Is The Future Of Energy Sustainable?

\\\\IIII/////
/

= F

L 2

The Charles and Thomas Lauritsen Memorial Lecture
California Institute of Technology
October 23, 2007
Pasadena, CA
By:
Matthew R. Simmons, Chairman
Simmons and Company International




Modern Energy Makes The World Work

m Modern energy creates virtually all aspects of our society:
— Technology

— Healthcare
Mobility
Heating, cooling, lighting
90% of food supply
Potable water

m |t grew to be world’s largest industrial activity.

m We still use 3 primary energy sources:
Qil 40%
Coal 20% Fossil Fuels
Natural Gas 20%
Nuclear, Hydro, etc. 20%
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Fossil Fuel Energy Was 20" Century Miracle

In 1900, “we” used no natural gas,
little oil and tiny amount of coal:

— QOil was used most in production of
Vaseline

— Coal-produced gas lit up our cities

U.K. was King of Coal: The key to
the industrial revolution.

Rest of the world used manual labor,
animals, wind, wood and dung.

Over next 100 years, every modern
miracle was possible because
modern fossil fuel energy grew.
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1900: A Very Dirty World

Horse manure and dead
animals spread virulent
disease.

Smog caused by dirty coal
and wood smoke blanketed
London.

Non-industrial countries cut
down precious trees for fuel.

Air, water, streets and houses
existed in a very dirty
environment.
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20" Century: The Hydrocarbon Era
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Oil use grew over 100 fold.

Natural gas use began 30 — 40 years later and grew even
faster.

Electricity spread around prosperous world.
Atomic energy was only new energy created in 20t century.

Technology, food, healthcare, globalization, clean air and
water are all by-products of the hydrocarbon era.
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20th Century: The Hydrocarbon Era




Most Energy Use Still Concentrated In
Industrial Nations

% Use of World's Energy Consumption by Country
Primary Energy oL =

OECD Countries 49% DL

AL
China 15%
Russia 6% 1000
India 5% ].
Brazil 2% 1

HATURAL CAS
30 trillio

lJlJl I"l"l ‘I‘I 2001 2010

Rest of the World 23% __ (projected) (profectec (projected)

Mlapan MChina BGermany Russia  MIndia

Disparity highlights world’s vast rich/poor gap
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The World's Need For Energy Is Inexhaustible

Waorid "
Energy Reference Scenario: En‘é'.!’grg” World Primary Energy Demand by

gﬁ'ﬁ?““ World Primary Energy Demand g[']’é'é]““ Region in 2004

Rest of the
world
Nuclear
Biomass
Gas

Coal

o,
1970 1980 1990 2000 2010 2020 2030 ok

Global demand grows by more than half over the next quarter of a OECD currently accounts for a half of the global energy demand

century, with coal use rising most in absolute terms

In 1980, global energy totaled 145 million BOE/day (1980 — 2004).
Over next 24-years, energy use grew by 54% or 79 million BOE/day.
24-years from now, energy use estimated to grow to 342 million BOE/day.

This growth is 81% of entire global energy use in 1980.

Source: IEA World Energy Outlook 2006 SiIMMONS and COMPANY




Oil Is Still The Energy King

World is now using 88 million Bbls/day
(1.35 trillion gallons/year).

1900 — 1990 oil demand grew to
66 million Bbls/day.

In past 17 years, oil demand grew
another 22 million Bbls/day.

Increasing mobility drives this growth.
World now has =900 million vehicles.

We add 50 million vehicles to global
fleet/year.

SiMMONS and CoOMPANY




Growth In OIl Use Seems Inexhaustible

m EIA, IEA, World Bank, et al. project steady growth through
2020 — 2030.

