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What don’t we know?

SCIENCE, 1 July 2005, vol. 309

he road from old to new enercoy
soinoss can be burrge, but the tmasi-
tons have gone pretiy smoothly
the past. Afler millennia of depend-
ence on wordd, society added coal and goavity-
driven water o the enerey mix. Industrialica-
ticin took of T Ol arnved, and tmmspoetation by
land and air soared. with hardly asworry aboat
where the nexd bog o lumypof ooal was coning
frony, or what the explosive growth in enemey
production right be doing to the workd.
Times have changed. The pnoe of oil has
been climbing, and ice s meling arcund both
poles as the mercury in the global thermeonweter
rises. Whether the next big energy tmansition
willl he as simodsth as past ones wall deprend in
Lot gss prarct o thiee sets ofquestions:: When will
weorbd il production peak? How sensitive is
Earth’s climate 1o the carbon dioxide we are
ot ko the atinosprhens by burning fossil
fuels? Acnd will allernative energy sources be
available at reasonable costs” The answers rest
on science and technobowy, bul how society
responds will be firmly i the realm of politics,
There is little disagresinant that the weaorld
will soom be rurming short of oil. The dehade s
over how soon. Global demand for oil has
been rising at 196 or 2% each vear, and we are
naww sucking alimost HNHY barels of ol oo
the grouid every seoond. Pessimists—inostly
former oil company geologists—expect oil
production wy peak very scon. They parint o
Aomerican peolomist M. King Hubberts suc-
cessful E956 piediction of the 1970 peak in
LS. production. Using the same method
nrvalving reconds of past prodoaction and dis-
coveries, they predict a wodd oil peak by the
end of the decades. Oplimists—mosily
PESOUINGE Sooionnsts —aargne that il produc-
von depends maore on econonmics and politics
than on how muoch happens 1o be in the
eround. Technolozical mnovation wil | ter-
wene . and prodoction will contimoe to ri
thewysayv. Even so, nudoeentury is about as faras
anyong is willing 1o push the peak. That's still
“soon” considering that the United Siates, for
ong, will nead 1o begin replacing oil’s 2094
contribulon ta 118 energy oonsuimg o by
then. And as concerns aboul chmate change

intensify, the transition o noenfossil faels
would become even more urgenl (see . LI

If oil suprplies do peak soon o dieate o
cerns prompl a rmajor shifl svaw from fossil
s, plenty of allernative eneray supplies are
1 in tha wings, The sun bathes Earith’s
surfnee with 8o 00 trillbon walls, oF beimswalls,
ofenergy at all timies, abowt GO0 Limes the
amout used by all humans on the planet each
s, Wind bioomnass, and nockar poswer are also
L. Adud there s no shotags of opyprortu-
or using energy neone effcienth

Of course, allernative energy sources
hawe their issues. Nuclear Fission supporters
have never found a noncontroversial solution
isprosing of long-hwved radioactive
wasles, and concerns over lability and capi-
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tal costs are scaring ulility companies off.
Renswable enerpgy sources are dilfuse, mak-
inmg it difficult and expensive to corral
enoueh poswer froomn them at cheap prices. So
far, wind is leading the wav with a global
installed capacity of more than £40 killion
walls, oF wigmwalls, providing electricity for
about 4.5 cents per Kilowatt hour.

That sounds good but the scale of renew-
able enenery is sl very small when conmpared
1o foasil fiel use. In the Uinited States, ransw-
ables account forjust 626 ofovemll enenzwy pao-
duction . And, with global energy demand
expacted 1o groww from agproximatels 13 terme-
waalls a4 wvenr now 1o sameaew here between
A0 and G0 terawalts by the nriddle of
this century, use of renewables

What Can Replace
Cheap Oil—and When
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place current sources amd have a signi ficant
itngpract an the workds fiture enemey neaeds.

W hal neads tor hapygpren for that totake place?
Lis gz enenay nuwe efliciently is lilkely 1o be the
sine qua non of eneey planming—noot least o
by time for efliciency inyprovameants in alter-

mirdules has already dropped two orders of
magnitude over the last 30 vears. And most
expaerts foure the prace needs 1o drope 100-Told
again before solar energy svstems will be
widely adopted. Advances m nanotechinobogy
may help by proveding novel senmcondoctor
swstems o baost the eflfliciency of solr eneroy
colkctoss and perhaps produces chamical fuels
divectly fione sunlight, CO -, and water.

Bul wheiher these will come in lime o
anvoid an ensrey cranch depends in parct o hoswe
high a prionty we mive snergy research and
development. Aond it will require a global polin-
rcal codsensns on owhat the science is telling us.

=RicHano A Kerr ano Roserr F. Serwvice

native energy. The oost of sola clectris powwer
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Consum d'energia prima ria a Catalunya
Dades 2007 (ICAEN)

Altres Carbo
897,1 ktep * 303,9 ktep
3,3% < B 1,1%

Mon: 34%
Espanya (2008): 47,9%

Renovables




Catalunya: consum d'energia final
Dades 2007 (ICAEN)

Altres
149,7 ktep
0,9%

Mon: 42,6%
Espanya (2008): 47,9%

Renovables
2271 ktep
1,4%




Transport és practicament sinonim de petroli

World final energy consumption by fuel and sector
in the Reference Scenario

Other renewable!

