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Hidrocarburos: “la herencia solar”

luz 6 CO2 +12 H20 = C6H1206 + 6 H20 + 6 O2

ATMOSFERA
CO2 ——  rganismos ____, otros

4 H20 —» fotosintetizadores organismos

BIOSFERA/
HIDROSFERA

descomposicion

bacteriana |

enterramiento LITOSFERA
rapido y
preservacion

evolucion

oxidacion <«—— exhumacion < (hidrocarburos)




¢, Como se origina el petroleo y el gas?

Organismos vivos

Sedimentos ricos en
materia organica

Roca madre

Petroleo

Dlagenesls

Catagenesis

Metagenesis

Carbo-

Lignin hydrates

Proteins Lipids

Degradation
FPolymerisation
Condensation

Fulvic Acids

Sl \

~~

Carbon
Residue

Minor
Atteration

Geochemical Fossils

Humic Acids
Humin
Release
Kerogen of trapped
— malecules
Thermal
Degradatiun
Low toc med. MW

hydruc arbons

Methane and
Light hydrocarbons

After Tissot and Welte, 1978




¢, Como se genera el petroleo/gas de las “shales™?

Living - e
organisms Lignin - Proteins Lipids
Microbsal
degradation
Polymerization Unaltered
g Condensation molecules
el
as
= Minor alteration
% retaining carbon skeleton
c
s -
Recent Geochemical Fossil
sediment S
— Release
of trapped —___
molecules
Thermal
degradation
2 = -
53 Principal zone Hydroc : <
= of oil formation t N : Crude Oil
-0
=
S High MW
L3-4 :
[ Cracking Cracking
Zone F Methane Gas
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Las ventanas del petréleo y del gas

Temperature | Vitrinite Spore
o °¢ reflectivity, | coloration
R,
Surface 25
0.5 -l Diagenesis
—  Yellow

Orange

Depth | [ight Brown

-

—10 Black

Catagencsis

Graphite

Sty Metagenesis

FIGURE 5.19 Correlation between hydrocarbon generation, temperature, and some paleo-
thermometers.




A gue profundidad se genera el petroleo y el gas?

Gas biogénico
65°C

Ventana
del gas
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¢, Que son las “shales”?

Rocas sedimentarias detriticas de grano fino, mayoritariamente formadas por
particulas tamano arcilla—limo. Pueden ser laminadas o masivas y mas 0 menos
ricas en carbonato. jNo traducir por pizarras o esquistos (rocas metamarficas)!




“Oil shales” (““*kerogen shales™)

Rocas ricas en kerdgeno a partir de las cuales pueden destilarse hidrocarburos
liguidos denominados “shale oil”.




No confundir con el “ligth tight oil” (LTO)

Petroleo natural (o crudo) obtenido de “shales” mediante FH
: ﬁ.'."r?rr, “" 7?_: - i ._—,-_—ﬂnr- 4 - o -f_




“Shale gas”: gas natural (CH4) atrapado en “shales”

The con tional LLGERY convantionz)

lexv, axexeersttive




Tamanos de poro: gas convencional vs *“gas shale”

Organic Matter

Quartz f :

~ w7 deti WD | HY | cur | HFW |mode| — 500 nm ———
B “ | TLD 4.0 mm |S.00kV (43 pA[1.71pm| SE Helios Manolab

Passey and Bohacs, ExxonMobil

Micra= 103 mm

Nano (n) = 107




¢cDonde esta el metano en las “gas shales™?
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Fracture
porosity -

m Fracture gas is produced immediately
B Adsorbed gasisreleased due to pressure declines




Distribucion hipotética de gas y agua.
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Porosidad y permeabilidad:
convencional vs “gas shale”

System Porosity | Permeability | Reservoir

Conventional Reservoir up to 10-3 Darcy Free Gas
rock 30% (mD)

Tight Gas Reservoir < 5% 10% Darcy | Free Gas
Rock (UD)
Gas shale Source < 5% 10-° Darcy Free +

Rock, (nD) Adsorbed
organic rich Gas

Coalbed Coal Seams | key challenge is removal natural
Methane of water fractured,

(CBM) filled with
water and

gas




Extraccion : gas convencional vs “shale gas”

P1-P2

En una cuenca sedimentaria:

j 1. Ha de existir una roca madre (source
Conventional rock) rica en MO capaz de generar
non-associated hidrocarburos.
2. l a roca madre tiene que haber sufrido un
proceso adecuado de maduracion.