— Estimates range by various scenarios
— All end up with oil demand =115 to 125 million Bbls/day in 2025.

m Disparity of vehicles drives this growth:

No. of Vehicles per
Population Vehicles 1,000 people
In Millions
North America 280 641
Western Europe 252 472
OECD Pacific 92 462
OECD Total : 624 534

FSU/Eastern Europe 62 182

Developing Economies
- China

Rest of the World

Source: OPEC's World Oil Outlook, 2007 SiMMoONS and COMPANY
(2004 Data)




Can Oil Supply Keep Pace With Rapid
Growth In Demand?

m For decades, world’s energy planners assumed
oil resources were limitless:

— Middle East oil abundant. Is far more yet-to-be found?
— Technology drove new discoveries in our oceans

— Technology unlocking vast oil sands and some day,
oil shale

= How the world prevents an oil glut. | ["auriwin energy

worries

m Keeping peace in the Middle East.

m Most economists (post-1982) assumed oil prices
would stay low.
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Oil "Pessimists” Were Largely Ignored

m The pioneers who predicted the end to
cheap oil were largely discredited.

m The litany of warnings were ignored: :
Last new frontier discovered four decades THE END OF

40 CHEAP

Last new giant oilfield discovered in 1976
Peaking of USA’s oil (1970) not fully
appreciated 1@%‘
Steadily dwindling and smaller oil field
m« q:;--

discoveries
World using far more than we found

m Massive reported “Proven Reserves” et o s
created false sense of security. Gt Tt 0

ZipUSA: Pawtucket, Rl 110
BONUS Tear-out Map of Washin; , D.C.
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Oil Field Technology Revolutionized How We
Explore And Produce Oil And Gas

m 1970 — 1990 ushered in remarkable wave of technical
innovations:

— Deepwater oil and gas
Subsea satellite systems From invention to
Horizontal and steerable drilling commercialization took
Multilateral well completions two decades
3 and 4 dimension seismic

'\

-~/

m 1996 — 2007: New technology applications spread around
the world.

m But, few appreciated these gains were creating just-in-time

supply:
— Decline rates soared
— Reserve extensions merely extended tail end of production
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Opening The Curtain On Middle East Qill

TWILIGHT

I N THE

DESERT

THE COMING

AND THE WORLD ECONOMY




Understanding Middle East Oll

My continuous oil and gas research led me to grasp:
— Middle East had only 35 — 40 giant oil fields

— All were now getting very mature

— Three decades of exploration found no large fields

Two years of research of technical papers led me to
write:

Twilight In the Desert:
The Coming Saudi Oil Shock And The World Economy

At outset of this project, my skeptics were numerous.

Two years after book was published, skeptics shrank
considerably.
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Twilight In The Desert (For Oil) Is A Reality

Now, many other analysts have
done same homework.

Saudi Arabia faces massive
challenge to keep current
production flat (or implement small
growth).

Old belief that Saudi Arabia could
produce 12 — 25 MM Bbl/day was
an illusion.

How fast their great giant oil fields
decline is a serious question.

Lack of production transparency is
appalling.

‘The West is deluded
to rely on Saudi oil’

atthew Simmons doesn't

look like a contrarian.

He comes across as what

an oil-industry magnate.

O\rer the past 30 years, the

Texas-based investment bank
he founded — Simmons & Co

International — has guided

‘rnlmlless blue-chip ts

ough oil deals worth $60bn

Imost the entire Weslern oil
establishment. In his London
offices last week, he told me he
m "l‘lccplv concerned” that

“They have been the only
eountry able to pump exira
erude when the West needs it,
and everyone just assumes
that spare eapacity will last.”
With oil prices above $50 a
barrel, having risen by 80 per
cenl this the West is

says Simmons. “Sau
oil outpul may soon start
declining — imminently, in n

in the next six to .'HI

dreds of technical reports”
by the Desert Ki
's own engineers. Saudi’s
oil capacity is “dangerously
" he says. “Six
lded 85 per cent
il ever produced,
with a single field — Ghawar ~
su per cent. But the
ave pushed the:e
Eelds hard. And whe
push big fields, reservoir pres-
sures fall.
analysis, il correct, is
» It would exerl severe

upward pressure on already
sky-h |ghuilp ces — with d
astatin, cations for
financial marlu-ls and eco-
nomic growth worldwide
“But the conventional wis-
dom,” Sim says, “thal we

nitely is driven only by ‘group-
{ uk and vested interests.
nergy Information
Adml ration, part of the US
government, forecasts global
oil demand of 120m barrels
daily by 2025 — up 50 per cent
on the current consumption of
Rﬂxn. Over the same period,

n s
the war]dml] rely on Saudi for
19 per cent of all oil produc-
ramaltic increase on
the country's current 11 per
cent share,
Having served on vice presi-
dent Dick Cheney's energy
force, Simmons knows
these forecasts well. “The EIA
numbers are the global econo-
my's energy roadmap,” he
says. “But while their demand
estimates are real, they basi-
cally invent the fufure produe-
tion numbers as they go

g
So what of US government
s that Saudi pump
22m bpd in 20252 “If, by some
miracle; they find some huge
ficlds that have defied d
ery for 50 years,
it might happen. Then
nnuld be living on the
‘moon in 2025,
T would say the probability
of me living on the moon is
higher than Saudi reaching

as sal
So wheﬂ I went from SIII'I’

