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En su ultimo informe, "World Energy Outlook 2006"
(WEO 2006), la Agencia Internacional de la Energia

presenta un panorama preocupante sobre el futuro
energético global.

En palabras de su director ejecutivo, Claude Mandil,
el mundo encara un mahana
en el que los paises consumidores serdn cada vez mas
vulnerables a

al mismo tiempo que se acelerardn




Mix de e. primarias en la demanda mundial
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Demanda mundial de e. primarias por region
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Inversion acumulada en infraestructuras

energéticas por combustible y actividad
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Total investment = $20.2 trillion (in year-2005 dollars)



Precio promedio del crudo de importacion de la IEA
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Relacion entre precios del gas y del petroleo
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¢En que situacién de partida se encuentra la
industria petrolera para hacer frente al desafio
planteado por el crecimiento de la demanda?
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he road from old to new energy
souress can be bumpw, but the tansi-
tions have gone prety smaoothly in
the past. After millennia of depend-
ence on wood, society added coal and gravity-
driven water to the energy mix. Industrializa-
tion took of £ Oil ardved, and transportation by
Land and air soared with hacdly a worry about
whete the next log o lump of coal was coming
from, or what the explosive growth in enemgy
production might be doing to the world
Times have changed. The price ofoil has
been climbing, and ice is meling around both
poles as the mercury inthe global thermometer
rises, Whether the next big energy tansition
will be as smooth as past ones will depend in
large part on thiee sets ofquestions: When will
waorld oil production peak? How sensitive is
Earth’s climate to the carbon dioxide we are
pouring into the atmosphere by burning fossil
fuels? And will alternative energy sources be
available at reasonable costs? The answers rest
on science and technology, but how society
responds will be firmly in the real of politics.
There is little disagreenent that the world
will soon be running short of oil. The debate is
over how soon. Global demand for oil has
been rising at 1% or 2% each vear, and we are
now sucking almost 1000 barels of oil fom
the ground every second. Pessinuists—mostly
former oil company geologisls—expect oil
production 1o peak very soon. They point o
American geologist M. King Hubberts suc-
cessful 1956 prediction of the 1970 peak in
U8, production. Using the same method
involving records of past production and dis-
coveries, they predict a wodd oil peak by the
end of the decade. Optimists—mostly
rEsoUree econonists—argue that oil produc-
tion depends more on economics and politics
than on how much happens to be inthe
ground. Technological innovation will inter-
vene, and production will continue 1o rise,
they sa el 50, mideentury is about as faras
anvong is willing 1o push the peak. That’s still
“soon” considering that the United States, for
oneg, will need to begin replacing oil’s 40%
contribution 1o its energy consumplion by
then. And as concerns about climate change

intensify, the transition 1o nonfossil fuels
cotld become even more urgent (see p 100).

If ol supplies do peak soon or dimate con-
cerns prompl a major shift away from fossil
fuels, plenty ol aliernative energy supplies are
waiting in the wings. The sun hathes Earths
surface with 86,000 trilion watts, or temwatts,
ofenergy at all times, abow 6600 times the
amount used by all humans on the planst each
vear. Wind biomass, and nuclear powerare also
plentifiul. And there is no shotage of opporiu-
nities for using energy more efficiently.

Of course, allzrnative energ
have their issues. Muclear fission supporters
have never found a noncontroversial solution
for disposing of long-lived radicactive
wastes, and concerns over liability and capi-
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WHAT DoN'T WE KnNow?

tal costs are scaring utility companies off.,
Renewable energy sources are diffuse, mak-
ing it difficult and expensive to corral
enough power from them at cheap prices. So
far, wind is leading the way with a global
installed capacity of more than 40 billion
walls, of gigawatts, providing electricity for
about 4.5 cents per kilowatt hour,

That sounds good, but the scale of renew-
able energy is still very small when compared
to Bossil flel use. In the United States, renew-
ables aceount for just &3 ofoverll enanry pro-
duetion. And, with global energy demand
expected to grow from approximately 13 tem-
walls a vear now 1o somewhere between
30 and e0terawatts by the middle of
this century, use of renewables

What Can Replace
Cheap Oil—and When

will have to expand enormously o dis-
place current sources and have a significant
impact o the world’s future enengy needs.

