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. World Has Many Scarce Resources

= As global population grew, highest quality resources declined.

= Decades of cheap resources added T e

= Dbl WaelT, Low Angoley Timar Bivd Bovow

to over-consumption a_nd discouraged RESOURCE

new resource exploration. _
= Most natural resources are W RS
non-renewable. &

= List of scarce metals is striking:

— Copper |
— Zinc . e
Tungsten THE NEW LANDSCAPE
- OF GLOBAL CONFLICT
: = 10 hame but a few! O <
— Silver
_ Gold Michael T. Klare
. Uranium B AUTHORZR OF ROGUE STATEIS AND NUCLIAR OM7TLAWS
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. Many Scarce Resources Have Abundant Substitutes

= World could learn how to get along without copper.

= New technologies also obsolete some resource needs:

— Telephone lines and wires are fast becoming
obsolete
— Lead is barely used today

= But, new technologies also create new
resource demands.

= Lithium for batteries is classic example.
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. Few Resources Are “Invaluable” But, Two Top This List

= QOil created miracle of 20t century:
— Globalized travel
— Long-distance
— Suburban spread
— Globalized food

= Water is even more priceless:
— Without water, we cannot create
modern energy
— Without water, we have no food

= For a century, mankind ignored depletion
of both precious resources.

Americans may eventually find a way to live without oil.
Water is another story.
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. World Will Never Run Out Of Oil Or Water

= But, high quality (sweet and light) oil and
potable fresh water are becoming scarce.

= Crude oil flows are steadily getting heavier
and more sour.

= Many groups estimate remaining proven/ ==
unproven oil resources, but fail to differentiate E\I}’%Il](!iﬂmﬂn
high-quality flow. Sounce:-Oil & Gas Middle East - Apr 2008

= There are few estimates of remaining fresh Rt i
water/potable ground water. :

= Most of world’s usable water is now brackish
or saline.

= Running short of oil or water used to be a
remote possibility.
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. There Are Few Easy Substitutes For Oil

= Years ago, oil was used to create electricity, although there
were always many other substitutes.

= Today, crude oll is essentially transportation energy, with
few obvious alternatives:
— Compressed natural gas works great for fleets
— Electric cars/hybrids work, [z e T
but barely dent 900 million 3 =5
Internal combustion fuelled
vehicles

— Biofuels (except sugarcane g@g
ethanol) are very energy/ = - ,

manual transmission
& automated clutch

water intensive to create

manual transmission
& sutomated clutch

Electric machine
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. There Are No Substitutes For Potable Water

= Only known substitute for fresh water is desalinated brackish
or seawater.

= Historically, this process has been very energy intensive.

= AS g |Oba| popu|a’[ion Projected Water Scarcity in 2025
grows, water usage has
to rise for sanitation,
food production and
modern energy creation.

= |t IS unclear whether this
can happen.

= |t Is less clear what
happens if water supplies wane.
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. Historically, We “Gave” Both Resources Away

= From 1890 — 1970 (in current $) oil prices averaged only
$15/Bbl (or $.01 a cup).

= Water was essentially free to many key users and cheap
for municipal water supplies.

= Low prices for both resources defused supply concerns
and discouraged efficiency measures.
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. Of Water

Modern Energy Production Requires Vast Amounts

= USA'’s power generation uses 40% of our fresh water.

= |n theory, it is recycled as rain “somewhere”.

= A gallon of motor gasoline uses 2 — 3 gallons/water in

creation.
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Some “Inconvenient Truths” About Oil

= Flimsy statistics indicate that
global crude oll flow (excluding
NGLs, etc.) peaked in 2005——__|

= Steep declines in North Sea,
Mexico and other key sources
are getting impossible to
overcome.