L'Agéncia Internacional de I'Energia Biomass

(IEA, 2008) assenyala que al 2006 el Heat

94,5% de I'energia utilitzada
mundialment pel sector del transport
va ser aportada pels derivats del Gas
petroli. ol

M Electricity

H Coal

Els biocombustibles representaren el
1,1% i el 4,4% restant va provenir
‘ d'altres fonts.

2007 ‘ 2030
Transport

IEA, WEO 2009



Passenger light-duty vehicle fleet and ownership rates in key
regions in the Reference Scenario
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Previsions sobre la demanda global de petroli (2007  -2030).
Escenari de Referencia de la IEA (WEO, 2009)

Table 1.3 e Primary oil demand* by region in the Reference Scenario (mb/d)

1980 2000 2008 2015 2030  2008-2030**

OECD 43 447 3.2 412 40.1 -0.3% ES preveu

North America 20.8 229 22.8 22.2 21.8 -0.2%

que la demanda de petroli
Europe 14.4 136 13.0 122 12.0 0.4 (exc'oent els

Pacific 6.1 8.2 7.4 6.8 6.2 -0.8%

biocombustibles )
A, S e P creixi anualment un 1%,
de 85,2 milions de batrrils

Asia 4.4 1.2 15.8 19.6 30.7 3.0%

China 1.9 4.6 7.7 10.4 16.3 3.5% diarls (mbd ) aI 2007,
- a 105,2 mbd al 2030.

1.1 3.0 35 3.8 5.3 1.8%
Middle East 1.9 4.5 6.4 7.6 9.9 2.1%
Africa 12 22 29 2.9 3.7 1.1%

Latin America 3.4 4.5 5.3 5.4 6.6 1.0% Si eS ConSideren

Brazil 1.3 1.9 2.0 2.1 2.8 1.4% b b H b

International bunkers*** 3.4 5.2 6.5 7.0 8.9 1.5% eIS Iocom U Stl IeS
- T B -que evolucionarien
uropean Union n.a. . . . . -0.

* Excludes bicfuels demand, which is projected to rise from 0.8 mb/d in 2008 to 1.6 mb/d in 2015 and to . d e O 1 8 m bd aI 2008’
27 mb/d in 2030 fins a 2,7 mbd al 2030-

" Compound average annual growth rate.

;”;:::lt::geizinn:le:\la:li?nat marine and aviation fuel. In previous WEQs, international aviation fuel was included Ia d e mand a total d e | I,q u I d S
pujaria a 107,9 mbd

4. Preliminary data on total oil demand only are available for 2008 by region (the sectoral breakdown
is available for 2007). Oil does not include biofuels derived from biomass. For this reason, and because
of methodological differences, the oil projections in this report are not directly comparable with those
published in the [EA’s Oil Market Report.




Els paisos aliens a 'OCDE, especialment els d'Asia i Orient
Mitja, absorbiran la totalitat de l'increment de la demanda de
petroli previst per a les proximes dos decades. El 97%
d'aquest increment provindra del sector del transpor t.

Change in primary oil demand by region and sector in the

Reference Scenario, 2007-2030

China

India

Middle East

Other Asia

Latin America
Africa

E. Europe/Eurasia
OECD Europe

OECD Pacific

OECD North America

M Transport
Non-energy use
M Industry
Power generation

M Other*

I I I
100 200 300
* Includes residential, services, agriculture and other energy sectors.

IEA, WEO 2009
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Les xifres sobre recursos i reserves son dispars | no hi ha
consens. No obstant aixo, aquestes xifres permeten suposar
gue les limitacions geologiques no constitueixen el major

desafiaments a afrontar en un futur immediat

El problema no és a la béta sino a l'aixeta !




A més de coneixer la disponibilitat de recursos i r eserves,
resulta fonamental coneixer si la transformacio d'aq uests en

fluxos productius es realitzara a la velocitat neces saria per

cobrir la demanda projectada

En relacié amb aquesta
questio, el
National Petroleum
Council ens avisa d'una
realitat preocupant:

«el mén no
s'esta quedant sense
recursos fossils, pero
I'augment continuat de

I'extraccio
de petroli a partir de
fonts convencionals
presenta cada vegada

MES riscos i
aquests constitueixen

un serios obstacle per a
assegurar la demanda a
mitja termini »

HAROTRUTHS

A comprehensive
view to 2030 of
alobal oil and
natural gas

2007

]

NATIONAL
PETROLEUM COUNCIL
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Riscos tecnics

Descobriments a la baixa.
Costos a l'alca.
e Nova produccio vs. declivi.
Carestia de personal
EROEI
Riscos geopolitics
Concentracio de les reserves i la produccio
Meés dependéncia de I'OPEP, Orient Mitja i RU  ssia
Conflictes, terrorisme (paisos d'origen i de transi t)
Grans inversions ¢a temps?
Petronacionalisme (limitacions al lliure mercat)
NOC's vs. I0OC's.

