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What are Fossil Fuels?

Fossil fuel" is a term for buried
combustible geologic deposits of organic
materials, formed from decayed plants
and animals that have been converted to
crude oil, coal, natural gas, or heavy olls
by exposure to heat and pressure in the
earth's crust over hundreds of millions of

years.




What kind of fossil fuels are
out there ?

Coal and relatives
Petroleum

Gas

Oil Shales

Tar Sands
Methane Hydrates

Roman Quarry







Fossil Fuels Uses

 PRIMARY energy resource (all other resources
depend on it)

 Fertilizers

e Chemical Industry and plastic

Excluding wood, 90% of the world energy is
produced by fossil fuels (oil 40%, gas, coal)

Change in Primary Energy Sources

Up to pre-fire civilization — Carbohydrates
From the discovery of fire to 1700 — Wood
From 1700 to 1900 — Coal

From 1900 to present — Oil/gas

From today to the future — Hydrogen ???




Dilithium?
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Figire 6 Crystal structure of “dilithim
(dilthium telluride). Courtesy: Dr. Mark J.
Winter, University of Sheffield, UK)"
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Until now the change in primary energy sources
have been caused by changes in technology

not by the total depletion of an energy source.

“ The stone age did not finish, because cavemen
run out of stones ”




Fossil Energy Problems

1.Possible short term depletion
2.Global warming

There are no predictive models based on history.
There is a strong political approach to these problems that are
important for our way of living and for the greenhouse effects:

Problem n°1

*Right wing — Nuclear energy

Left wing — Save energy

Problem n°2

*Right wing — The problem does not exist
L eft wing — The problem is catastrophic
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Greenhouse Effect

The Greenhouse effect

Cutgeing solar radiation:
103 Watt per m*
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Some of ihe infrared radiation is
absorbed and re-emitted by the
greenhouse gas molecules. The
direct effect is the warming of the

earth’s surface and the troposphere.

Solar radiation passes through
the clear atmosphere.
Incoming solar radiation:
343 Wall per m?
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Greenhouse gases

Climate Forcing by Greenhouse Gas Increases
since the Industrial Revolution
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Increase in Atmospheric CO2

5 - — , _ |
360 - Mauna Loa Obsarvatory, Hawaii ) Atmozphere: Mauna Loa
e — lce core: Siple Dome
lce core: H15

(=]
T

+ lce core: D47 & D57
» lce core; Law Dome

w
B
o

L] L g
8 8 & 8
T

atmospheric CO; [ppm]

B
1870 1880 1880 2000 j
*
B4 gt ssage A

e gate 2
-."‘"' . .o_.-..,. et

atmospheric CO, [ppm]

1| .1.2.0.0 Ll .1.40.0. L .1.6.0.0. Ll 1300 LTl .2.0_00
Year
Sarmienio and Gruber (2002)

Temperature trends

Temperature, past and future
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Global Fossil Carbon Emissions

Total

Petroleum

Coal

Natural Gas
Cement Production

Million Metric Tons of Carbon / Year

Does it matter ?

Muitiple Stresses of a Changing Climate
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CO, Capture and Storage

Potential for Reducing CO, Emissions
from Fossil Fuel Power Generation

Mobil

Injection into Depleted Oil/Gas Reservoirs > Source: IEA Greenhouse Gas
R&D Program

CO2 Seqguestration
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Ocean
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CO2 Seqguestration

Miscible Zone

CO2 Sequestration in Oceans to make
CO2 hydrate liquids or crystals
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Is it enough ? .... Bottom line

e Winners
e Losers

« ADAPTATION only viable solution

Myths about Fossil Fuels,
the Energy Market
and the Energy Industry

12



. The world is running out of oil and gas.

. The fossil fuels industry determines the price
of oil and natural gas.

. The ff energy industry is low tech.
. The ff industry is environmentally insensitive.

. Oil and gas can be easily and economically
replaced with renewables in the next few
years.

. There is no future working in the ff industry.

. Quality of life and GDP are not significantly
influenced by energy use.

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

Reality: Oil and Natural gas will continue
to be the primary energy sources for years
to come.

Unconventional oil and gas will become
increasingly more important.

JMA




World Demand for Fossil Fuels
Will Continue to Grow
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Source: EIA, International Energy Outlook 2004
1 Btu = 0.252 cal

Primary Energy Demand (1015 btu)
2010 2015 2020 2025
Petroleum 185 204 224 245
Natural Gas 108 122 139 156
e Coal 108 117 127 140
e Nuclear 30 31 32 30
e Other 1) 43 47 50

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

by sector,
billions barrels
of oil equivalent

JMA

Global energy demand

By sector, barrels of oll equivalent {(bm)
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Source: Martin Wolf. “Why the energy revolution will continue to power ahead,” The Financial Times, 28 June 2006, p. 17.

Petroleum Consumption in Developing

Nations Will
by 2025

Million Barrels of Ol/D

Exceed Developed Countries
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Source: EIA, International Petroleum Monthly, June 2004; Projections, EIA Annual Energy Outlook, 2004
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« Where will all this oil and gas come from?