3. Ha de existir una roca almacén o
reservorio (reservoir) conectada con la
roca madre, y con valores adecuados de
porosidad y permeabilidad.

4. Necesidad de una roca impermeable (cap
rock, seal) que impida el escape de los
hidrocarburos.

5. Los elementos, ordenados estratigrafica
y/ o0 estructuralmente formando trampas

(traps).

Sowos U S Energy information Adminstration and U S Geclogical Survey




Extraccion : gas convencional vs “shale gas”

En una cuenca sedimentaria

1. Ha de existir una roca madre

(source rock) rica en MO capaz de
Conventional generar hidrocarburos.
non-associated 2. La roca madre tiene que haber
gas sufrido un proceso adecuado de
/ maduracion. La misma roca madre
[ % es el almacén, el sello y la trampa

as
9\

Qil

Selal

Sandstone Tight sand——
749

ﬂ 2+3+4
Gas-rich sha ey

Sowce US. Energy information Adminstration and U S. Gedlogical Survey







Cambio de paradigma geologico
+ desarrollo tecnologico

Preferred Trap Type

Common Reservoir
Lithology

Reservoir Permeability

Aerial Trap Size
Geological Risk
Drilling Risk
Well Type

Completion Expense

Structural

Sandstones and
Carbonates

Millidarcies
Small

High

High
Vertical

Low

Stratigraphic

Shales, Tight Sandstones
and Tight Carbonates

Nanodarcies

Huge
Low
Low

Horizontal

High




Roughly 200 lanker A pumper lruck injecls a Matural gas flows out of well.

trucks deliver water for mix of sand, water and { >

the fracturing process. chemicals into the well. i Recovered water Is stored in open
{7 pits, then taken to a treatment

¥ i plant. -

Storage  Matural gas is piped
tanks to market.

¥ Pit

1,000
Hydraulic Fracturing
000 Hydraulic tracturing, or
’ “fracing,” involves the injection
of more than a million gallons
_ of water, sand and chemicals
3,000 at high pressure down and

across into horizontally drilled
wells as far as 10,000 feet
below the surface. The
rized mixture causes

Graphic by Al Granberg



I America’s hotspots
2011 | Shale-gas production [ Basins

Bakken

Marcellus

Sources: Energy Information Administration;
International Energy Agency



Pozos y operaciones

Source
Source water

e S Iowbac
ch, Talisman Energy

Z : @%\:_‘jy : . water
Plataforma de operacion (“well-pad”): 1000-4000 m? (+/- campo de futbol)

Se necesitan 15.000-30.000 m3 de agua por pozo (15-30 millones de litros)

~ 35.000 pozos fracturados por ano en los EE.UU.

Uso de agua equivalente al de 1-2 ciudades de 2,5 millones de habitantes
Transporte de equipo movil, fluidos y soélidos (~ 1000 viajes de camion / pozo)
Ampliacion de la red de carreteras para conectar todas las bocas de pozo

Se necesitan gasoductos conectados a la red gasistica principal

Equipos de FH (temporal), equipos de produccion (“permanente”)

Afectacion del terreno durante 1-2 generaciones (25-50 afios)




~ 35.000 pozos fracturados por ano en los
EE.UU

Uso de agua equivalente al de 1-2 ciudades de
2,5 millones de habitantes

Agua subterranea o superficial transportada al
lugar del sondeo por camion

El agua se almacena en tanques o en balsas




Porcentaje de agua, sustancias quimicas y solidos

/——-\\ Sand

Breaker
Proppant Scale Inhibitor
Surfactant




TABLE 4. AN EXAMPLE OF THE VOLUMETRIC COMPOSITION OF HYDRAULIC FRACTURING FLUID

Component/
Additive Type

Example
Compound(s)

Purpose

Percent
Composition
(by Volume)