CHAF

Al-Husseini: forecast concerns

* office to meet Sadad Al-
I expected him to
trot out the same line.
‘\ﬂer all,

Arameo, the state- m\m_d oil
monolith which accounts for

to Simmons®

“The question isn’t ‘can we
can pump 15m or 20m barrels
dail

says. "Tlu. American pnxfuc'
n oullook is much too
h

is why they overestimate not
only future Middle East sup-
plies bul non-Opec and Rus-
sian supplies t

We agree the production
outlook for the Middle East as
a whole — which the EIA pre-
i will almost double, from

will take a long time
for Iraq’s oil infrastructure to
make a significant contribu-
tion lo global supplies.” Hy
long? “I doubt the
exceed 5m barrels a day by the
end uf(hxs decade.”

Al-Hus: refutes Sim
mo |:| llls that the Sau
have partly squandered
capacity by pumping too
quickly in the past. “The King-
dom’s oil is managed in a

ly pruiesu mal manner,

inter, gllubal demand

will consi

's view is
“1 suspect prices
nrmlur] 350 will be with us for

T bl ans sand
warning, “The excess capacity
s no langer there. That
mean more of the volati
and

financial markels have yet to
wale up to that.

® Liam Hnihm

Source: The Sunday Telegraph “The West Is Deluded To Rely On Saudi Gil", Octeber 31, 2004
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My Conclusion When Twilight Was Written

m Conclusion #1:

— Saudi Arabia will struggle to attain small production
growth.

m Conclusion #2:

— There is a real risk that Saudi Arabian oil could soon
start to decline.

m Conclusion #3:

— When it is clear that Saudi Arabia’s oil has peaked,
the world’s supply too has peaked.
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Two Years Later, What Do We Know?

Saudi Arabia is struggling to recreate supply cushion:

Rigs Working
24
36
44
101

E&P spending $70 billion to rehabilitate several old fields.

Expected output from 2/3" of these “new” projects to offset declines
in Saudi Arabia’s “mature fields”.

Saudi Arabia’s oil exports to IEA member countries peaked in 2003
and have steadily shrunk.
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Ghawar — Running Dry?

42 THE AGENDA
THE ATLANTIC OCTOBER 2007

THE WORLD IN NUMBERS

The world's most essential oil field may be in decline.

Running Dry?

BY JAMES D. HAMILTON

\Tu country is more important to oil
L Nmarkets than Saudi Arabia. The
kingdom produced roughly 9.2 mil-
lion barrels of crude a day in 2006, and
accounted for 19 percent of world oil
exports. Many analysts expect it to sup-
ply a quarter of the world’s added pro-
duction over the next few years, And as
the only producer with significant excess
capacity, it has played a crucial role in
alleviating temporary supply disrup-
tions, increasing daily production by
3.1 million barrels during the first Gulf
War, for example, when oil production
in Iraq and Kuwait dropped by 5.3 mil-
lion barrels,

The Ghawar oil field is the king-
dom'’s crown jewel, Stretching for more
than 150 miles beneath the desert, it is
the largest known deposit in the world.
It produces perhaps twice as much oil
as any other field, and has doubtless
accounted for more than half of Saudi
Arabia’s oil production, Yet the Saudis
have been removing ol from this reser-
voir for half & century. Sooner or later, its
production must fall.

The Saudis do not release data on
how much oil they are extracting from
individual wells, or on the remaining
reserves of individual oil fields. But the
total amount that the kingdom pro-
duces has been declining, down a mil-
lion barrels a day over the last two years
of data.

