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Aspects of energy security
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Sufficient supplies at prices that do not
disrupt ordinary economic activity

Dependence on oil imports
Vulnerability to oil price shocks
Climate change mitigation
Climate change adaptation
More than oll




Dependence on imported oil is declining from 2005 peak

U.S. Petroleum and Other Liquids,
Consumption, Production, and Imports
(1949-2011)
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Source: U.S. Energy Information Administration, Monthly Energy Review,
Table 3.1 (April 2012), preliminary data, and Annual Energy Review, Table
5.1a (October 2011).
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Gasoline prices have become more volatile

o Gasoline price changes
1990-2012
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Energy insecurity has been defined as
1500 vulnerability to price volatility.

CNA



Gasoline prices have become more volatile

20.00

15.00

10.00

5.00

-5.00

Weekly price change (%)

-10.00

-15.00

CNA

Gasoline price changes
1990-2012

4.5

|

0.00 H

JI L | nu_i"
'I”"'w' y /Y

l.,l_ltllix J
1’1' IT

h

M

hl‘ ' H'.\
| I
|

A

|
|
v

- 0.5

(94) sebueyd aoud Jo yloows Moam-aaly |



Alternative vehicles: They use less petroleum,
but producing their fuel guzzles more water.

Gallons of Water Depleted to Travel 100 Miles
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Ethanol vehicle

S 000000 -

Hydrogen fuel-cell vehicle

S 0000 2

Plug-in hybrid electric vehicle

- 6 1-14 NOTES: For ethanol made from irrigated corn. Hydrogen for fuel cells is made by electrolysis
of water with electricity from standard grid. Water for hybrids cools local power plants
Gasoline vehicle and processes their energy source. Water is used to extract and refine oil for gasoline.

Source: Webber, 2008.
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A lot of corn is being used for ethanol

Corn for ethanol

Percent of total production
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A lot of corn is being used for ethanol
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Food Price Index
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36% of food price increases due to biofuel production

260

240

220

200

180

160

140

120

240
220
200
180
160
140
120
100

80

[
ey i (5), Baypt (3,

L I 'I Sudan (3)

i ll (/"] Cameroon (40)\‘
i ] Yemen (12) ‘\
/ i

i, A,

L A M — - Mozambique (6) i

| T TR W TR SN TR T T ' g epe 3oty
1990 1995 2000 2005 010 :
Mauritania (2) ] =

India (4) |
Somalia (5) d

Burundi (1)

Cote d'Tvoire (1) gopalia (5)

\ India (1).
% Sudan (1)

Allgeria (4), Saudi Arabia'(1)
Mauritania (1), Sudan (1), Yemen (300+) _|

Oman (2). Morocco (5)
-aq (29), Bahrain (31)

i Syria (900+)
i Uganda (5)

Tunisia (1) Egypt (800+) -
Libya (10000+)—
Tunisia (300+)

Mozambique (13)

L= = B N NN NN N NN N N N RN R NN R NN NN NN NN R NN N

2004 2006 00

2010 2012

Sources: Lagi, et al. 2011; Babcock and Fabiosa, 2011.

11



U.S. Energy Flows, 2010 (quadrillion BTUSs)
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U.S. Energy Flows, 2010 (quadrillion BTUSs)
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Estimated U.S. Freshwater* Withdrawals in 2000: |
~345,000 Mgal/day

Use

Source

Domestlc self-supply :
3,590

Surface water | Public supply 43,300

[ Industrlal/mining 20,510]

Thermoelectric
power
136,000

Irrigation/livestock/
agquaculture

. Ground water = ' ' 142,460
83,300

Lawrence Livermore National Laboratory, May 2004
http:fieed linlgowiflow

Source: 1.5, Geological Survey, Circular 1268, Tables 1-4.

*In addition, 62,300 Mgal‘day of zaline water waz wi primarily for i LeEs.
Mots: Numberz shown may not add to totale becauss of indspendent reunding.
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Water Required to Generate
— One Megawatt-hour o
of Electricity Using ...

