US Energy Use

Residential Uses
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Total Encrgy Consumption: 21.07 Quadrillion Btu



US Energy Sources

US Energy Consumption
by Source, 2007

Nuclear
8%

Data source: US Energy Information Administration

5. energy appetite Though the mix of fuels has changed, the appetite

for energy from the U.S. has grown steadily in the past 100 years.

400
TRILLIONS OF BTUs PER PERSON PER YEAR
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SCURCES: LS, Deptof Energy, LS, CensusBureau
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Renewable Energy Sources

All Energy Sources (7.0 Quadrillion Btu)
(94 2 Quadnillion Blu) - S0 1%
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ENERGY

US Consumption by Source v. Real GDP
1845-2001 Real GDP
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US Energy Use 100 quadrillion BTU

United States Consumption of Energy by Source

= Petroleum
Natural Gas

=== (Coal

= NUC l€3r

=== Biomass
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| OkWV per person = [00x a person’s energy from food
= 7 microwave ovens running continuously!
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B Lawrence Livermore

Estimated U.S. Energy Use in 2002: ~97.8 Quads National Laboratory

Net Electricity
Imports

8.14 11.73

v Electricity
Generation
38.10 Rejected
Energy
55.36

19.78

Residential
11.25

'/'/l:),(.'l
N

\

Commercial

.

8.84 Industrial

9.20

Trans-
25.91 portation
26.80

Source: LLNL 2008. Data is based on DOE/EIA-0384(2007), June 2008. If this information or a reproduction of it is used, credit must be given to the Lawrence Livermore National Laboratory
and the Department of Energy, under whose auspices the work was performed. Distributed electricity represents only retail electricity sales and does not include self-generation. EIA
reports flows for non-thermal resources (i.e., hydro, wind and solar) in BTU-equivalent values by assuming a typical fossil fuel plant "heat rate.” The efficiency of electricity production is
calculated as the total retail electricity delivered divided by the primary energy input into electricity generation. End use efficiency is estimated as 80% for the residential, commercial and
industrial sectors, and as 25% for the transportation sector. Totals may not equal sum of components due to independent rounding. LLNL-MI-410527




| B Lawrence Livermore

Estimated U.S. Energy Use in 2010: ~98.0 Quads National Laboratory

Net Electricity
Imports

8.44 12.71

21| Electricity
Generation
39.49 Rejected

19.13 Energy

56.13

Residential
11.79

Commercial
8.71

/i
AN

8.11 Industrial

S Prep— 5357
8.01

Trans-
portation
27.45

Source: LLNL 2011, Data is based on DOE/EIA-0384(2010), October 2011. If this information or a reproduction of it is used, credit must be given to the Lawrence Livermore National Laboratory
and the Department of Energy, under whose auspices the work was performed, Distributed electricity represents only retail electricity sales and does not include self-generation, EIA
reports flows for hydro, wind, solar and geothermal in BTU-equivalent values by assuming a typical fossil fuel plant "heat rate.” (see EIA report for explanation of change to geothermal in 2010).
The efficiency of electricity production is calculated as the total retail electricity delivered divided by the primary energy input into electricity generation. End use efficiency is estimated as 80% for
the residential, commercial and industrial sectors, and as 25% for the transportation sector. Totals may not equal sum of components due to independent rounding. LLNL-MI-410527




Estimated U.S. Carbon Dioxide Emissions in 2002: B Lawrence Livermore
~5813 Million Metric Tons National Laboratory

Electricity
IRLEN  Generation

Carbon
Dioxide
Emissions

Residential | 367 5813

|
57

452

Industrial 1059
’ 400

Trans-
portation

Source: LLNL 2009. Data is based on DOE/EIA-0384(2007), June 2008. If this information or a reproduction of it is used, credit must be given to the Lawrence Livermore National Laboratory and
the Department of Energy, under whose auspices the work was performed. Carbon embodied in industrial and commercial products such as plastics is not shown. The flow of petroleum to electricity
production includes both petroleum fuels and the plastics component of municipal solid waste. The combustion of biologically derived fuels is assumed to have zero net carbon emissions - lifecycle
emissions associated with biofuels are accounted for in the Industrial and Commercial sectors. Totals may not equal sum of components due to independent rounding. LLNL-MI-411167




Energy-Related U.S. Carbon Dioxide Emissions in 2010:
~5632 Million Metric Tons

399

Electricity
1828 Generation

B Lawrence Livermore
National Laboratory

Carbon
Dioxide
Emissions

Residential 5632

Commercial

Industrial

Trans-
portation

Source: LLNL 2011. Data is based on DOE/EIA-0384(2010), October 2011. If this information or a reproduction of it is used, credit must be given to the Lawrence Livermore National Laboratory and
the Department of Energy, under whose auspices the work was performed. Non-fuel carbon and non-energy CO2 i1s not shown. The flow of petroleum to electricity production includes
both petroleum fuels and the plastics component of municipal solid waste. The combustion of biologically derived fuels is assumed to have zero net carbon emissions - lifecycle emissions
associated with biofuels are accounted for in the Industrial and Commercial sectors. Emissions from US. Territories and international aviation and marine bunkers are not included.