» Well, most of the places would not be on
your list of top vacation destinations.

Worldwide Oil & Gas Reserves
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of World Energy 2004

16



Global Undiscovered Potential
Accessibility to Western Oil Companies / il
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/ . Venezuela
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ssible
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The recent opening to exploration of previously inaccessible

areas has created a window of opportunity which has never
been equaled before and likely will never be seen again.

Global Exploration
Opportunities for Future Growth
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Where to go... Countries with Growth Potential
Oil Gas
Capacity 2030 vs. 2000 Capacity 2030 vs. 2000

Kazakhstan
Mexico
China
Azerbaijan

Angola

mln boe/d Source: [EA/EIA/CERA

Most of the oil and gas going forward will not
come from new fields

Primary Sources of Oil and Gas
e To 1960 50-60% from new fields
e To 1990 20-25% from new fields
e Today 12-15% from new fields

e Tomorrow 7-10% from new fields

Thus, new discoveries, while important, will not significantly
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
new oil production next year, with larger increases in
following years
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The Importance of Mature Fields

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

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

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

The same is true for natural gas

Unconventional Resources
CRUDE OIL

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

» Tar Sands - If Canada counts these as reserves,
they are right behind Saudi Arabia in amount of oll

* Heavy OIl - If Venezuela counts these as reserves,
they are right behind Saudi Arabia in amount of oll
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 Coal Bed Methane

» Tight Gas and Ultra-tight Gas

» Gas Hydrates

What for the future?

Hedberg Resource Conference Conclusions 2007

Peak oil production is not imminent .

Nevertheless , peak oil is foreseeable (2020-40).

A continuous decline in world oil production is inescapable

in the latter half of the 21st century .

The “peak” most likely will be a high plateau for a few decades.
Production will grow slowly to the peak plateau.

Peak plateau production is likely to be between 90-100 million bod,
which is 0.75-1 percent of ultimate world oil resources .

Peak plateau spans mid-point in cumulative world oil production.
Achieving this production will require a massive , sustained industry effort
for the next 40-50 years.

Achieving this production will require an accommodating

political environment.
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FUTURE WORLD OIL PRODUCTION-
FINAL CONSTRAINED PROJECTIONS
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World oil production will reach a peak plateau by
2020-40. This was one of several key implications
of a Hedberg Research Conference released at the
AAPG Annual Convention in Long Beach.

JMA

Global energy mix

Today

» 85.5 percent = fossil fuels (oil, gas, coal)

e 14.5 percent = nuclear and all other sources
By 2025

» 87 percent = fossil fuels (oil, gas, coal)

» 13 percent = nuclear and all other sources

-- Source:Energy Information 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

Myth: The oll industry is low tech.

Reality: The oil and natural gas
Industry is very high tech.
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The petroleum industry uses more
computing power on a daily basis
than any other industry except
the entertainment industry.

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

Geologists
Geophysicists
Hydrologists
Petroleum Engineers
Chemical Engineers
Civil Engineers
Electrical Engineers
Mathematicians
Chemists

Physicists

Both
Research
and
Applications

Petroleum Industry Breakthroughs

Anticlinal Theory
Rotary Drilling
Seismograph
Well Logging
Offshore Drilling
Digital Computer
Directional Drilling
3D Seismic

3D Simulation
Basin and Reservoir

Concept of ‘Where -to-Drill’

Drill deeper

1D Subsurface imaging

Subsurface rock and fluid properties

Access to new areas and basins

2D Subsurface imaging
& data management

Access to areas with surface obstacles
More precise subsurface imaging

Predicting fluid movement
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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

e 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 - At Well Head

1999 USA
$24/BOE $12/BOE

Exploration $2.60 (11%) $1.70 (14%)
Development $6.00 (25%) $5.10 @3%)
Operations $3.00 @2%) $2.00 a7%)
Tax $2.40 @o%) $1.20 o%)
Basic Costs $14.00/B s8%) | $10.00/B (84%)
Margin $10.00/B (42%) $2.00/B 16%)

| 50% Market decline [ 500% Margin decline |

IMA January 1999 Estimates

Supply and demand curve basics

Demand Curve Supply Curve

Shortage

Unit Price

Surplus

Equilibrium Point

Crude Oil Demand/Supply in the Market




Instability and Worldwide Oil & Gas Reserves

Nationalizing
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Source: BP Statistical Review
of World Energy 2004

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.

Reality
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Drilling Site at Yariapo , Bolivia

Source:www.planete-energies.com

Drilling Site at Yariapo , Bolivia
after restoratio
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Source: www.planete-energies.com
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Natural Seeps Contribute 46% of the
Oil in Oceans Worldwide
E&P Accounts for Less Than 4% Worldwide

<
/

Natural Seeps
Offshore Qll & Gas BExtraction

H Marine Transportation of Petroleum
Atmospheric Deposition

B Municpal/Industrial Runoff
Cther Consunption Sources

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