Volume of
Chemical
(Gallons)®

Water

Deliver proppant

20

2,700,000

Proppant

Silica, quartz sand

Keep fractures open to allow
gas flow out

9.51

285,300

Acid

Hydrochloric acid

Dissolve minerals, initiate
cracks in the rock

0.123

3,690

Friction reducer

Polyacrylamide,
mineral oil

Minimize friction between fluid
and the pipe

0.088

2,640

Surfactant

Isopropanol

Increase the viscosity of the
fluid

0.085

2,530

Potassium
chloride

Create a brine carrier fluid

0.0&

1,800

Gelling agent

Guar gum,
hydroxyethyl cellulose

Thickens the fluid to suspend
the proppant

0.056

1,680

Scale inhibitor

Ethylene glycol

Prevent scale deposits in the
pipe

0.043

1,290

pH adjusting agent

Sodium or potassium
carbonate

Maintain the effectiveness of
other components

0.011

330

Breaker

Ammonium persulfate

Allow delayed breakdown of
the gel

0.01

300

Crosslinker

Borate salts

Maintain fluid viscosity as
temperature increases

0.007

210

Iron control

Citric acid

Prevent precipitation of metal
oxides

0.004

120

Corrosion inhibitor

N,n-dimethyl
formamide

Prevent pipe corrosion

0.002

&0

Biocide

Glutaraldehyde

Eliminate bacteria

0.001

30

Ingredientes quimicos de un fluido de fracturacion

GCWP and ALL Consulting,

2009




Curva tipica de declino de la produccion
del “shale gas” en los EE.UU

Typical Production Decline Curve US Shale Gas

La extraccion de gas
convencional es
siempre economicaly
energéticamente mas
rentable que la de
“shale gas*
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Impacto de la ocupacion en superficie

Barnett Shale Play, Fort Worth Basin, Texas
T e 104 1

Ft. Worth Basin

A Fef

Swrface Locations of Barnett Shale Wells (Welll Coum)
Gas, Horizonial {5, 500
Gas, Verdcal {4,317
W, Heritentel (1) | Jonah Gas Field, Pinedale, WY
O, Vertical (304 1

Wajor Teclonk: Featunes

e i, THruest it (Triamgles on upper plabe )

s w Reyerse Faut (Rectangies on uphnosn biock )
Wrban Areas

) i of Bammaets Shaids in FL Worth Basin

e

Sowrce: US Energy Infarmaion Administration based on data from HFDI, USGE, Pollastns =t al (2007)
Updated: May 31, 2011




Ocupacion del terreno - plataformas multi-pozos
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Porter Bennett (2011): The US Natural Gas Revolution: Technology Transforms A Market. #40763.
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El desarrollo de las tecnicas de perforacion dirigida,

ha permitido perforar en zonas altamente pobladas,

alcanzando multiples objetivos distantes, desde un
mismo emplazamiento en superficie

The Barnett Shale underlies much of the Dallas/Ft. Worth area.

Carrizo O&G drilling 24 hz §
laterals from a single pad

at UT Arlington. Royalties
worth ~$105 MM @ $5/Mcf.

Source : Carrizo
23
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A survey of earthquakes and injection well locations

in the Bamett Shale, Texas

CLier FroriicH, University of Texas at Austin




. Método intrinsecamente malo o malas practicas?
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The _
Economist

>t This house believes
that the benefits derived
from shale gas ocoutweigh
the drawbacks of
hydraulic fracturing

AGREE 49%

“Energy is a fundamental service

needed for daily living. Lack of access to
fuel is a key driver of poverty and premature
mortality. But as essential as energy

isto human develocpment, the reality is
that all forms of energy production have
environmental consequences.”

A my Myers Jaffe

Voting at a glance A o i

40% | 41% | 44% || 4l 47% | 4a7% | 4 45% || 46% | a9%

| | i { ! i ] |
| | |

e e | W | | N | T = i - i e ]
SO% | 88% | s59% sew, Sa%  s3% saw | 5a% - s 54% S

DAY o1 o2 o3 o4 o5 a6 a7 a3 ) 10

To read all statements and comments from the debate in full,

go to http://vwww.economist.com/debate/overview /246

Supported by:

The
Economist

This house believes
that the benefits derived
from shale gas outweigh
the drawbacks of
hydraulic fracturing

DISAGREE 519%

“Fracking currently enjoys exemptions
from parts of at least seven major

national statutes, including the Clean Air
Act, Clean Water Act and Safe Drinking
Water Act. If fracking is so safe, why can’t
the industry be held to the same standards
as everyone else?”

