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The oil reserves question: -
why is it so difficult to get a clear vision?

Whats peopler“can' see publishied informetion; el proven
reserves, Which S issan - economicalconcept; which therefore
chianges) withr changes: i technology: and il prices - IHEese are
thievisiblerpant offthe icenera

Whiaih G006 OirpEG R e CainN o SEEH Nter THENMGRIVISIBIEN palit Oi the
Icepergprer thiesalreadyAdiscoveredesources i placeron ohe
handitherultimaieesenves onrthe othiethand

Piscovered resources S ares o puBlisiedi s B couldsS e

estimatedl at 3,000 Ghbll el three times
e provenesenves o, 000NEh)]

Ultimate reserves! “todays (Estimateds 2000/20008 Gl are

two to three times therproven| resemes;
o around1,000/Ehi]

Figure 2 - The oil reserves question: why is it

so difficult to get a clear vision?

1999

Observing the proven reserves gives an impression
of growing abundance

1978 2000

Years of
consumption

Years of
consumption

@il\world reserves 30 40

Gasiworld reserves

@bsevinoithe visible part ol thelnceberg™ [eadsitorconclude)
theatwe iave plentiful and fast growing oil and gas resevesiand
that thereiisino problem

Tablel- Observing the proven reserves gives

an impression of growing abundance

Oil Supply Pessimism :
a long story of inaccurate predictions

‘... The peak of U.S. production will soon be past -
possibly within three years”

“...it is unsafe to rest in the assurance that plenty of
petroleum will be found in the future merely because it
has been in the past.”

“If petroleum is not there to begin with, all of the
human ingenuity that can be mustered into the service
of exploration cannot put it there...”

“... non-OPEC production in the longer term will at best
remain stagnant and is more likely to fall gradually due
to resource constraints.”

“Global production of conventional oil will begin to
decline sooner than most people think probably within
10 years”

Source : Daniel BUTLER, U.S. EIA/DOE AEO 2001 conference

Figure 3 - Oil Supply Pessimism : a long story

of inaccurate predictions

Observing the "non visible part of the iceberg”
gives radically different views

Ultimate world oil
conventior

Gbarrels 20/0/0)=c10]0]0) 2000i- 3000

Beetween| 19738 and 2000 there is practically no/increasenin:
ultimate conventional oil reserves estimeaies

Global Foundaion - Novenb

Table2 - Observing the "non visible part of the

iceberg" givesa different view
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Apparently abundant and growing oil reserves

Worldl proved yesenves and R/ ratios;
Billiorariels

Moreithan 1000 billions
barrelsioff proved
40years  reseryes

39 years
500/t011500hillions)

barrelsoffpossible
additionaliconventional
resources

28years 27 years

30001600 hillions|
harrels|of
unconventional
JESOUrces

Figure4 -
reserves

Breakdown of USGS 2000 view for ultimate
conventional oil reserves

Already produced :
Proven conventional s
Remaining tore discovereds

EULUre “resenve gromih:
g5 awlllioai gzlifals

Source: USGS - WPC - Calgary - June 2000

indation - Noverb

Table3- Breakdown of USGS 2000 view

ultimate conventional oil reserves

Conventional and non-conventional oil reserves
(in billion of barrels)

Conventional resenves)
Initialvecoverabie
GRwhich aleadyprodiced
ReEmaminafeeprodiiced;
Non-conventional resenes,
(economically recoverable at 2080/hotizon)
[DEEPIOiSTIONENBEOWIS00ImE!
il Agtle clfezis 0¢ 100
Gas o liguidsiconversion 109 100
Ultrahieavy:crude oil (@0 ARI) = hitumen) 600; 500

(foughly; f0r OlinoCo AN Al

everalliesenves
(remaining to

2,500
NB: not included b and mostly

o undation -

Table5-
reserves (in billion of barrels)

Apparently abundant and growing oil Figure5-

for Table4-

Conventional and non-conventional oil Figure6 -

Evolution of ultimate conventional recoverable
reserves estimates*

* Cumulative production + proven reserves +
possible reserves yet to be discovered

4_1‘}-! .» .