Totals may not equal sum of components due to independent rounding. LLNL-MI-411167




US Energy Use and CO; Emission

Year  Energy Use Carbon Dioxide Emission Ratio

2002: 97.8 Quads 5813 Million Metric Tons 594
2003: 98.1 Quads 5866 Million Metric Tons 59.8
2004: 100.2 Quads 5957 Million Metric Tons 59.5
2005: 100.4 Quads 5982 Million Metric Tons 59.6
2006: 99.8 Quads 5890 Million Metric Tons 59.0
2007: 101.5 Quads 5991 Million Metric Tons 59.0
2008: 99.2 Quads 5814 Million Metric Tons 58.6
2009: 94.6 Quads 5428 Million Metric Tons 57.4
2010: 98.0 Quads 5632 Million Metric Tons 57.5
2011:  97.3 Quads




Petroleum

Advantages: Disadvantages:
- cheap - easy to access stuff is running low
- easy to transport - production of atmospheric CO>

- not enough local sources




Oil and Natural Gas Production in the United States

Explanation
B Oil Production Mixed Production
B Gas Production Dry Wells




« United States

® Remainder
« Europe

c
O
=
(>
=
d
O
—
o
O
w
T
>
—
O
-
—
2

QO O Q QO QO
N O N s ™M N

Aeq Jad sjasaeg uol||in



Imported Costs
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US Oil Production and Imports
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United States Oil Imports
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U.S. Crude Oil Production, 1900 to 2007
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Barrels per Day (millions)

US Oil Consumption US Transportation Consumption

Historical: +0.6%  : Projected: +1.2% = 20 Historical: +1.4%  : Projected: +1.4% _ Marine/Rail
: w : . .
) 4 Transportation .5 I5 + Aviation
0 E - Heavy Duty
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g « Cars
2- Light Trucks
. Industrial g ) SUVs
L . ' . Residential/Commercial a0
0 ¥~ Power Generation 0
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8020vision.com
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Transportation Efficiency

Plane - Concord

Plane - Private Jet

Plane - Commercial Jet
Car - Large

Car - Medium

Car - Small

Car - Diesel

Train - Diesel

Train - Electric, intercity
Train - Electric, subway
Bus - Single Decker

Bus - Double Decker
Bus - Long distance Coach

PSP PRSP OSSP S

Passenger Kilometers per Liter of Fuel
8020vision.com



Oil consumption around the world

Thousand barrels daily 2009
Norway  Sweden Fipland
Country
oo Barrels daily ’
% Change 2008 - 2009 Iceland Other 'ffn'ope& Eurasia
20 Lithuania 5??
1 .
6_} Pt

Netherlands Denmark
2.59?5
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Total World 9:?
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World oil consumptio
Thousand barrels daily, 1965 - 2009




Crude Oil Petroleum gas

Distillation Tower <40 C
C1 to C3

Gasoline

40-200 C
C4 to Ciz

Kerosene, jet fuel

200-250 C
C12 to 016

Heating oll
250-300 C
C15 to C18

Crude Oll

Lubricating Oll
300-370 C
Cio and up

L a4 A B AL Residue, asphalt
Cos @nd up

Heating Burner
C. Ophardt ¢.1998




Coal

Advantages: Disadvantages:
- plentiful - highly polluting (including CO3)

_ domestic sources - releases high levels of radioactivity
- expensive to transport







Power Source | The USs reliance on coal

Coal-producing areas of the U.S.

U.S. net electricity generation, Total estimated coal production,
in millions of megawatt hours, in millions of short tons
2008

United States | 1146
\C 229




Coal Production 2004-05 (Millions Short Tons) source eia, doe, gov

Electricity
Production

by Coal
B Over10Twh
8 to 10 TWh
6 to 8 TWh
2to 6 TWh

1to 2 TWh

Wyoming

40% of US production
transported to 34 states.

