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WhatWhat are are FossilFossil FuelsFuels ??

FossilFossil fuelfuel" " isis a a termterm forfor buriedburied
combustiblecombustible geologicgeologic depositsdeposits of of organicorganic
materialsmaterials, , formedformed fromfrom decayeddecayed plantsplants
and and animalsanimals thatthat havehave beenbeen convertedconverted toto
crude oil, crude oil, coalcoal, , naturalnatural gasgas, or , or heavyheavy oilsoils
byby exposureexposure toto heatheat and and pressurepressure in the in the 
earth'earth's s crustcrust over over hundredshundreds of millions of of millions of 
yearsyears..
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WhatWhat kindkind of of fossilfossil fuelsfuels areare
out out therethere ??

•• CoalCoal and and relativesrelatives

•• PetroleumPetroleum

•• GasGas

•• Oil Oil ShalesShales

•• TarTar SandsSands

•• MethaneMethane HydratesHydrates

JMAJMA

RomanRoman QuarryQuarry
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FossilFossil FuelsFuels UsesUses

•• PRIMARY PRIMARY energyenergy resourceresource ((allall otherother resourcesresources

dependdepend on on itit))

•• FertilizersFertilizers

•• ChemicalChemical IndustryIndustry and plasticand plastic

ExcludingExcluding woodwood, 90% of the world , 90% of the world energyenergy isis

producedproduced byby fossilfossil fuelsfuels (oil 40%, gas, (oil 40%, gas, coalcoal))
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Change in Change in PrimaryPrimary EnergyEnergy SourcesSources

•• Up Up toto prepre--firefire civilizationcivilization –– CarbohydratesCarbohydrates
•• FromFrom the the discoverydiscovery of of firefire toto 1700 1700 –– WoodWood
•• FromFrom 1700 1700 toto 1900 1900 –– CoalCoal
•• FromFrom 1900 1900 toto presentpresent –– Oil/gasOil/gas
•• FromFrom todaytoday toto the future the future –– HydrogenHydrogen ??????
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DilithiumDilithium??
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UntilUntil nownow the the changechange in in primaryprimary energyenergy sourcessources

havehave beenbeen causedcaused byby changeschanges in in technologytechnology

notnot byby the total the total depletiondepletion of of anan energyenergy sourcesource..

“ The “ The stonestone ageage diddid notnot finish, finish, becausebecause cavemencavemen

runrun out of out of stonesstones ” ” 
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FossilFossil EnergyEnergy ProblemsProblems

1.1.PossiblePossible short short termterm depletiondepletion
2.2.GlobalGlobal warmingwarming

ThereThere are no are no predictivepredictive modelsmodels basedbased on on historyhistory..
ThereThere isis a strong a strong politicalpolitical approachapproach toto thesethese problemsproblems thatthat are are 
importantimportant forfor ourour way of way of livingliving and and forfor the the greenhousegreenhouse effectseffects::

ProblemProblem n° 1n° 1
••RightRight wingwing –– NuclearNuclear energyenergy
••LeftLeft wingwing –– SaveSave energyenergy
ProblemProblem n° 2n° 2
••RightRight wingwing –– The The problemproblem doesdoes notnot existexist
••LeftLeft wingwing –– The The problemproblem isis catastrophiccatastrophic
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CarbonCarbon CycleCycle
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GreenhouseGreenhouse EffectEffect
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GreenhouseGreenhouse gasesgases
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IncreaseIncrease in in AtmosphericAtmospheric CO2CO2
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Temperature Temperature trendstrends
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DoesDoes itit mattermatter ??
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Potential for Reducing CO2 Emissions
from Fossil Fuel Power Generation

COCO22 Capture and StorageCapture and Storage

MobilMobil
Source: IEA Greenhouse Gas Source: IEA Greenhouse Gas 

R&D ProgramR&D Program

COCO22
ConsumptionConsumption

COCO
22

Storage

Storage
Gas

, O
il,

Coa
l

Injection into Depleted Oil/Gas ReservoirsInjection into Depleted Oil/Gas Reservoirs