The Saudis have claimed these cuts
have been in respanse to weak demand.
However, the big drop in production
began in the spring of 2006, when the
price of oil was rising from $60 to $74
a barrel; the claim that no one wanted
to buy Sandi Arabia’s light crude strains
credulity. The drop in production has
also coincided with a huge new Saudi

effort to find and pump more oil: The
number of active oil rigs in Saudi Arabia
has tripled over the past three years,

Frustrated by the lack of hard data.
on Ghawar, Stuart Staniford, a computer
scientist with a doctorate in physics, has
conducted a painstaking study of pub-
licly available information. His research
has been reported at theoildrum.com,
a Web site that analyzes energy markets.

The Saudis have developed Ghawar
by using peripheral water injection—
water is pumped into the reservoir, driv-
ing the remaining oil ta the surface. Mare
details about Saudi production were
available before 1980, allowing Staniford
to infer that the depth of the remaining
oil column in northern Ghawar at that
time was about 500 feet. Evidence from
many sources suggests that the water
level has been rising at about 18.4 feet
per year. If you extrapolate that trend,
this would mean that the northern part
of Ghawar is by now quite depleted.

Staniford has also built a detailed
computer simulation of the Ghawar
reservoir, based on its size and shape,
the porosity and permeability of its rock,
and the assumed oil-extraction rates.
‘The results of this simulation line up
remarkably well with Staniford’s other
calenlations, Oil production from north-
ern Ghawar has likely peaked.

Southern Ghawar still holds a lot of
oil, and perhaps the kingdom’s push to
find new fields will bear fruit. But north-
ern Ghawar was developed first becanse
it was by far the most promising field. Its
production cannot be easily replaced. At
about the same time that Saudi produc-
tion began its decline, the new Haradh
project in southern Ghawar began pro-
ducing perhaps an additional 300,000
barrels a day. The Saudis have also made

ORIGINAL

a huge investment to reapen the Qatif
field on the eastern coast, which they had
abandoned in 1995; it is now producing
an estimated half-million barrels a day.
With Saudi production falling despite
these new contributions, the situation
could be serious.

At & bare minimum, the era when
excess Sandi capacity could enshion
geopolitical disruptions in oil supplies
may well be over, even though the threat
of such disruptions is greater than ever.
And if Saudi production continues to
decline even as world demand keeps
growing, in a few vears we will look back
at the summer of 2007 as the last of the
days when gasoline—even at §3.50 a
gallon—was still plentiful and cheap. £
James D. Heminon is a professor of seenamies ol the

University of Callfornia, San Olego; his enalysis appears
reguilcrly ot v eeonbriser corm,

Source: The Atlantic, October 2007
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KUWAT In recent years, about ane out of
every 20 borrels of oil produced

Zulut
o 4 Marjan

Berri

Soudi Arabia often has increased its oil production in response to rising prices.

But in recent years, despite high prices, production first ploteaued, then declined.

PRICE OF OIL*
Monthiy (January ‘01 to July ‘07)

SAUDI CRUDE-OIL PRODUCTION
Manthly tanuary ‘01 to May ‘07)

$80 per barrel 10 million barrels per day

02 03

of West Tunes ntermedicie
shing, Dbl { o

worldwide, and more than half of the
production from Saudi Arabia, has
came from a single field—Ghawar.

Soudi investment in finding and
pumping oil has increased rapidly.

SAUDI OIL-RIG COUNT
Manthiy tJanuary *01 to July '07)

SiMMONS and CoOMPANY




What More We Know Now...

Cantarell, Mexico’s super-giant oil field (2" in the world),
peaked in May 2005 and is now in steady decline.

China’s three giant oil fields are also now in decline.
North Sea production in free-fall decline.

Indonesia is now an oil importer.

There has not been a single significant positive supply event
to improve our long-term supply outlook.
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North Sea Decline Curves
(From Saga Petroleum Report)

Snorre B Tordis East Vigdis Gullfaks Satellites  Statfjord Field

Thistle
Miller With Satellites
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Gulf Of Mexico Deepwater Fields Also Declining

Gulf Of Mexico Declines
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Best-In-Class Supply Data Is Alarming”®

All-time crude output set in
May 2005.

Over next 18 months, supply
has declined =1.5 MMB/day.

Light sweet crude clearly in
decline.

ARAARARAAAR

Much is offset by rise of = L L RE 2
and sour oil supply whic S —_—— o - oo o am
much harder to process.