= High quality light, sweet crude
flows rapidly dwindling:
— WTl is now “synthetic crude grade
— Brent turned into blended Brent

”

Table 11.1b World Crude Qil Production: Persian Gulf Nations, Non-OPEC,
and World (Thousand Barrels per Day)

Selected Non-OPECS Producers.
Perzisn Total
Guit Former Unted | United Non-
Nations® | Canaca | China | Egypt | Mexico | Norway | USSR | Russia | Kingcom | States OPEC* World
1.060 166 32 8324 NA 2 0.208 24888 56.670
26 9.629 NA 12 8376 26.002 52828
6 NA 1.022 8,607 32.002 &0.688
"7 NA 269 8971 37.664 §3.900
73 NA 1820 7,366 38822 80,402
20 5,006 2480 8,660 36,736 02386
22 §.850 2,608 0,486 38,602 03762
856 6920 2618 0,462 37.320 06,744
0 5854 2,010 0,262 37458 00,600
852 8070 2,08 6.881 37.600 86.022
Tes 6479 2,276 6.822 38.482 08,406
T20 807 2,282 6,001 30,014 08,101
2,262 or,108
200

o 1846 T2.612
858 3381 270 - 7321
858 348 2808 - TS
862 3 2867 - Ti2
5% 3408 2864 -- 74,140

656 3441 aTes --

6 3 23% -
L o8 2718 - TATET
655 3414 2842 - 7818
659 3367 2663 - 339¢
54 3. 2877 - 73487
667 aan 2648 - 3880
s 3 268 - 74268

L] 33 2008 -
654 am 2887 - 73788
7 331 2 - 73647
51 350 2610 - Ti489
883 337 2 - 73851
855 3328 25318 - 73154
&7 3287 2 - 73061
820 2 251 - 74076
630 328 2430 -— 73754
&40 3258 2318 - 73485
S0 31m 2380 - 73808
615 318 24L€ - 73437
619 2578 2508 - 73218
0% 1260 240 - T3.6%

and the Urited Arab Emirates. Production from the Neural Zone between Kusait mm -usmmunmmnn
303 Saudl Aratia i3 INCUGed In “Persian CuT Natcns.” Dairct of Cobmia
ReRevized. Na=Not avalabe.

. = = =Not applicadle. E=Estmate. Wet Page:  See hito.iwaw.ea.d0e gowemeumeninter A for all svaladie
Notes: « Crude ol rciudes lease condensate but excudes ratural gas piant mmnuﬂ
fquics. « Monthly data are ofien prelminary fgures and may rct average 1o the Sources: See end of secten.

= Quality crude Is being replaced
by “junk crude”

Source: EIA Monthly Energy Report — March 2008
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High Percentage Of Oil Flows Come From Very
Old Fields

= =300 giant/supergiant oilfields make up 2/3 of world supply.
= Almost all these fields are past their peak flows.

= Most are over 50-years old.

= Most of remaining oil supply comes from small fields.

Horn Mountain / King Lobster/Oyster Llano (GB 387)
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. Junk Crude Is Harder To Refine Into Finished Oil

= Junk crude is great source for asphalt
or bunker fuel.

= But, most refineries were built to
process light/intermediate sweet crude,
not junk.

= World’s population of complex
refineries are few and far between.

= Creating motor gasoline, jet fuel and
diesel will get increasingly costly and
hard to grow.
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. Some “Far More Inconvenient” Water Truths

= “We are running out of fresh water. A g alysisfhe ncoming wter ..
This scarcity may be most under- S

appreciated global challenge of our NOT A TO
time.™ '

= Many of world’s megacities (those
exceeding 10 million people) are now
experiencing “water shortages™

— Mexico City

— Calcutta

— Cairo

— Jakarta AMERICA"S

— Beijing WATER CRISIS
— LagOS [AND WHAT YOU CAN DO]
— Manila KEN MIDKIFF

FOREWORD BY ROBERT KENNEDY, JR.

*World Water Institute
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. More Inconvenient Water Truths

[ ] T|ny amou nt Of World’s freSh Water If all the water on earth could be placed

inside a water cooler, the available fresh

comes from r|Ve I'S, Iakes and water would amount to ONE TABLESPOON.
StreamS . ,:%:?ﬁ‘fv’\p Saline Ocean Water 97%

'-@ i Fresh Water in Ice Caps 2%
¥

= “Aquifer supplied ground water” is
now primary fresh water supply.

\ y ». - __.} Inaccessible Underground 1%
oot :

’. i w.",
[ \ C “ | Available for Consumption .01%

= Knowledge of aquifer water tables

IS sketchy:
— Drilling wells into water tables is still
only accurate measurement

-~ < Saline or Brackish .01%

= One giant oil well can drain an
entire aquifer.
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. Water Scarcity Is Already A Major Health Hazard

= Two billion people now live with un-sanitized water.

= Over last decade, children
killed by diarrhoea caused
by polluted water exceeded
number of people killed in
all armed conflicts since
WWII.