Increased ReforestationIncreased Reforestation
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CO2 CO2 SequestrationSequestration
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CO2 CO2 SequestrationSequestration
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CO2 CO2 SequestrationSequestration in in OceansOceans toto makemake
CO2 CO2 hydratehydrate liquidsliquids or or crystalscrystals
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IsIs itit enoughenough ? …. ? …. BottomBottom lineline

•• WinnersWinners

•• LosersLosers

•• ADAPTATION ADAPTATION …………………… onlyonly viableviable solutionsolution

JMAJMA

MythsMyths aboutabout FossilFossil FuelsFuels ,,
the the EnergyEnergy Market Market 
and the and the EnergyEnergy IndustryIndustry
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1.1. The world is running out of oil and gas.The world is running out of oil and gas.
2.2. The fossil fuels industry determines the price The fossil fuels industry determines the price 

of oil and natural gas.of oil and natural gas.
3.3. The ff energy industry is low tech.The ff energy industry is low tech.
4.4. The ff industry is environmentally insensitive.The ff industry is environmentally insensitive.
5.5. Oil and gas can be easily and economically Oil and gas can be easily and economically 

replaced with renewables in the next few replaced with renewables in the next few 
years.years.

6.6. There is no future working in the ff industry.There is no future working in the ff industry.
7.7. Quality of life and GDP are not significantly Quality of life and GDP are not significantly 

influenced by energy use.influenced by energy use.

JMAJMA

MythMyth:  The world is running out of oil and gas.:  The world is running out of oil and gas.

RealityReality:  Oil and Natural gas will continue :  Oil and Natural gas will continue 

to be the primary energy sources for years to be the primary energy sources for years 

to come.to come.

Unconventional oil and gas will become Unconventional oil and gas will become 

increasingly more important.increasingly more important.
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World Demand for Fossil Fuels World Demand for Fossil Fuels 
Will Continue to Grow Will Continue to Grow 

0

100

200

300

400

500

600

700

197
0

197
4

197
8

198
2

198
6

199
0

199
4

199
8

200
5

202
5

E
ne

rg
y 

C
on

su
m

pt
io
n

 Q
ua

d.
 B

T
U

Oil Natural Gas Coal Nuclear Renewables

Source: EIA, International Energy Outlook 2004
1 Btu = 0.252 cal

JMAJMA

Primary Energy Demand (10Primary Energy Demand (101515 btu)btu)

20102010 20152015 20202020 20252025

•• Petroleum     Petroleum     185     204   224    245185     204   224    245

•• Natural GasNatural Gas 108     122   139    156108     122   139    156

•• CoalCoal 108     117   127    140108     117   127    140

•• NuclearNuclear 30       31     32      3030       31     32      30

•• Other Other 39       43     47      5039       43     47      50

Source: Energy Information Administration, U.S.Source: Energy Information Administration, U.S. Department of EnergyDepartment of Energy
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Global 
Energy 
Demand 

by sector, 
billions barrels 
of oil equivalent

Source:  Martin Wolf. “Why the energy revolution will continue to power ahead,” The Financial Times, 28 June 2006, p. 17.
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Petroleum Consumption in Developing Petroleum Consumption in Developing 
Nations Will Exceed Developed Countries Nations Will Exceed Developed Countries 
by 2025by 2025
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•• Where will all this oil and gas come from?Where will all this oil and gas come from?

•• Well, most of the places would not be on Well, most of the places would not be on 

your list of top vacation destinations.your list of top vacation destinations.

JMAJMA

Worldwide Oil & Gas ReservesWorldwide Oil & Gas Reserves

NOC

Non-
NOC

OPERATED BY:

Oil & Gas Reserves combined
Source: BP Statistical Review 

of World Energy 2004
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Circa Circa 19901990

Eastern Bloc
Qatar, 
Vietnam
Yemen

54%54%
InaccessibleInaccessible

46%46%
AccessibleAccessible

About 1.6 Trillion BOE, Risked Mean

Global Undiscovered Potential 
Accessibility to Western Oil Companies

Circa Circa 19961996

16%Inaccessible16%Inaccessible

AccessibleAccessible

C.I.S.C.I.S.
(Former USSR)(Former USSR)

