies.

Major technological progress has been seen in the area of ultra-deep water (> 1,000 m of water) production.
Nevertheless, this production remains highly complex and costly, and, even today, continues to be
technologically challenging, with increasingly complex exploration targets lying at ever greater depths.

In 2017, offshore oil production was 27 Mb/d, i.e., 29% of global production.
The biggest producersare Saudi Arabia, the USA and Russia.

How isoil transported?

Since production zones are geographically concentrated, they are often located along way from consumption
zones to which the oil has to be transported, by tanker or pipeline.

e The main advantage of atanker isitsflexibility: the tanker’s destination can be changed at any time.
¢ A pipeline represents a significant investment, but the associated operating costs are low.



Refining, akey step

Crudeoail isnot used in its original state, it isconverted into various finished products: fuels, combustibles,
raw materials for the petrochemicals industry and other specific products (bitumen, lubricating oils).

Thisiswhere refining comesin: providing consumers with high-quality products that comply with specific
standards - particularly environmental -, in line with the quantities required by the market. This step involves
different operations:

e Theacquisition of intermediate products via distillation:
The three principal oil “cuts’ are obtained in adistillation column: light cuts (gas, naphtha and gasolines),
middle cuts (kerosene, diesel and home-heating oil) and heavy cuts (heavy fuel or atmospheric residue).

e Quality improvement:
This operation consists in removing some of the unwanted compounds from the various cuts, such as
sulfur.

e Theconversion of heavy cutsinto light cuts:
Using dedicated processes, heavy products that are in decreasing demand (heavy fuels) are converted into
middle products for which demand is much higher (gasoline and kerosene).
The refining unitsinvolved are “ specific”. They generally have to operate under high temperature and/or
high pressure conditions to generate lighter hydrocarbons, via“cracking”, and improve their quality, the
majority of unwanted compounds (sulfur, metals, etc.) being concentrated in initially heavy cuts.

e Final product preparation by blending:
Finished products are obtained by blending intermediate or semi-finished products.
In order to accommodate this series of operations, refineries need to have considerable storage volumes
and facilities to receive crude products and dispatch finished products.

All about ail
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