What needs to happen for that totake place?
Using energy more eflicienly is likely 1o be the
sine qua non of energy planning—not least 1o
buy time for efliciency improvements in alter-
native energy. The st of solar electric power
maulules has already dropped two orders of
magnitude over the last 30 vears. And most
experts figure the price needs to drop 100-fold
again before solar energy systems will be
widely adopted, Advances in nanotechnology
may help by providing novel semiconductor
systems 1o boost the efliciency of solar energy
collectors and perhaps produce chemical fuels
ditectly from sunlight, CO 4, and water.

But whether these will come intime 1o
avoil an energy crunch depends in part on how
high a prioty we give energy résearch and
development. And it will require a global polit-
ical consensus on what the science is telling us.

=RicHaro A. Kenn aND Roserr F. Service

& following six mathematics questions are drawn
from a list of seven outstanding problems selected
by the Clay Mathematics Institute. (The seventh

problem is discussed on p. 96.) For more details, go to
www.claymath.org/millennium.

s there a simple test for deter-
mining whether an elliptic
curve has an infinite numbar of
rational solutions?

Equations of the form y2 = x3 + ax
+ hyare powerful miathematical
tools. The Birch and Swinmerton-
Dyer con ecture tells how to
determine how many okt lns
they have in the realm of rat onal
b ers— infio et bom that cou ld
solve & host of problems, If the
conjecture i5 troe.

continued >>

Can a8 Hodge cycle be writien as
8 sum of algebrafic cycles?

Two useful mat hematical struc-
tures arose independently In geom-
etry and in abstract algebra. The
Hodge conjectune poaita & surpris-
ing link between them, but the
bridge remaing to be bullt.

wewsciencemag.org  SCIENCE VOL 305
FPuilished by AdA S
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Problemas en “upstream” y “"downstream”

EL CIRCULO
DEL
MERCADO
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Descubrimientos de petrdleo y gas y nimero de
pozos de exploracion nuevos

Rebound in global

oil demand

Revolution in Iran 1991
2nd il shock Deep-water
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A pesar de la m'rensa achwdad explor'a‘ror'la y del empleo
de una tecnologia muy avanzada, encontrar nuevos campos
se ha convertido en una tarea cada vez mas complicada y
los que se encuem‘r'an son mas pequenos y de peor calldad :

Ademas los costes para hallar' y desar'r'ollar' nuevas
reservas se estan disparando. Esta tendencia no resulta
sorprendente si se tiene en cuenta que cada vez se explora
en regiones mds remotas, bajo condiciones mas adversas y
los objetivos son mds pequefios y menos prolificos.
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Estamos viviendo de las joyas de la abuela...

y el agujero crece
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Ante la incapacidad de promover un “relevo

generacional”, muchos yacimientos han sido
sobrexplotados (AIE: declive 5-11% anual)

125

ExxonMobil: en 15 afios hay que desarrollar
1004 una nueva capacidad de extraccion igual
a la existente hoy
Victs -
50 4 E
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1971 1980 1990 2000 2010 2020 2030
Existing capacities B Development of existing reserves
Enhanced oil recoveries Non-conventional oil

M Development of new discoveries World Energy Outlook 2004



Lo mismo sucede para el gas natural

400

En los proximos veinticinco afios
se necesitard una nueva
capacidad extractiva de 7.3

300+ billones de metros ciibicos
(alrededor de 260.000 millones

g de metros clbicos por afio)

>~

:-_ Menos de un tercio de esta

3 200 1 nueva capacidad se destinard a

= cubrir la demanda creciente
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Expansion to meet demand growth M Replacement

IEA, WEO 2004




2000-2030: 3x10!2 US $ (E & P 70%)