VenezuelaVenezuela
ChinaChina

OthersOthers

The recent opening to exploration of previously inaccessible The recent opening to exploration of previously inaccessible 
areas has created a window of opportunity which has never areas has created a window of opportunity which has never 
been equaled before and likely will never be seen again.been equaled before and likely will never be seen again.
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Global ExplorationGlobal Exploration
Opportunities for Future Growth

VenezuelaVenezuela

E. CanadaE. Canada

W. AfricaW. Africa

ItalyItaly

PapuaPapua
New New 

GuineaGuinea

GOMGOM

N. SeaN. Sea

CaspianCaspian

PeruPeru

ArgentinaArgentina

IndonesiaIndonesia

SakhalinSakhalin

VietnamVietnam

Australia Australia 
BrazilBrazil

N AfricaN Africa

W. SiberiaW. Siberia
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-40 0 40-5 0 5

Where to goWhere to go…… Countries with Growth PotentialCountries with Growth Potential

Russia

Kazakhstan

Mexico

China

Azerbaijan

Angola

UK

USA

Oil
Capacity 2030 vs. 2000

mln boe/d

Gas
Capacity 2030 vs. 2000

bcf/d

Iran

Qatar

Saudi

Russia

Nigeria

Venezuela

Norway

UK

USA

Source: IEA/EIA/CERA
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Primary Sources of Oil and GasPrimary Sources of Oil and Gas

•• To 1960To 1960 5050--60% from new fields60% from new fields

•• To 1990To 1990 2020--25% from new fields25% from new fields

•• TodayToday 1212--15% from new fields15% from new fields

•• Tomorrow Tomorrow 77--10% from new fields10% from new fields

Thus, new discoveries, while important, will not significantly Thus, new discoveries, while important, will not significantly 

impact future oil supply. At a modest 5% decline rate and impact future oil supply. At a modest 5% decline rate and 

2.5% demand growth, we will have to add 6,250,000 bpd of 2.5% demand growth, we will have to add 6,250,000 bpd of 

new oil production next year, with larger increases in new oil production next year, with larger increases in 

following yearsfollowing years

Most of the oil and gas going forward will not 
come from new fields
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The Importance of Mature FieldsThe Importance of Mature Fields

•• To date, we have produced approximately 1 trillion barrels To date, we have produced approximately 1 trillion barrels 
of oil from existing fieldsof oil from existing fields

•• Recovery rates of oil in place have averaged Recovery rates of oil in place have averaged 
15% to 18% worldwide15% to 18% worldwide

•• If we increase our recovery rate in these existing fields If we increase our recovery rate in these existing fields 
to 35%, we will add another trillion barrels of rec overable oil to 35%, we will add another trillion barrels of rec overable oil 
reserves to the global inventoryreserves to the global inventory

•• The same is true for natural gasThe same is true for natural gas

JMAJMA

Unconventional ResourcesUnconventional Resources
CRUDE OILCRUDE OIL

•• Oil ShaleOil Shale -- Shell has a large investment in this and Shell has a large investment in this and 
will soon begin a pilot project in Southern Wyoming will soon begin a pilot project in Southern Wyoming 
(in(in--situ recovery method)situ recovery method)

•• Tar SandsTar Sands -- If Canada counts these as reserves, If Canada counts these as reserves, 
they are right behind Saudi Arabia in amount of oilthey are right behind Saudi Arabia in amount of oil

•• Heavy OilHeavy Oil -- If Venezuela counts these as reserves, If Venezuela counts these as reserves, 
they are right behind Saudi Arabia in amount of oilthey are right behind Saudi Arabia in amount of oil
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Unconventional Resources
NATURAL GAS

• Coal Bed Methane - currently 13% of the US gas produced
• Shale gas - at recent ATW it was estimated that ther e are 

40-120 BCF reserves/sq mile
• Tight Gas and Ultra-tight Gas 0.01 µµµµD (0.00001md)

– the largest gas discovery in the US in the last 15 years 
is the Jonah Field in Wyoming with an estimated 8-1 5 
TCF in reserves which is ultra-tight

– Wells drilled on 10 acre spacing with $1-2 MillionU S/frac 
job

• Gas Hydrates - worldwide estimated to be 70 to 130 times 
the proven reserves of conventional natural gas
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WhatWhat forfor the future?the future?
HedbergHedberg ResourceResource ConferenceConference ConclusionsConclusions 20072007