00000000

Gas/steam combined cycle 7,400-20,000 gallons

Coal and o1l 21,000-50,000

Nuclear 25,000-60,000
Data are for plants that draw and dump water; plants with cooling towers use less.

CN/A  Source: Webber, 2008. .
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Drought limited power production in Texas

U.S. Drought Monitor SePtenos s 20"

infensity

[] DO Abnormally Dry
[ ] D1 Drought - Moderate
[ D2 Drought - Severe

I O3 Drought - Extreme
I D4 Drought - Exceptional

The Drought Monitor focuses on broad-scale condifions,
Local conditions may vary. See accompanying text summary

for forecast stafements

Drought Impact Types
r~' Delineates dominant impacts

A = Agricultural (crops, pastures,
grasslands) j::?

H = Hydrological (water)

Released Thursday, September 15, 2011

http://drought.unl.edu/dm Author: Mark Svoboda, National Drought Mitigation Center
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Drought limited power production in Texas

U.S. Drought Monitor SePteues i 2"

e
u
nfensity: Drought Impact Types:
[] DO Abnormally Dry " Delineates dominant impacts e ) )
[] D1 Drought - Moderate A = Agricultural (crops, pastures, power I1s win d

[ D2 Drought - Severe grasslands)
I O3 Drought - Extreme H = Hydrological (water)
I C4 Drought - Excephonal

USDA

The Drought Monitor focuses on broad-scale conditions. il A\

Local conditions may vary. See soccompanying text summary

for forecast statements. Released Thursday, September 15, 2011
http://drought.unl.edu/dm Author: Mark Svoboda, National Drought Mitigation Center
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Fracking is driving down gas prices

Natural Gas Wellhead Price ($/000cf)
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MEDIUM DEVELOPMENT SCENARIO
(I0,000 NEW WELL PADS BY 2030 WITH AN AVERAGE OF 6 WELLS PER PAD)
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The share of gas in electric power Is at an historic high.

Annual share of fossil-fired electric power generation, 19530 - 2012*
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Cost and environmental factors for power generation

Energy technology

Existing
Conventional coal

Nuclear
New

Conventional coal
Advanced coal

Advanced coal + CCS

NGCC
NGCC + CCS
Wind, onshore

Efficiency

CNA

Average

of electricity,
$/MWh

62
59

95
109
126

66
89
97
25

Median water

levelized cost withdrawal by

cooling type,
gal/MWh

531 - 36,350
1,101 - 44,350

531-17,914

390
596

253
496

Median water
consumption
by cooling

type,
gal/MWh

471-250
672-269

493-779
372
540

198
378
0
0

COy, Ib/MWh

1,886

1,886
1,755
206
797
86

22



Cost and environmental factors for power generation

Energy technology

Existing
Conventional coal

Nuclear
New

Conventional coal
Advanced coal

Advanced coal + CCS

NGCC
NGCC + CCS
Wind, onshore

Efficiency

CNA

Average

of electricity,
$/MWh

62
59

95
109
126

66
89
97
25

Median water

levelized cost withdrawal by

cooling type,
gal/MWh

531 - 36,350
1,101 - 44,350

531-17,914

390
596

253
496

Median water
consumption
by cooling

type,
gal/MWh

471-250
672-269

493-779
372
540

198
378
0
0

COy, Ib/MWh

1,886

1,886
1,755
206
797
86

23



Cost and environmental factors for power generation

Average  Median water Micdian water

levelized cost withdrawal by consumption
Energy technology of electricity, cooling type, bytcoollng COy, Ib/MWh
$/MWh gal/MWh gam‘?\/h
Existing
Conventional coal 62 531-36,350 471-250 1,886
Nuclear 59 1,101 - 44,350 672-269 —
New
Advanced coal + CCS 126 596 540 206
NGCC 66 253 198 797
NGCC + CCS 89 496 378 86
Wind, onshore 97 — 0 —
Efficiency 25 — 0 —
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Cost and environmental factors for power generation
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Cost and environmental factors for power generation

Average  Median water Micdian water

levelized cost withdrawal by consumption
Energy technology of electricity, cooling type by cooling  COg, Ib/MWh
| " type,
SN gal/MWh al/MWh

New
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