1949

Source: IFP/DSEP adapted from Martin (1985) and Campbell (1992) - Updated 2000

oundation - Novernber 2

Evolutions of ultimate conventional
recover able reserves estimates*

Estimated recovery rate of ultra heavy crude oil
(10° API) and bitumen

2090 gsilgzlizel
IESENnEs

1995 Sjillelisel
fesenves

Inbillion EStimased

of barrels VoeIUmMENN PIace:

Orinoco [0) 100. 300

Athabasca 1,700 300

Extra hieavys cride=ittmensiwillirepreseni thenma o) poltion| off
NEW “TESEVEesH

(See World Energy Cong Houston September 1998 - Paper by PR, Bauguis):

Estimated recovery rate of ultra heavy
crudeoil

How to reconcile the diverging evolutions of
"proven reserves" and "ultimate reserves"

Increase in proven resenesiom 19173 16 20001 argely duertorold
discoveries reevealuationsiand noet essentially tornew discoveres

Reevaluations: dugrboth to increases) in expected recoverny/ rates,
2o U erestimeaon el accuml 2t Vel liest ai ey
evaluation| stages

A'secondany/fiacto) hias Been thie aceeleraton o the delineaton =
development process

[Last but not least the emergence o non conventonalfreseves
a5 part off NEW: prioven fiesevesi(permeanent: BIUFmng off fliontiers:
BEEWEEN the tWo CategoriEs))

How to reconcile the diverging evolutions
of "proven reserves’ and "ultimate
reserves'
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1930
1970
30

2050

30% 50%

THE IRREVERSIBLE DECLINE OF OIL

PRODUCTIONS IN THE USA

20 30

(*)D Beoveres are regbkred as per their hitlly dechred sizes and theirtin hg
B 0@ mwarded by 33 years

Source :Kng Hubbert1956 -U pdated by Jean Lahenere

Figure7 - Theirreversible decline of ail
productionsin the USA
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Electric power from renewable sources in 1995
and estimation for 2050 *

RPower installed Electricity generated
Wh

Source: Revue de I'Energie,

50 ans, n° 509 Sept. 99 1005 1995 2050)
Hydropower 700.000 SNFO00.000 2.400 3.000
Wind power 5.000 200.000 10 500

Biomass 10.000 100.000 500
(forelectricity production)

Geothermal 7.000 20,000 3 100
Solar (photovoltaic) (<{0]0] 30.000 100
Solar (thermal) - - 10)

o) 72256000 58501000) 2,501 45250

* Energy equivalence used for electricity: nuclear power and renewables have been accounted as if
they had been generated by conventional thermal power plants having an efficiency of 40% (as
conventionally done by TotalFina)

‘Global Foundation - Noverber 26/28,2000  oero.o:

Table 6 -Electric power from renewable
sourcesin 1995 and in 2050

2050

Electric power from renewable sources in 1995
and estimation for 2050 *

1995

€iin po
oftele:

in TWh
generated

2050

1995, f: f: 19095 20)0)

Electricity c ons 13000 | 42000

2400

100

* Energy equivalence used for electricity: nuclear power and renewables have been accounted as
if they had been generated by conventional thermal power plants having an efficiency of 40% (as
conventionally done by TotalFina)

** From which over 95% of large hydropower plants (i.e. plants larger than 10 MW)

‘Global Foundation - November 26/28,2000  apsn.o s

2050 Table 7-The relative importance of Electric

power from renewable sourcesin 1995
and in 2000

1995

2050

energy energies
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2050
2050
5Gtoe
4.5Gtoe
2050
48Gt 10
(2.2Gtoe/ ) 10Gt (4-5 Gtoe/ )
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2010 2020
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30
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2015 2025 2050
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2 4.5 Gtoe/
2050
Urengoi Yamal 3.5 Gtoe 4.5 Gtoe
12,5 Gtoe
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25 30 Gtoe
100 +/-10
+/-20
18 Gtoe 9 Gtoe
12
2050 5.5 Gtoe
1 1.5 Gtoe
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A vision of long term world energy balances
2000 - 2020 - 2050

‘ 2000 2020 2050

Source: Revue de I'Energie, ——— ———
50 ans, n° 509 Sept. 99  Gtep % Gtepl | % Giepr %