•• Peak oil production Peak oil production isis notnot imminentimminent ..
•• NeverthelessNevertheless , peak oil , peak oil isis foreseeableforeseeable (2020(2020--40).40).
•• A A continuouscontinuous declinedecline in world oil production in world oil production isis inescapableinescapable

in the in the latterlatter halfhalf of the 21st of the 21st centurycentury ..
•• The “peak” The “peak” mostmost likelylikely willwill bebe a high plateau a high plateau forfor a few a few decadesdecades ..
•• Production Production willwill growgrow slowlyslowly toto the peak plateau.the peak plateau.
•• Peak plateau production Peak plateau production isis likelylikely toto bebe betweenbetween 9090--100 100 millionmillion bodbod , , 

whichwhich isis 0.750.75--1 1 percentpercent of ultimate world oil of ultimate world oil resourcesresources ..
•• Peak plateau Peak plateau spansspans midmid --pointpoint in cumulative world oil production.in cumulative world oil production.
•• AchievingAchieving thisthis production production willwill requirerequire a a massivemassive , , sustainedsustained industryindustry efforteffort

forfor the the nextnext 4040--50 50 yearsyears ..
•• AchievingAchieving thisthis production production willwill requirerequire anan accommodatingaccommodating

politicalpolitical environment. environment. 
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World oil production World oil production willwill reachreach a peak plateau a peak plateau byby
20202020--40. 40. ThisThis waswas one of one of severalseveral keykey implicationsimplications

of a of a HedbergHedberg ResearchResearch ConferenceConference releasedreleased at the at the 
AAPG AAPG AnnualAnnual Convention in Long Beach.Convention in Long Beach.
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Global energy mixGlobal energy mix

TodayToday
•• 85.5 percent = fossil fuels (oil, gas, coal)85.5 percent = fossil fuels (oil, gas, coal)
•• 14.5 percent = nuclear and all other sources 14.5 percent = nuclear and all other sources 
By 2025By 2025
•• 87 percent = fossil fuels (oil, gas, coal)87 percent = fossil fuels (oil, gas, coal)
•• 13 percent = nuclear and all other sources13 percent = nuclear and all other sources

---- Source:EnergySource:Energy Information AdministrationInformation Administration
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Oil and Gas Supply Summary

• Over the next 25 years, oil and gas demand will rise 
dramatically, primarily in developing countries

• There is sufficient oil and gas to meet increases in 
demand

• But:
• Most conventional oil and gas is located in remote, 

potentially unstable areas
• The bulk of new supply will have to come from more 

expensive mature assets and unconventional 
resources
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Myth:  Myth:  The oil industry is low tech.The oil industry is low tech.

Reality:  Reality:  The oil and natural gas The oil and natural gas 

industry is very high tech.industry is very high tech.
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The petroleum industry uses moreThe petroleum industry uses more
computing power on a daily basis computing power on a daily basis 

than any other industry except than any other industry except 
the entertainment industry.the entertainment industry.

JMAJMA

NASA uses petroleum engineering 
technology to drill on Mars
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Petroleum Industry ScientistsPetroleum Industry Scientists

GeologistsGeologists
GeophysicistsGeophysicists

HydrologistsHydrologists
Petroleum EngineersPetroleum Engineers
Chemical EngineersChemical Engineers

Civil EngineersCivil Engineers
Electrical EngineersElectrical Engineers

MathematiciansMathematicians
ChemistsChemists

PhysicistsPhysicists

Both Both 
Research Research 

and and 
ApplicationsApplications

JMAJMA

Petroleum Industry BreakthroughsPetroleum Industry Breakthroughs

18831883

1900’s1900’s

19141914

19241924

1930’s1930’s

1960’s1960’s

1970’s1970’s

1980’s1980’s

1990’s1990’s

Anticlinal TheoryAnticlinal Theory

Rotary DrillingRotary Drilling

SeismographSeismograph

Well LoggingWell Logging

Offshore DrillingOffshore Drilling

Digital ComputerDigital Computer

Directional DrillingDirectional Drilling

3D Seismic3D Seismic

3D Simulation3D Simulation
Basin and ReservoirBasin and Reservoir

Concept of ‘WhereConcept of ‘Where --toto --Drill’Drill’

Drill deeperDrill deeper

1D Subsurface imaging1D Subsurface imaging

Subsurface rock and fluid propertiesSubsurface rock and fluid properties

Access to new areas and basinsAccess to new areas and basins

Access to areas with surface obstaclesAccess to areas with surface obstacles

More precise subsurface imagingMore precise subsurface imaging

Predicting fluid movementPredicting fluid movement

2D Subsurface imaging 2D Subsurface imaging 
& data management& data management

JMAJMA
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Myth:  The oil and gas industry determines the 
price of oil and natural gas.