* EIA Monthly Energy Report. SiMMoONS and COMPANY
September 2007




Decline Rates Are Now Severe Treadmill

m Scarcity of solid data on most oll fields masks a
serious challenge to more growth in oill
production.

m [he North Sea fields are declining at a rate of
15 — 20% per annum.

m The deepwater fields (which peak faster) are
declining at similar rates.

m Optimists on oil supply assume decline rates
average 4.5% to 7% per year.
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The Decline Rate Nightmare

Figure 1
Impact of Decline Rates of Future Global Production

DEVELOPMENT OF
NEW DISCOVERIES ~gi

EMHANCED
OIL RECOVERY

DEVELOPMENT OF
EXISTING RESERVES

MILLIDN BARRELS PER DAY

EXISTING
CAPACITIES

T I T I T I I T
1971 1980 1390 2000 2010
YEAR

Source: 1EA, WoRk Energy OUBIOOK 2004,

Soume: Cambridge Enangy Resaamh Associates
7071315 FIGURE ES-5. Wlustrative Total Liquids Supply

m CERA’s modest 5% decline still requires adding 60 MMB/D in
10 years.

m NPC estimates require adding over 100 MMB/D in 23 years.
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Crude Supply Not Getting The Job Done

HOW WE FILL "THE GAP"

Global Petroleum Crude Ol
Year Consumption Supply

Million Barrels/day
1973 : 55.679
1995 : 62.333
2000 : 68.369
2005 : 73.791
2006 : 73.546
2007~ : 73.160

* First six months

“GAP” = Natural gas liquids, refinery processing gains,
inventory liquidation and tiny amount of synthetic crude/biofuel

Source: EIA SiMMoONS and COMPANY




Growth In NGL Output Is
Not Well Understood

NGL growth occurring when crude oil
began steady decline.

Much of this growth comes from
mature oilfields’ expanding gas caps.

These are not sources of sustainable
growth.

World Natural Gas Plant Liguids Production

LNG projects also create by-product
of NGL.

It is “hard” to grow NGL volume by 1 — 2 MMB/D.
Stealth growth in NGLs has masked declines in crude oil.
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Oil Demand Outside OECD
Growing Everywhere

m Driven by rapid population growth.
m Far more vehicles.

m |Improving economies. 5-Year

2001 2006 Change Increase (%)
Million Barrels/Day
Egpyt : 0.63 +.09
South Africa : 0.51 +.06
Nigeria : 0.29 +.04
Argentina : (0) +.06
Venezuela : 0.66 +.09
India : 2.58 +.29
Indonesia : 1.32 +.19
Singapore : 0.85 +.18
China : 6.69 +1.43
Saudi Arabia : 1.99 .34
Total Non-OECD : 33.95 4.8 3.1% per annum
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OECD Oil Demand Has Been
A Mixed Bag (Many Moving Parts)

Selected Country Sample 2001 2006 Change  Percent
Million Barrels/Day
USA : 21.03 +1.06
Canada : 2.23 +.17
Austria : 0.3 +.04
France : 1.96 (0.09)
Germany : 2.66 (0.15)
Netherlands : 1.01 +.12
Spain : 1.59 +.10
UK : 1.83 +.09
Japan : 5.16 (0.23)
Australia : 0.92 .05
Total OECD : 49.22 +1.32
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What Happens If Demand Outpaces Supply?

Supply and demand live in two different worlds.

Demand is fickle and not held back by tightening supply.
Whle_n UENIEONC RSN o :1d Oil Demand Growth Has Accelerated,
we liquidate “stocks. While Spare Capacity Has Dropped

At some point, stocks drop
below minimum operating
levels.

Then shortages begin.

Million Barrels per Day

Shortages induce hoarding.

1981- 2000 2001 2002 2002 2004 2006 2006

Hoarding can suck our tanks 1950
dl'y Avj.

Source: History; EIA; Projectons: Bhort-Term Energy Outlook, Apri 2008,

SiMMONS and CoOMPANY




Snapshot Of Key Oil Producers’
Shrinking Discoveries

m /8 countries produce

world’s 72.5 MMB/D
crude oil.