Michael Brune

Voting at a glance

Caoel s gaen L aGts U 4B% L 47% L arve | aes

So% et 59% s6% 54% s3% | 53w || 4%

DAY o1 o2 a3 o4 os o6 o7 os ag 10

To read all stlatements and comments from the debate in tull,
go Lo http://www.economist.com/debate/overview /246

Supported by:

Statoil
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AlIE, WEO 2012 : 4 nuevas Arabias Sauditas en 7 anos!

El incremento neto de la produccion mundial de petroleo debera ser
cubierto casi en su totalidad por petroleo no convencional y por LNG

100 + L
E m - BB B Processing gains
c 90- oI o
_— B Light tight oil
80_ [ ]
X e Other unconventional ol
60- N ._I NLs
50 1 Crude oil:
40 1 B Fields yet-to-be found
30 Fields yet-to-be developed
20 -
B Currently producing
10 -
0-

2000 2005 2011 2015 2020 2025 2030 2035



Variaciones en la produccion de petréoleo 2011-2035

Iraq

Brazil

Canada
Kazakhstan
Saudi Arabia
United States
Venezuela
Kuwait

United Arab Emirates
Angola
Malaysia
Mexico
Argentina
Oman

United Kingdom
Norway

Russia

China

Crude oil

B Light tight oil

Other unconventional oil

B NGLs
iEncomendados a Irak!

De largo, el mayor contribuyente al futuro
crecimiento de la oferta mundial

Un proveedor clave paralos mercados
asiaticos, especialmente de China, y el
segundo exportador mundial a partir de la
primera mitad los treinta, superando a Rusia.

Sin el aumento de la oferta iraqui, los mercados
se enfrentarian a tiempos dificiles, con unos
precios del barril que en 2035 serian casi 15

dbélares mas altos que los previstos

3 4 5 6
mb/d

Note: Libya also has a large increase in oil production between 2011 and 2035, as 2011 production was

exceptionally low due to the conflict.



KAL's cartoon, The Economist, 5th August 2010




Demanda mundial de petréleo y precios del crudo de

Importacion de |la IEA por escenario

Oil demand:

- Current Policies
Scenario

== New Policies

Scenario
=450 Scenario
- 150 5
a Oil price (right axis):
100 E === Current Policies
P Scenario
; 150 @ === New Policies
[ S, T " Scenario
’ @
50 T | T T | T T T T T 0‘ =D .- 450 Scenariﬂ
1980 1990 2000 2010 2020 20302035 °©
* Average |EA crude oil import price. Precios nominales 2020: 157, 147, 139

Precios nominales 2035: 250, 215, 177



How resilient 1s
your country?

Extreme events are on the rise. Governments must implement national and
integrated risk-management strategies, says Erwann Michel-Kerjan.

Nature, 22-11-2012



El resurgimiento de la - -\ Ti_, Stre /fg‘ m
/ ; T :

produccion de petroleo y ' THEINTERNMIDNALUIL&GASNEWS’ ER </
gas en los EE.UU. a AR o -
partir de fuentes no ' - . 5 SR TS O
convencionales podria
redibujar el mapa
energético global

El repunte de la produccién
de petréleo y gas en EE.UU.,
basado en el light tight oil y el
shale gas, no solo esta
Impulsando la actividad
economica -abaratando los
precios del gas y de la
electricidad, con la
consiguiente mejora de la
competitividad de la industria-
sino que tambiéen esta
transformando el papel de = .,
Norteamérica en el comercio ese. =

mundial de la energia Changlngthe game




AlE, WEO 2012 : produccion de petréoleo USA

“Lajorobadel LTO”

g 12° B Light tight oi
S Other unconventional oil
10 NGLs
Crude oil:

B Fields yet-to-be found
Fields yet-to-be developed
B Currently producing

“under the right conditions”
Estados Unidos se
convierte hacia 2020 en el
mayor productor mundial de
petréleo, desplazando
temporalmente, hasta
mediados de la década de
los veinte, a Arabia Saudi.