= Every eight seconds, a
child dies from drinking dirty
water.
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World’s Most Prosperous People Use Most Of Our
Water And Oil

= USA uses =25 Bbls/oil per person/year.
= Non-OECD countries use 2.7 Bbls/oll per person/year.

= Average water use per person in North America is 600 litres

per day Average Daily Water Usage Per Person
600

= Qutside North America,
average person only
uses 50 litres/day for

. . . 300
drinking, cooking and .
sanitation. 20
Il

T T R R R

500

400

Liters
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. How Did “We” Get In Such A Mess?

10000

5000
= Two easy answers:
2000
— The world’s rich got
richer and richer

1000

500 i i
Latin Americ

Northern America

— Global population grew 200

too fast
100

50

20

10
1950 1960 1970 1980 1990 2000 2010 2020 2030 2040 2050

Source: Wikipedia
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http://upload.wikimedia.org/wikipedia/commons/1/11/World_population_(UN).svg

. Middle East Is Epicenter Of This Scarcity Crisis

= Too many people still think
Middle East is sparsely
populated.

= Combined population grew
almost three-fold from
1970-2010.

= There are now more people
In the Middle East than In

USA and Canada.
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Population
1970 | 1980 | 1990 2000 | 2010* Est
Population in Thousands

Bahrain 220 348 501 635 738
Egypt 33,574 | 42,634 | 54,907 | 65159 | 80,472
Iran 26,854 | 39,422 | 56,669 | 63,273 | 67,038
Iraq 9,414 | 13,233 | 18,140 | 22,679 | 29,672
Israel 2,903 3,737 4,478 6,115 7,354
Jordan 1,503 2,163 3,267 4,688 6,407
Kuwait 748 1,370 2,142 1,974 2,789
Lebanon 2,383 2,899 3,440 3,791 4,125
Oman 783 1,185 1,794 2,432 2,968
Qatar 115 237 446 627 841
Saudi Arabia 6,109 9,999 | 16,061 | 23,147 | 29,207
Syria 6,258 8,752 | 12,500 | 16,471 | 22,198
Turkey 35,758 | 45,048 | 56,561 | 67,329 | 77,804
United Arab Emirates 249 1,000 1,826 3,219 4,976
Yemen 7,098 9,133 | 12,416 | 17,407 | 23,495
Total 133,969 | 181,160 | 245,148 | 298,946 | 360,084

Source: U.S. Census Bureau
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. Population Growth Caused Explosion In Oil Use

Oil Consumption

= Total Middle East oll 1080 | 1990 | 2000 | 2008
. I Thousand Barrels/da

consumption was 2.6 million s 5] o] x| @

barrels per day in 1970. — coo oo | oo | Toa

Iraq 217 400 462 616

= By 2008, it had grown from T e

3.1X to 8.1 million barrels e 0 g o4 o

per day. ot T T e i

. . Saudi Arabia 610 1,107 1,537 2,376

= But, per capita consumption Syra 10 | 205 | 286 | 273

Turkey 314 a77 667 676

Only greW from 71 barr6|S per United Arab Emirates 75 243 330 525

Yemen 45 76 97 152

person per year to 8.2 barrels . [ 2616 | 411 | 6000 | 530
Source: IEA

= As prosperity and jobs finally spread, the per capita oil use
could soon soar.
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. Fresh Water Always Scarce In The Middle East

= Only handful of key rivers deliver fresh water to limited areas in

Middle East:
— Nile River

— Tigris River

— Euphrates River

Economic scar: city Little or no scarcity [l Not estimated

= Now, all suffer from “hot stains”
and increasing salinity.

= Desalination became Middle

East's water solution:
— Saudi Arabia, alone, accounts for
25% of world’s desalinated water

Marsh’s National Oil Companies’ Conference 2010



Oil Exports Will Wane If Middle East Oil Supply Does
Not Grow

= Given current population trends, Middle East could have
500 million people within a decade.

= |f per capita oil consumption
grows from 8 to 12 barrels/
person/year, this would double
current internal oil consumption.

= If production stays flat, exports
WOUId fa” by z250/0- m.""D:UUtMSU (0)

B 90to100  (0)
[l s0to 90 (D)
E 70t 80 (1)
O 6&0to 70 (0)
[0 s0to 60 (D)
[0 a0to 50 (0)
[0 30t 40 (D)
O 20t 30 (3)
O 10t 20 (1)
O 0Ot 10 (8)
O nct available (2)

2009 OECDAEA

—
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Could The World Get Along With Shrinking Middle
East Oil Exports?