Reality:  Supply & demand, global instability and 
fear of supply disruptions determine oil  prices. 
Gas is priced regionally and responds to 
regional demand.

Issues of oil and gas pricing

• Supply and demand
• Political and economic instability in major 

producing regions coupled with unreliable 
reserves estimates for those regions

• Price point panic on the markets and with 
traders

• The oil and gas industry does not want $65 oil or 
$10 natural gas any more than you do
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Costs/Barrel of Oil Costs/Barrel of Oil -- At Well HeadAt Well Head

ExplorationExploration

DevelopmentDevelopment

OperationsOperations

TaxTax

Basic CostsBasic Costs

MarginMargin

$24/BOE$24/BOE $12/BOE$12/BOE

$2.60 $2.60 (11%)(11%)

$6.00 $6.00 (25%)(25%)

$3.00 $3.00 (12%)(12%)

$2.40 $2.40 (10%)(10%)

$14.00/B $14.00/B (58%)(58%)

$10.00/B $10.00/B (42%)(42%)

$1.70 $1.70 (14%)(14%)

$5.10 $5.10 (43%)(43%)

$2.00 $2.00 (17%)(17%)

$1.20 $1.20 (10%)(10%)

$10.00/B $10.00/B (84%)(84%)

$2.00/B $2.00/B (16%)(16%)

50% Market decline50% Market decline 500% Margin decline500% Margin decline

January 1999 EstimatesJanuary 1999 Estimates

1999 USA1999 USA
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Supply and demand curve basicsSupply and demand curve basics

Supply CurveDemand Curve

Equilibrium Point

Surplus
Shortage

Crude Oil Demand/Supply in the Market

U
ni

t P
ric

e

Consumer
Producer
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Instability and Worldwide Oil & Gas ReservesInstability and Worldwide Oil & Gas Reserves

NOC

Non-
NOC

OPERATED BY:

Oil & Gas Reserves combined
Source: BP Statistical Review 

of World Energy 2004

Unstable

Unstable

Unstable

Nationalizing

Unstable

Unstable

The spot and futures markets

• Fear that wars, political maneuvering and/or 
nationalizations will disrupt oil and gas supplies 
leads market traders to buy and hedge upwards 
to guarantee supply

• This probably accounts for as much as $ 50-100 
of the price of a barrel of oil today

• Most producers would be happy with an oil price 
of $35 to $40 per barrel
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“The Stone Age did not end for lack of 
stone, and the Oil Age will end long 

before the world runs out of oil.”

Sheikh Zaki Yamani

Source: “The End of the Oil Age” The Economist, 25 October 2003.

Myth : The oil and natural gas 
industry is environmentally 
insensitive.

Reality :  The oil and natural gas 
industry operates in a safe and 
environmentally responsible 
manner.  The oil and natural gas 
industry will be part of the CO2
solution.... Let’s not get carried 
away now!
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Drilling Site at Drilling Site at YariapoYariapo , Bolivia, Bolivia

Source:www.planete-energies.com
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Drilling Site at Drilling Site at YariapoYariapo , Bolivia, Bolivia
after restorationafter restoration

Source: www.planete-energies.com
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Natural Seeps Contribute 46% of the Natural Seeps Contribute 46% of the 
Oil in Oceans WorldwideOil in Oceans Worldwide
E&P Accounts for Less Than 4% WorldwideE&P Accounts for Less Than 4% Worldwide

Natural Seeps
Offshore Oil & Gas Extraction
Marine Transportation of Petroleum
Atmospheric Deposition 
Municipal/Industrial Runoff
Other Consumption Sources

Source: National Research Council,
“Oil in the Seas,” Table 3.2, 2002