0
1980 1990 2000 2010 2020 2030 2035

Note: The World Energy Model supply model starts producing yet-to-find oil after it has put all yet-to-
develop fields into production. In reality, some yet-to-find fields would start production earlier than shown
in the figure.



AlE, WEO : produccion de gas no convencional (2035)

0% 15% 30% 45% 60% 75% 90%

United States e Shale
China q B 0 B Coalbed methane
Canada ¢
. N B Tight
Australia | |G 0
india | ] o ¢ Share of
] unconventional
Hu§5|a - in total production
Argentina | [ O (top axis)
Mexico | |} o
Indonesia | o
Algeria ¢
European Union - | ¢

0 100 200 300 400 500 600
bcm



2010

Flujos netos comerciales de gas natural (bcm)

2020 n 2035

OECD North America
Latin America

OECD Europe
B Eastern Europe/Eurasia
Africa

Middle East

India
China

OECD Asia
Other Asia
B 0:CD Oceania




AlE, WEO 2012 : autosuficiencia energética neta

2010
United Statesl B 2035
EE.UU., que hoy importa
Japan el 20% de su demanda

total de energia, se

convierte hacia 2030 en

European Union practicamente

autosuficiente, lo que
. supone una diferencia
India radical respecto a la
- tendencia prevista para el
resto de los paises que

Cina actualmente son
_ importadores de energia.
AOEAN —
0% 20% 40% 60% 80% 100% 120%

Note: Self-sufficiency is calculated as indigenous energy production (including nuclear power) divided by
total primary energy demand.



. dependencia de las importaciones de petroleo y gas

100% -

Japan & Korea

@ ¢ 2010
N 4
80% - European Union{; & 2035
60% - ¢
g 4
40% - China ™" ..+¥ 0"_,..7
20% - et et i
United States 0‘
U% T ‘ 4,.-1"" axst T T 1
i""
-20% . ‘“"'i‘.ﬂ'
-40Y% - ’ " ASEAN
-60% -
0% 20% 40% 60% 80% 100%
Qil

Note: Import dependency is calculated as net imports divided by primary demand for each fuel.



Gastos en importaciones de combustibles fosiles

B Coal

an

=

=
L

Gas
500 A [ ] B oil

400 4 N
300 1

Billion dollars (2011)

200 -
100 -

-100 -

2000 2011 2035 | 2000 2011 2035 | 2000 2011 2035 | 2000 2011 2035 | 2000 2011 2035
United States | [[European Unionl Japan China India




I The great divergence

Gas prices, $ per million Btu

=== | NG Japan cif Average German Heren NBP Henry Hub
import price index*

2000 01 02 03 04 05 O6 O/ 08 09 10 11 12

Sources: BP; ICIS Heren *European spot price






I Boon or curse?

| Shale-gas hasins

NETHER-
LANDS

Source: International Energy Agency



Shale gas en Europa: evolucidon mas que revolucion

Geology and resource potential

Environmental and social factors

Fiscal and regulatory regimes

Energy prices

Gas demand

Infrastructure and service
capabilities

Source: Ernst & Young analysis

Evolution

Disappointing well results

Reserves found to be uneconomical to
develop

Unsustainable production rates

Results of studies into environmental
impacts lead to restrictions/bans on use
of fracking

Increased public pressure on
governments to halt development
activity until impact is known

Potential EU-wide regulations on shale
gas development

Inclusion of shale gas in EU fuel quality
and emissions legislation

Competition from LNG and pipeline gas
from Russia and the Caspian region

Limited spot market liquidity

Slower growth due to measures to
support development of low-carbon
economy

Weaker Eurozone economy

Limited supply of suitable equipment or
skilled personnel

Lack of funds available to invest in new
gas supply infrastructure

Revolution

Early exploration success

Reserves potential proven to be greater
than expected

Rapid ramp-up in production

Studies show that fracking is safe to
public health and the environment

Public desire for lower energy prices

Incentives provided by individual
countries to shale gas developers

Expedited approvals process for
developments

Government support for shale gas R&D

Deregulation of gas markets

Long-term, oil-indexed contracts not
renewed

Improved interconnectivity between
markets

Increased demand for gas as a fuel for
power generation

Gas positioned as a transition fuel to a
low-carbon economy

Qilfield service industry is fast to adapt
to industry needs

Technology developments that drive
down costs
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My concept of reservoirs has
complately changead. ™

an engineer say

these words
— last summer,
while attending a
technical conferanca
of geclogists and
angineers —and
he was refaring to
the rapidly evolving
concepts of resenairs
generated from shale gas reservoir
research,

At the time it struck me that it was very
unusual for an enginasr to say this becauss,
in my experience, enginesars are somatimas
more resistant to change than geologists.