= Future energy projections assume increase in Middle East
oll exports will fuel future growth.

= |EA’s latest forecasts summarize this dilemma:

“To keep current oil supply flat through 2030, world needs four new
Saudi Arabias.”

Figure 11.1 e World oil production by source in the Reference Scenario
= 120 ' Natural gas liquids
€ 100 - I Non-conventional oil
M Crude oil -
50- additional EOR
M Crude oil - fields yet
" to be found
Crude oil - fields yet
© to be developed
M Crude oil - currently
producing fields
20
0
1990 2000 2010 2020 2030

Source: IEA World Energy Outlook 2008
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B It Is Time To Properly Price Oil And Water

* The replacement cost of incremental oill
Is far higher than $147/barrel.

= |f energy producers had to pay a fair
price for the water they use, this would
raise energy prices much higher.

= Why do we know so little about what
constitutes a fair price for oil and water?
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. How Did We Get Into Such A Deep Hole?

= Rule #1: When you are in a deep hole: STOP DIGGING!

* |s there anyway to stop digging
ourselves into an ever-deeper
oil and water hole?

= The intertwining of oil and water
IS historical irony.

= The two do not mix and we can
not get along without both.

= | ack of transparent data was the shovel responsible for
this deep hole.
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. Is It Always Darkest Before Dawn?

= There is a dawn ahead in solving this dilemma.
= |t is Ocean Energy: A New Era.

Twilight in the Desert
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The Gulf Of Maine Will Become Test Ground For
Creation Of Ocean Energy

= Ocean Energy Institute (OEl) is helping create world-class deepwater
wind in Gulf of Maine.

= Maine’s offshore wind will create kilowatts to combine with seawater.

= QOutput creates NH, (liquid ammonia) and desalinated seawater.

= Through advanced composites, deepwater wind can be profitable
without subsidies.

: — ‘ Electricity created Combine 3 Hydrogen with
Offshore Wind Electricity I:> Hydrogen 1 Nitrogen

NH,
Liquid Ammonia

(aress /. Electric /.
/" Power /
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. If It Works In Maine, It Can Scale Globally

= Recent Rice University Conference “From Gulf of Maine to

L] ,, L] L ]
G U If Of M eXI CO h Ig h I Ig hted Energy as a Complete System: Generation, Usage, Storage, Transmission

T LA | I\
)
L}

opportunity for development | jESENEESES = w=m e
of offshore wind in Gulf of ] e = . =N

v
BB WIND FARM - 15km offshore 8 tep up to 130-150 kV |k Using off-peak 3
= : el

-167 3 MW turbines tran 3 X

Mexico and around the globe. | &= -

“ """«\.:.‘e, ONSHORE
B 7 . SUBSTATION
S
>/ :

= Particularly valuable for a7 Y
Chlna, Indla and the Mlddle e e :h ' x
East. i NN

= Unclear which by-product will < "’ ::;i‘:::.'u:"z:::;::z",zaz':“* :
be most valuable: i Saray | A
— Liguid ammonia; or
— Desalinated water
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Several New Technological Advances Improve Offshore
Wind Turbines

= The University of Maine’s advanced composites (light, yet
strong material).

Floating Wind
Turbine Concepts

= Forward osmosis.

= Process to alter
electrolysis.

= All could result in
costs lower than
most alternate
energy sources.
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. Other Pending Ocean Energy Initiatives

= Once Wind Project is underway, OEI plans to embark on
evaluating every form of energy from the oceans:
— Tides
— Waves
— Currents

_ Aquatic biofuels All hold great promise and
are little understood
— Seeps

— Gas hydrates
— OTEC
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. Ocean Energy Is Our Last Frontier

= WWe know oceans contain vast energy sources.
= We know oceans make up 70% of our globe.

= | ocation is ideal: 60% of global population work and live
within 50 miles of coastlines.
Offshore Wind Energy:

= Offshore wind is highest quality A Path Forward
wind (and free).

= Other ocean sources can also
be tapped.

= 2.5 million new jobs could be
created in U.S. alone with
clean-energy investments.

= This exciting opportunity is where offshore oil and gas was
80-years ago.
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