United States and Canada e

7
Middle East e

Africa |

Russic |

Other OECD s
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Tankers and pipelines -

0 100 200 300 400 500 600
billion dollars (2000)

M Exploration and development = Non-conventional oil B Refining

World Energy Outlook 2004




Inversiones en gas natural, 2003-2030

United States and Canada
Other OECD

Russia

Other developing Asia

Las inversiones acumuladas hasta el

Middle East 2030 en infraestructuras gasistas han

sido estimadas en 2,7 billones o cerca

Latin America de 100.000 millones por afio hasta el

_ 2030

Africa

- : Mas de la mitad para la exploracion y

Other transition economies desarrollo de nuevos campos.

China
Shipping

O 100 200 300 400 500 600 700 800
billion $ (2000)

IEA, WEO 2004 [] Ups’rreom Downstream




Dependencia de las importaciones

2002 2010 2020 2030
OECD total 63 68 79 85
OECD North America 36 35 47 55
OECD Europe 54 68 8() 86
OECD Pacific 90 04 04 95
Developing Asia 43 59 72 78
11na . |
India 69 80 87 91
Other Asia 40 54 68 76
European Union 76 85 9] 94

Note: Imports include non-conventional oil. WEO 2004



Comercio mundial de petroleo (millones barriles/dia)

[ | OECD North America [ | OECD Europe [ | Tronsition economies [ OECD Pacific
] Lafin America [ Africa ] Middle East [ Developing Asia

WEO 2004 B3 Nt trade 2002 (2] Net trade 2030




No-OPEP: extraccion de crudo convencional y LGN
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OPEP vs No-OPEP

2000 2005 2015 2030

M Middle East OPEC crude* M Other OPEC crude*

Non-OPEC crude* Non-conventional oil

= OPEC market share

*Including NGLs.




Extraccion de crudo no convencional y consumo de
gas en Canada
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Dependencia de las importaciones de gas natural
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Gas Trade Grows Increasingly Significant

2010 2020 2030
I Total Regional Trade
-

| Net Exports, GCFD
Net Imports, GCFD & % Regional Demand

48 85 410 Russia/Caspian

18 36» 45
Total Europe
53% 65%170% 5 I I

North America '
10% 18%. 24%

34 52 62 Asia Pacific
9 18 26 9% 1 18% 21%

Africa ' |
16 21 25 Middle East

J|l1f.12131

Latin America 1. I | I
4 7 9

5 15 22




Comercio mundial de gas (10° metros cubicos)

b
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El creciente protagonismo del GNL
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Procedencia del GNL
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Flota de metaneros, 1965-2006
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Ingg'ﬁiriidumbrte_s geopoliticas




Réserves mondiales prouvees de pétrole brut (1¢* janvier 2004)
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Reserves mondiales prouvees de gaz naturel (1¢ janvier 2003)
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"Choke points”
El talon de Aquiles de Occidente




Reservas: IOC's vs NOC's

Figure 1: World oil reserves by company

bn boe

I [T ational Oil Company
PN Twait Petroleum Corporation
B | ational Iranian 01l Company
I Fetroleos de Venezulea

Abu Dhabi National 0il Company
Petraleos Mexicanos

National 0il Corporation (Libya)
Nigerian National Petroleum Corporation
Luknil (Russia)

Yukos (Russia)

ExxonMobil

PetroChina

Royal Dutch Shell

Sonatrach (Algeria)

Petrobras (Brazil)

Pertamina (Indonesia)

BP

Sidanco (Russia)

Gazprom (Russia)

O EEEEEEEEEE

50 100 150 200 250

Source: Wood Mackenzie

300

Figure 2: World gas reserves by company
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Biilions of Oil-Equivalent Barrels / US Dollars

Discovearsed
Gas Volumes

Discoversd
Oll Yolumes

—— ——— . ptint -
0

1900 1920 1940 2000

US Dominatad Global OPEC! Globaltzation/
Exploration Expanslon Nationallzation Margers
Visualization
3D Seismic
Seaps, surface exploration