Thinking of shales {or mare corractly,
mudstones) as resenvoirs, however, is an
example of a signifizant evolution of thinking
—a progression also known as a paradigm
shift.

For example, geclogists of my
generation learned that shales can act as
source rocks when they contain abundant
organic matter and as seals when they
cover porous and permeable sandstonas or
carbonates.

Thinking of a shale as a reservair, then,
is a sometimes-difficut paradigm shift for
geologists of my age.

I actually heard

BEAUMONT

Paradigm shifts acour from time to time
—and, clearly, they can profoundly affect
how patroleun geologists work, Exploring
for gas shales, oily source rocks or tight
oil resaroirs is profoundly differant than

Preferred Trap Type Structural
Common Reservoir Sandstones and
Lithology Carbonates
Reservoir Permeability Millidarcies
Aerial Trap Size Small
Geological Risk High

Drilling Risk High

Well Type Vertical
Completion Expense  Low

Stratigraphic

Shales, Tight Sandstones
and Tight Carbonates

Nanodarcies
Huge

Low

Low

Horizontal

High

This table compares conventional expleration plays to uncenventional plays.

axploring for more conventional ressnvairs,

The accompanying table comparas
convertional exploration plays o
unconventional plays —and as the table
shows, exploring for shale gas, shale il
or tight il reservoirs requires a different
mindset.

Trap areas can cover many thausands
of square miles or square kilometers;
permeabilty is measured in nanodarcys
- one billionth of a darcy - and the limit of
permeability is determined by the size of the
pore throats and the size of the molecules
that can flow through them.

Mot kong ago, petroleum geologists
were confrortad by ancther nor-geclodic
paradigm shift - using personal computers
o manage and map geologic data, Inthe
years since we first started using them,
parsonal computars allowead patroleurn

geologists to be much more productive,
One gaologist now doeswhat it used to
require sevaral geologists to do. Today,
geologists work with mare information and
process it much more rapidly:

Some geclogists, however, refused to
make the fransition to using computers
to do geclogy. Those geologists are
raretoday and prabably don't wark in
larger companies! Using computers is
nct absolutaly necessary but it is hard o
imagine being competitive and surviving
without them.

There are other examples: Sequence
stratigraphy, for example, was a
revolutionary method for interpreting
patterns of strata caused by sea level
fluctuation and basin tectonics. It crested
a prodigious lexicon of “seg-speak” — and
inevitably left non-adopters in its wake.

To survive and prosper, geclogists must
avolve along with our science, We nead
to learn more about source rocks - for
example, what is the relationship of pore
creation to kerogen maturation.

The investigation of tight rocks is baing
achieved by technology we nead 1o
embrace: pulse decay perm, high resolution
CT szcanning and ion-milled samples with
SEM imagery, for example,

We also nead to learn more about
completion technology, something that anly
engineers worrisd about in the not-tco-
distant past.

AARPG provides information to help you
avolve and you should take advantage of
that information. | suggest that during the
coming year you considar:

b Attendcing an AAPG conferance or a
Geoscience Technology Workshop.

» Taking an AAPG schoal or anline
training course,

b Really reading the AAPG BULLETIN or
the EXPLORER.

¥ Surfing Search and Discovery or AAPG
Datapages.

Faradigm shifts require a response from
us. Wia can refuse to learn about them and
hecome extinct, or we can let our concepts
and approaches evolve, allowing us to
survive and thrive,

(Spacial thanks to AAPG mamber John
McLood, senior gaologist for SM Enargy
Company in Tulsa, for his ideas and edits for
this column.)
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Beyond the United States

Ourtside the US, the development of shale
oil is srill at an early stage. However, there
are indicarions thart poinr to large amounts
of technically recoverable resources
distribured globally.

Global shale oil resources are estimared at
berween 330 billion and 1,465 billion barrels*.