43 countries’
production declined
from 2005 — 2006*:

— Average country
decline rate was 6.7%

35 countries grew oill
output in 2006 vs.
2005*:

— Average country
growth was 6.8%

Fields Discovered

1990-1994 1995-1999 2000 - 2005

Angola
Australia
Brazil
Canada
Colombia
Eduador
Egypt
Indonesia
Iran
Malaysia
Mexico
Nigeria
Norway
Oman
Thailand
Trinidad & Tobago
U.K.
Total

Source: Oil & Gas Journal — December 18, 2006

&
10
20

21
(K
14
12

6
6
11
0
7
2
24
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Risk Management 101:
Assume Peak Oil Has Arrived

We insure homes against fires ' NATIONAL
d floods with | h f
cccurrence.  GEOGRAPHIC
= o

But, the world has no plan for
adopting a new economy if
Peak Oil is real.

If Peak Oil is not here already,
its arrival is imminent.

The higher demand grows, the
faster the Peak becomes a
Steady dechne THE BOMB—60 Years Later « .

Cave Art Mystery sz Brazil's Wild Wet 4s  Hurricane Warning 72
China Fossil Marvels ss  ZipUSA: Missouri Utopia? s




Could We Create “Radar” To Gauge Peak Oill

Thus far, all regional peaks have been discovered after
the fact.

Lack of transparent key oll field production keeps us in
a fog.

World leaders could mandate accurate, timely field-by-
field production reports.

Levy mandatory $20/Bbl fine on exporting producers
who fail to comply with transparency.

This reform would create a Peak Oil radar system (and
end the Peak Qil debate).
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The Unforeseen Consequences Of Peak Oll

m It makes growth in oil demand an impossible dream.

m |t soon leads to steady, irreversible oil decline.

m QOil will never “run out”, but the risk of world only producing
60 — 65 MMB/day is high.

Inherent oil need

//
-~ 4

The “GAP” is crucial issue

Biofuel growth

Gradual decline

Oil produced
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Will Oil Demand Begin To Slow
As Supply Shrinks?

Oil supply and oil demand have no
market linkage.

Rapid rise in oll prices has yet to
dent demand growth.

As supplies falter, demand drains
key stocks.

When oil inventories reach
minimum operating levels it is the
equivalent of fuel tank reading
empty.
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The Big Risk: Shortages Appear

m If “min-op” inventories are breached, risk of
shortages in some finished products is high.

m Once shortages begin, likely reaction is for
users to hoard.

m Hoarding then creates a “run on the petroleum
bank.”

m [he problem then morphs into a nightmare.
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How We Adjust To A Post-Peak Oil World

m \We are forced to travel less:

— Flexible work rules/performance pay could end long-distance
commuting

— Light rail advanced transportation system replaced or more
highway lanes

m \We need to grow food and produce goods at home:
— Energy cost of “globalization” was unsustainable

m \We need to invent new transportation fuels:
— Need to be non-energy intensive
— Scale to significant size
— Be liquid (to use current 900 million vehicle fleet)

SiMMONS and CoOMPANY




Can We Merely Switch To Other
Energy Sources?

Switching to other sources not easy.

Useable proven natural gas could be scarce:

— Too many gas basins now in decline

— Too much stranded gas never discovered

— Until natural gas proven abundant, only use is to generate heat
Nuclear power will come back:

— But, plants are expensive to build in energy terms
— High quality uranium not abundant
— Will only generate electricity (but very clean)

Coal to liquids creates only sliver of new liquid supply.

SiMMONS and CoOMPANY




Will Renewable Energy Save The Day?

Solar, wind, hydro and geothermal
provide only intermittent electricity.

Most current biofuels laden with
problems:

— Upsetting the food chain
— Energy intensive to create
— Low quality end product

On the horizon:

Cellulosity breakthroughs to wood-
chips, switchgrass, etc.

Algae might be miracle product fuel
source

OTEC created liquid ammonia?

Can any happen fast and to scale to
be globally relevant?
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How To Enlist To Fight Our Energy War

m If world ignores the Peak
Oil issue, chaos will rule
the day.

m Oil has played prominent
role in most 20t century
wars.

m Post-Peak Oil scramble

could create our final war.
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It behooves all of us to take the risk of Peak Oil

seriously, clamor for better energy transparency,
and join in solving what could be the 21st century’s

greatest challenge and biggest risk.
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