Oil 3.7 40 5.0 40 3.5 20
Natural gas 2.1 22 4.0 27 4.5 25
@oal(including lignite) 2.2 24 3.0 20 4.5 25

Total fossil fuels | 80| 86 | 120| 87 | 125| 70

0.7 : 1 6.5 1.5
(0.5) (0.7) (0.9)

Eromiwhich used for

Renewables
Eleciricity, generation

\ Nuclear \ 0.6\ 6.5 \ 1\ 6.5 \ 4\ 22

Total commerciallenergies: | 913 | 100.0 ‘ IZ0N 000 18.0‘ 1000

Global Foundation - November 26/28, 2000 (OPRB9_01.ppt - Pierre René BAUQUIS

Table8- A vision of medium and long term world energy balances

10 2050

11

15
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World primary energy sources: 1850 - 1990 World primary energy sources: 1900 - 2050

100% . Coal Renewables (except hydro.) .
Oil Natural gas
;e Hydropower === Nuclear

100% s Coal Renewables (except hydro.).
[ell} Natural gas
== Hydropower === Nuclear

20%

1900

Global Foundation - Novert

Figure8- World primary energy sources: 1850 — Figure9- World primary energy sources. 1900 —
1990 2050

%a&boepdlgﬁgﬁgg Rrg)sn(")l Ehl%s\)/gnous energy sources Estimated evolution of CO2 emissions

[{Ofto)e) i COzppm:
550

— Wood =125 500 g f Assumption|d :

450
400 S ASsumption| 2
350

300

Wzttt Bzt

250

200
= *> Natural gas = 0.64 1960 1980 2020 2040

Assumption|1: Use of 1 GtE genel a of 0:277 ppm CO2 in| the atmosphere)
ASSUmpLIo; USElof i GtE gel of 0:228 ppm CO2 in| the atmosphere)

Global Fe

Figure10- Carbon intensity from the various energy Figurel1ll- Estimated evolution of CO, emissions

sources under table 8 scenario

2050
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ENERGY AND SUSTAINABLE DEVELOPMENT,
HYDROCARBONS AND NUCLEAR:

COMPLEMENTARY ENERGIES [

Vigkihofeoptimumitse offcachrfenereyisoulce
Hiejtiiel nyelfaezifoon) resollfess cife lipiteel, so igay satllclge
USEed EfficIERtyANremwhererthenghighrenEregyAcd ensiitAand
chemicaliichReESSareNuliAe>4lortEdE

215 trells gt fLels(Jelel, sezl el i)

asrevAmiateralsNpPEechEmICalSEchEMICEISHSOIVERISHELS)
mlezit groeltie o), daeliicline) for govver cenerziiion, 1S 2l eSS
=iflelant tUsie of liejtlicl nyelraczirgans (exica ot “oaiiien) oif Enle
2l cuitsiandNoRelitgdiconsSUMErSI O CaSESWVHETETthHE
grdNSidECIER)

cJeiseolls nyelioczergans elre c pore efficient ggtlon i certa)

el a3 g 0ot ine st anlel et t2ims. Flowever, cfies

2050 0ESHESOUCENIOIEMSHECETENERAIRENY,

If) atnles eeses nudleer gavwer s Elreeely) ife gt soliiion i)
Goulnltrles Wit sie)n seifeny sizlnlelzidels, By 2020-2050), gitic]ezEl
gowear sinatld g vany widss ozl (neeel for sl “fal-seifs”
[ESCLONS)

Figure 12 - Energy and Sustainable Development Hydrocar bons and Nuclear Energy :
Complementary, not competing - 1

ENERGY AND SUSTAINABLE DEVELOPMENT,
HYDROCARBONS AND NUCLEAR:

