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Lecture Goald tooo many
graphs here but we can stop and
discuss what you would like!!!

A 1) Alaska National Wildlife Reserdewhere what
and why

A2) Energyods high correla
A 3) Estimating changing global energy demand and the
new and growing role of China and India.
A 4) US Energy balance and consumption
A 5) Fossil Fuel Assessments in 2008
oil, natural gas,coal

Conversions

Quad = 170 million barrels of petroleum
41 million tons of Eastern bituminous coal
57 million tons of Western suibituminous coal
1 trillion cubic feet of natural gas
100 billion kilowatthours of electricity

But first some nifty energy terms to knov

A Problems in ANWR pp. 305306

A Energy Sources Figure 12-4 pp. 307
A Turbo generators and use pp. 30810
A How fossil fuels form pp. 313

A US Dependency on oil imports pp. 319
A Oil shale and sands pp. 323

A CHP systems pp. 326

A For USA, what % of global oil reserves and
consumption (p. 303).

A August 14 Brownout in USA/Canada p.310

Definitions

BTU = The quantity of heat, which is a form of energy, necessar
to raise the temperature of a pound of water from
39to 40 degrees F.

A Quadrillion is 1,000,000,000,000,000

AQuad = 16°BTUs

Atypical residential furnace is rated at 100,000 BTU/hour

North Slope Alaska

Arctic Ocean

Prudhoe
Bay

1002-Area
: T
:

..........
e f

Trans-Alaska
[ Federal Lands i

System
® Petroleum
accumulation

NPRA = National Petroleum Reserve in Alaska
ANWR = Arctic National Wildlife Refuge



ANWR Reserves

Qil in Quads
95% 5%

Part of Study Area  Probability Mean Probability
ANWR 1002 Area
Recoverable 25.0 45.1 69.4

Oil in Place 68.2 121.8 185.3
Entire Coastal

Recoverable 33.7 60.7 93.9

Qil in Place 91.8 163.5 248.8

2003 U.S. Crude Oil Consumption was 43.1 Quads
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Energy demand over time
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Source:Drivers of the Energy Scen@/orld Energy Council (2003)
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Energy is still essential to PROSPERITY!:
Relationship between energy consumption
and Human Development Index
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Per Capita Enerqy Consumption (KOEH)

Source:World Energy Use and Carbon Dioxide Emissidaig (2004)
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Is Sustainable Development an

Oxymoron?
A800 Billion barrels of oil (42 gal) have

already been used since 1897.

A24 5 billion barrels a year are used nov
worldwide--growing @ 2.0 %/year

Athe world could use 40 billion bbls/year
in 2020.Clearly, when we discuss
devel opment for t|
mean they can all have my water
heater é.



World primary energy consumption
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Middle East Demand Growth

Middle East: Share of Average Incremental

World Demand, 2007-2012
Total Preducts 7.2
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In the past 3 years, the Middie East has been growing at 59
per year on average — and this is set to continue.

Some U.S. Energy Factoids IN 20(
A Natural Gas 25.6% of energy consumed.
A Coal 22.9 % of energy consumed.

AOIL -mmmmmmm 37. 4% yeh m
ASO Fossil FUELS account for 85.9
% (p. 312) AND 50% is imported
A Renewable Energy-8 % (hydropower 2.7%)

ANuclear 8.3%

Regional consumption pattern 2005

Regional primary energy consumption
2005
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Where do we obtain our fuel:
U.S. production and import of crude oil...

Crude 0il, MM bbls/year

U.S. crude oil import |
top sources 2005

Mexico
Saudi Arabia

Venezuela

1950 1970 1990 Today

StrathKirn® Inc. Data source: USDOE-EIA

http://strathkirn.com/Presentations/ACSpresSTLO7.pdf



Global reserves of crude oil are finite
and are not uniformly distributed...

‘ Proved reserves total = ~1,200 B bbls E
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Venezuela

StrathKirn@ Inc Data source: USDOE-EIA; BP

http://strathkirn.com/Presentations/ACSpresSTLO7.pdf

United States Energy Consumption 2004

In Industry Units

Fuel Quads/Year Yearly Daily

Coal 22.5 Quads 1088.1 Million tons 2.95 Million tons
Natural Gas 19.3 Quads 19.6 Trillion cu ft 53.69 Billion cu ft
Crude Oil 11.5 Quads 1,955,000,000 Barrels 5,356,164 Barrels
NGPL 2.5 Quads 419,560,000 Barrels 1,149,479 Barrels
Pet. Imports 32.9 Quads 5,593,000,000 Barrels 15,323,288 Barrels
Pet. Imports 15,323,288 bbl/day = 643,578,096 gal/day

Total Petroleum 21,828,931 bbl/day = 916,323,102 gal/day

Electricity Flow, 2004

(Quadrillion Btu)

65% lost in
conversion

Surearoo This 65% is on the test!!

United States Energy Consumption 2004
In Quadrillion BTUs (Quads)

Coal 225 Solar 0.1
Natural Gas 19.3 Wind 0.1
Crude Oil 11.5 Subtotal 70.2
NGPL 25 Crude Oil Imp. 32.9
Nuclear Power 8.2 Adjustments 0.8
Hydro 2.7 Subtotal 103.9
Waste 2.8 Exports -4.4
Geothermal 0.3 Total 99.5

Total Energy Flow, 2004

(Quadrillion Btu)

Electricity Generation in the US

A Nuclear1999-107 nuclear plants in the US
generate 20% of our electricity Last built was
1996 (Watts Bar, TNjnone under
construction. (17% world power)

A Natural Gas accounts for 9 %

A Coal 57 % (we have a 400 year supply if we
figure out how to burn it more efficiently and
cleanly)

AQil --2% (just too expensive!!)

A Hydropower 11% (300 dams in NW and SE)

A Other (wood, renewables, garbage) 0.7%



Natural Gas Flow, 2004

(Trillion Cubic Feet)

Coal Flow, 2004

(Million Short Tons)

Global Oil Consumption and
Production

Petroleum Flow, 2004
(Million Barrels per Day)

66% for transportation
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Crude oil prices since 1861