+

¥

-

-
-,
o .

A, -l

T -
q‘_\.zf‘“.. ]
.

s -
-

o B

L]

=5

N
¥ I‘g 2

11



IEA, WEO 2010 (NPS): no s'espera que en el periode 2010-

2035 la produccié mundial de crus convencionals supe r el
maxim de 70 mbd assolits el 2006 i aixo si ....

100 - Zenit de la producci6 de
T : )
~ petroli convencional al 2006 : :
-g / Unconventional oil
80 -

® Natural gas liquids

Crude oil:

60 fields yet to be found
Crude oil:

40 / fields yet to be developed
Crude oil:

20 currently producing fields

— Total crude oil
0

1990 1995 2000 2005 2010 2015 2020 2025 2030 2035




IEA, WEO 2010 (NPS): jmeés de tres noves

Arabia Saudita en 10 anys i mes de set a 25!

100 - Cenit de la produccién de
D petréleo convencional en 2006 —
ié - Unconventional oil
80 - ® Natural gas liquids
B Crude oil:
60 fields yet to be found
Crude ail:
40 fields yet to be developed
B Crude oil:

20 currently producing fields

— Total crude oil
0

1990 1995 2000 2005 2010 2015 2020 2025 2030 2035




El mon sera cada vegada mes dependent de les exporta  cions
de I'OPEP. Aixo implica la consolidacio d'un mercat
oligopolista, no competitiu, i un perill cert per a I'existencia
d'un «lliure mercat» del petroli

Oil production by source in the Reference Scenario

- 60% Il Unconventional

| 50y, M Other OPEC

Middle East OPEC
80 - 40%
@ Non-OPEC

60 - - 30%  — OPEC market share
(right axis)
40 - - 20%

20 - 10%

0 4 - 0%
2000 2008 2015 2030

Note: Excludes processing gains. Conventional oil includes crude oil, natural gas liquids (NGLs), extra heavy
oil from Venezuela and chemical additives.

IEA, WEO 2009
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Cobrir la demanda mundial de petroli prevista entre 2008 |
2030 requereix una inversio acumulada propera als 5, 9
bilions de dolars (del 2008)

Cumulative investment in energy-supply infrastructure
in the Reference Scenario, 2008-2030 (in year-2008 dollars)

Total investment = $25.6 trillion (2008)

Shipping— Coal 0il Transport 4%

14% Refining  17%

$0.7 trillion
Biofuels \3%
$0.2 trillion

1% ™

A\

15% 9%

$13.7 trillion Transmission
53% & 33%

. o
33% Distribution distribution

52%  Generation

AIE, WEO 2009
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El 75% de la inversio en E&P correspondria a paisos no-
OCDE i, en molts d'aquests, la mobilitzacio de lesin  versions
requerira superar moltes barreres legislatives, norm atives |
comercials (a mes dels riscos associats a la inesta  bilitat
politica, terrorisme i conflictes armats)

United States and Canada
Middle East

Africa

Russia

Other OECD

Latin America

Developing Asia

Other transition economies

Tankers and pipelines

100 200 300 400 500 600
billion dollars (2000)

M Exploration and development Non-conventional oil M Refining

IEA, WEO 2004
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“Petronacionalisme ”: NOC’s vs IOC’s
Els governs que tenen les reserves poden controlar
el ritme d’'inversié i d’extraccié segons els seus int eressos

Figure 1: World oil reserves by company
bn boe
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Figure 2: World gas reserves by company
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IEA, WEO 2010 (NPS): produccion mundial de petroleo por

tipo de compainia. jQue vienen las estatales!

o 1007 - 06w Nocs
E
Other
- - 667
. Share of NOCs
(right axis)
60 - - 620
40 - 58%
20 - - 54%
0 . . . ! ! 50%
2009 2015 2020 2025 2030 2035
Note: NOCs are national oil companies.
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“National Oil Companies” o
“State International Oil Companies™?

o '\ Vietnam
() Venezuela @ A &
) i ‘\ . r

Ry, o N N R
G, e .“\Q*w: gg%@:\
CA |

: Peru [ )« Brazl / N Indonesia —~~” o
Chinese companies O R i Anoia
operating overseas ) of
@ Indian companies R

operating overseas Nl

Chinese and Indian
company flashpoint area

Petroleum Economist

Namibla 7 Australla
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Previsions balanc oferta / demanda a llarg termini.

Dos grans grups de models

“Peaking forecasts” 100 “Quasi-linear forecasts”
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R. A. Kerr, Science, 20 November 2009, Vol. 326
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The Energy Outlook in 2030
According to Total

Jean-Jacques Mosconi
Vice President, Strategic Planning & Economic
Intelligence

Energy & Environment Press Seminar - June 2, 2008

21



La produccio de petroli s'estabilitzara
al voltants dels 95 Mb/d en 2020

Qil supply*

Condensate and LPG

80

Conventional crude oil

Developing extra-heavy oil requires substantial capital expenditure
and raises major environmental challenges

* Excluding biofuels, CTL, GTL.
6 Energy & Environment Press Seminar - June 2, 2008
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