Precios mas altos = mas descubrimientos?
Longwell, H.J., CEO ExxonMobil, 2002




USGS: 25% of the world’s
undiscovered resources to be
found in the Arctic

Rest of
the
world

N.Africa,
Casplan,
M.East

Source: USGS, Statoil



Fiscal & Contractual Conditions

o : L S

Prospective, actively seeking investment with low tax rates
Prospective, seeking investment but with high tax rates and regulation

B Low Prospectivity, but actively seeking investment with low tax rates
B Low Prospectivity, and non-competitive fiscal terms, or unfavourable contract environme
Very Low Prospectivity, no significant opportunity
I Fiscall/Legal instability, or policies which deter investment
Closed to foreign investors

2%
All content © 2004 IHS Enerey fﬁ IHS ENERGY




Chinese and Indian NOC's
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“‘peak oil”
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Disponibilidad de reservas y recursos
Cociente ente reservas y “produccion” (R/P)

R/P sugiere que no R/P Petréleo = 40 afios

habra pr°b|ema.s, R/P Gas natural = 60 afos
hasta la extraccion

de la dltima gota R/P Carbén = 210 afios
de liquido o gas.
R/P no tiene ningin
valor técnico

QECD Former Soviet Union EMEs excl. Former Soviet Union

Qil M Natural gas M Coal

The world's reserves-to-production ratio for coal is nearly six times that for cil and four times that for natural gas. Coal’s dominance in R/F ratio terms is
particularly pronounced in the OECD and the Former Soviet Union.




Extraer el petrdleo es como extraer el café que
impregna un terron de azicar

" D RRAERYTIER -

primero se extrae lo fraccion que fluye mds fdcilmente
(crudos menos viscosos y de buena calidad)...

Vel  ABCEENE N e Aaml .

para el final va quedando lo peor (mayor viscosidad)
— : :
S ek (WA WS

cevolucion extraccion con el tiempo?




La curva de Hubbert.

5.0- Already produced Future production
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El caso de los EUA (lower 48) es muy significativo
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Para algunos el cenit de la extraccion mundial
estd a la vuelta de la esquina...

OIL AND GAS LIQUIDS
2004 Scenario
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Otros (USGS) lo situan entre el 2030-2050

Annual Production Scenarios for the Mean Resource Estimate
and Different Growth Rates (Decline R/P = 10)

70 |
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USGS (95%, 50% y 5%) contra casi todos...

Published Estimates of World Oil Ultimate Recovery

B USGS 5% 2000

B USGS Mean 2000
B USGS 95% 2000
O Campbell 1995

B Masters 1994

O Campbell 1992

B Bookout 1989

B Masters 1987

O Martin 1984

O Nehring 1982

M Halbouty 1981

O Meyerhoff 1979

O Nehring 1978

B Nelson 1977

B Folinsbee 1976

B Adams & Kirby 1975
OLinden 1973
OMoody 1972
OMoody 1970

O Shell 1968

B Weeks 1959

M MacNaughton 1953
B Weeks 1948

B Pratt 1942

Source: USGS and Colin Campbell
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TRENDLINES PEAK OIL DEPLETION SCENARIOS 2006

MBD | rOMPILED BY FREDDY HUTTER = WWW.TRENDLINES.CA
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Proactive Response
Government, Society,

4 Energy Technology & Markets
Scenarios A
“Lean Economy” “Techno-Markets”
aka “Powerdown” aka “Sustainable Development”
Rapid Slow
Depletion <€ > Depletion
and/or early and/or later
eakin eakin
P J “Collapse” “Burnout” P J
aka “Mad Max” aka “Climate Chaos”
aka “90s Cuba/Russia” aka “Business as Usual”
\ 4

Reactive Response

Markets, Technology,
Society & Government

* per David Fleming



Hay que afrontar una nueva transicion energética

% primary energy renewables
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La regla de las 3 "es”

Incentivos
Disuasion
Costes integros
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