Investment is alreadv underway to characterise,

quanrify and develop shale oil resources
ourside the US, for example, in Argenrina,
Russia and China®.

Since the beginning of 2012, there have been
a number of announcements, from Argentina
to New Zealand, of discoveries of shale oil
resources as well as governmenr iniriacives
to encourage the exploration and production
of shale oil (see Map 1).

October 2012

Operators apply for licences
to export shale oil from US

October 2012

Mexico plans to invest in
£242m project o assess
non-conventional energy
potential

October 2012
International oil company
acquires righes to explore rwo
blocks in Columbia thought to
contain shale oil

4. "A review of uncertaintisz in estimates of global oil rezources”, McGlade, C.E., UCL Enargy Instituts
5. International Gas Report, Dow Jones, SeeMews, Diamond Gasz Report. Platta, Matural Gaa Intelligencs. EFE. APS Raview, Upstream . Oil and Gaa news. Oil Daily, Financial Times

4

Shale cil - February 2013

<7 September 2012
Z:: Two firms achieve
positive results from test
wells in Northern Alaslca

September 2012
Nartional oil company
signs agreement with
inrernarional oil company
ro explore and develop
shale oil in Vaca Muerta,
Argentina




Map 1. Shale cil investment is global
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October 2012

Russia plans zero extraction tax
for a greater range of shale oil
reserves

April 2012

One of China's national il
companies engages in talls with
international firms to jointly
explore shale oil reserves

October 2012

One of Japan's oil companies
recovers small amount of crude
oil in shale oil testing

July 2012

A nartional oil company enters
race to develop Australian shale
oil plays

September 2012
New Zealand government
encourages shale oil exploration

January 2013

Australian energy company
announces discovery of 233 bn
bbls of shale oil resources

Source: PwG reaearch

Shale oil — February 2012
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¢, Hay objetivos de “shale gas”
en los permisos concedidos- _
solicitados?
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Extraccion econdOmica de “shale gas”: requisitos

> 2% TOC
Kerdgeno tipo Il, Ill o ambos (“gas prone™)
1,35<R0<3 (“dry gas™)
Potencias mayores a 20-30 metros (para poder perforar correctamente)
Extension-continuidad lateral: kilometros
Profundidad objetivo entre 1.000 y 4.000 metros
Porosidad, permeabilidad y fracturacion de laroca, adecuadas
Mineralogia adecuada:
e Cuarzo: 50-70% (favorece FH)
o Arcilla: 30-50% (dificulta FH)
« Carbonatos: Muy pocos (dificulta FH)
Sobrepresion (“ove rpressure”)
Disponibilidad de agua
Factores medioambientales
Factores comerciales y logisticos
Factores regulatorios y politicos
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ACEPTABILIDAD DE UN PROYECTO
3 condiciones necesarias 3

Evaluacion téecnica
numeros, datos y hechos
expertos, instituciones cientificas...

Gestion
autorizaciones, regulaciones
Administraciones, empresas...

Argumentos y demandas sociales
opinion y preocupaciones ciudadanas
Instituciones, administraciones, grupos de interes...




Energia = infraestructura
Infraestructura = agravio-indignacion
Gestion de un proyecto = incluye gestionar la indignacion

BJAYD.
Decide, Announce, Defend

VS

MUM
Meet, Understand, Make a Decission




Catalunya y los hidrocarburos, 2009
72,4% de la energia primaria que entro en el sistema

Carbo
136,6 ktep
0,6%

Renovables
993.4 ktep
4,1%




Catalunya y los hidrocarburos, 2009
70,4% de la energia final lista para el consumo

Renovables
31,3 ktep

E k=1 I
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Generacion NIMBY

Not In My Back Yard - No en mi patio

Si Dificultad

alos Movilizaciones de gestion

servicios sociales para la
administracion

\

|
¢ Aplicacion de un principio de precaucion legitimo?
¢ Sintoma de una sociedad del bienestar “esquizofrenica”?

ne A r G



Politica energética: equilibrio entre las 3 “es”

Integrar la politica energética con las politicas econdmicas,
ambientales, de seguridad, asuntos exteriores y de I+D

Incentivos
Disuasion
Ecologia Costes integros Economia




iMuchas gracias por su atencion!