COMPLEMENTARY ENERGIES [
EnereyicomplemERaNnES 2050 ancNIeyonE

PrediictionioifhydrecaonsithaiarerdiiicCulitorexe Ciion
thEerresenvolsiheldinogrthiemreguirESicoRsideEralIEramMBURtSIo);
eneragyA(ergnsteaminjectedNntertheNEsSeERvolitherneal
treatmenieRthErStifiacCeN el caseroiiminEd pProd UCEHGR)*
@RENMAVAtONNIRIMIZENCEZNOCdUCTIORNS toNISENUCIERZ
generatedicalenes:

fugtner i orovement in freeoyeny reies from o nvemtiomel
cdeggosiis el e foriior 1 the celse of iy Of iy
erudas (Atgelozses, Origoce) tsine) atidlezi-cjeparziieel g it

oossiollity of ecapomic gracticiian af gil shzlss or g
nyeleziias?

oossiglliey of lmgraviae) ces=tg-lleftic (ETE) gr “ cozl
[jGUETECH CRE PO CESSESIUSINOMIUE Ea=g ERENEENINE O ENRE
EeconiieEnalyAEISCHERINGRSEN

hemucieamndusHyAcotldiprodicE Ny dogERNoINESSIVE
demandinNEihingiancipetochemiCalSEOCESSES

Figure 13 - Energy and Sustainable Development Hydrocar bons and Nuclear Energy :
Complementary, not competing - 2

20
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HYDROGEN AND SUSTAINABLE DEVELOPMENT:
SOME PARADOXES - [

Hydregenrandieconemicitndamentals

HydiregennsiandwwilifrEmainrepensiVertoNrealce:

e uprenihy cnrel Ll csloes 2080-2050), s)yelreiefen il e
arociesd usine fossilenieias, el will cosit sogme 2 it 3
mESH(PEREREGYAIMILthE COSGINENOSSIINUEISIUSECNG
PredUCEeNt

le) fuitire, e, 2080 onwelrcls, nitiel ez fyeldaefen will e reieltiz Ly

iekeEreVER([ProducedreltheMAel Eciely/SISteIfyAdIrECIRHEIEl

Welert Ecompesiton)
HydifegennsiandawwilifreEmaiiexpEnsIVENONIENSOFIcNENSTORE

oloelinie treigs gt of avelioedn geosis cigeWill Sogltiftie e cos
LONCHISIMESINEENPERERErayAURIE ienNig Ui e CaHIBHS
(&RECHICEINIEEFESSICENITOINCHENYENHENIESICHN EVSHO);
thermedynamics)

thercest el sternENydreoERMNPIESSUTZED R CIOEERIC)
zielsoro e or cr2miczlly conoineel) ey, corne cloyyal, QU i uyl]
fanednl mlien uore e oensive ten sito e liejel
ayeliaezirgons (E L00 wpes feaiar ... @venl i 2050)

Figure 14 — Hydrogen and Sustainable Development : Some Paradoxes - 1

HYDROGEN AND SUSTAINABLE DEVELOPMENT:
SOME PARADOXES - [

Ve reEEn aENESRISES

AstheairenereyAindusitimaiNpilersysteampe] ECCIy/FS|PaCcE
HEStRERAFCORCIHERINGNELES)
avelroc e s e less afficient Vet tael) elacideliny. (Beis]
slactrielny el peiiel ozis invalve eeuivel gt logistics gosis),
Waletner for ftle)e etiziiities o for flnzl peyerics, wiaille
el is el will remein gite Al es mofs eqoensive ine)

nauliElfgastteranspersancrdiShUEN B ESICEIYSICS)

As trzipisoort fusl (Foziel Erzigisgarnt, civ/iziilen), aeirltinne snloolsie))

thieradVvantagercifusingNyaeEERNSNISIIsSENCE G RUIHTIEN
oolltition (Wt Usiee I lnterEl cogmotisiion enejlnes
tuUolnes af ftel ealls). Bl e nign cost of laclsties clc o)
Qozlicl Stdrzie|e (Celrs, clreraft, snlgs) mess fet pyeliocen) s
hiandiceppEdNyALSH oMAVG] UmiCiEREgyACORILEN:

I ENHESIEiICIERNYENALONISENIVEOCERaSIa eI SEBUE]
VWouldipreallAISENO-CaBRIZENIENUSHOIOE UCINONSYRhELIE
Y EOCEHIONS

Figure 15— Hydrogen and Sustainable Development : Some Paradoxes - 2
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