438 million tons in 201 |

known reserves:
4? billion tons

total resource:
| .4 trillion tons




Fossil Fuel Electric Power Generating Plant

Boiler Unit

Steam

Water

N meu Electricity

Condenser Generator

Cooling Water




Natural Gas

Disadvantages:
- running low
- hard to transport internationally
- produces CO»
- fracking

Advantages:
- lowest CO; producer
- CH4 is potent
greenhouse gas
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Global Distribution of Natural Gas Production
©2009 "Ranking America" (http://rankingamerica.wordpress.com)

“ Russia

« United States

- Canada

“Iran

« Norway

* Rest of the World

Data from CIA
https://www.cia.gov/library/publications/the-world-factbook/rankorder/2180rank.html




Legend

= Interstate Pipelines

-~ = |ntrastate Pipelines

Source: Energy Information Administration, Office of Oil & Gas, Natural Gas Division, Gas Transportation Information System







Schematic geology of natural gas resource
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Gas Production in Conventional Fields, Lower 48 States
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Solar

Advantages: Disadvantages:

- clean! - expensive

- plentiful - not available at night
- available worldwide




Top 10 states for solar power U.S. Solar Electric Installed Capacity 2010
otaleés with the most megawatls oi The top 7 states accounted for 76% of the market in 2010

All Others: 24%

N | California: 27%

Pennsylvania: 5%

Colorado: 6%
New Jersey: 14%

Arizona: 6%

N da: 6%
evagaLDe Florida: 12%




Plummeting Cost of Solar PV
{Cost Per Watt in 2009 Dollars)

RE8R2855883335808800RRRRRR

Source Data: DOE NREL Solar Technologies Market Report, Jan 2010

8 Grd-Connected
l 8 Off-Grid

159S 2000 2001 2002 2003 2005 2007 2008




Direct Normal Solar Radiation

(Two-Axis Tracking Concentrator)

Model estimates of monthly average daily total radiation using inputs
derived from satellite and/or surface observations of cloud cover,
aarosol optical depth, precipitable water vapor, albedo, atmospheric
pressure and ozone resampled to a 40km resolution. See

http: ifvawe nrel govigslil_csp html documentation for more details
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ermany has 60x more installed solar

Photovoltaic Solar Resource : United States and Germany
> 2
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Annual average solar resource data are for a solar collector oriented toward the south at a tilt = local latitude. The data for Hawaii and the 48 contiguous
states are derived from a model developed at SUNY/Albany using gecstationary weather satellite data for the period 1988-2005. The data for Alaska are
derived from a 40-km satellite and surface cloud cover database for the period 1985-1991 (NREL, 2003). The data for Germany were acquired from the
Joint Research Centre of the European Commission and is the yearly sum of global irradation on an optimally-inclined surface for the period 1981-1890.




Cost of 4kW Solar: U.S. v Germany
I

B Profit
Sales Tax
Overhead

Customer Acq.

Permitting
B Supply Chain
B W Labor

"L rluul }_'d"duc‘ e

. Inverter
panel - [L§R

United States Germany




Hydro

Advantages:

- renewable Disadvantages:
- on-demand - dams bad for fish, river valleys

- can store energy - nearly fully developed




Schematic of a Hydroelectric Dam

A AAANAANANANANANA

Reservoir

Long Distance

Powerhouse Power Lines

/_

Penstock

Source: Tennessee Valley Authority.

Hydropower and other renewable electricity generation, 1950.2010
MIBON Megawaltnowrs

o': - Vv
100
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. 199¢ 1994 1998 2007 2006 201C
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High Head/Low Power
Existing Hydroelectric Plant
B Exclusion Area




Nuclear

Disadvantages:
- radioactive waste
- terrorist threat
- proliferation
- natural disasters
- accidents

Advantages:
- no CO; production
- plentiful Uranium supply?







Wind

Disadvantages:

Advantages: - sporadic

- clean! - bird kills?
- cheap! - limited supply
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Daily produced power from wind energy
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The characteristics of wind energie inputin germany
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Total: 16,596 MW

(As of 12731.07)

2007 Year End Wind Power Capacity (MW)

Hawall

63

Wind Power Capadty
Megawatss (MWY)

B 1000 - 4300
B 1001000
C 20-100
=1 1-.20

Cumulative installed capacity (in MV)
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S000
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Mass
S

Rhode Island - 1
Now Jorsoy
8

Wes!
Virginia
66

Data f2om the American
Wind Enecgy Association
IAWEA) and Globad Enrgy
Concepts (GEC) database

U.S. Departiment of Enengy
Natonal Recowatie Energy Laboratory




UNITED STATES ANNUAL AVERAGE WIND POWER

PRINCIPAL o . a NETTY
HAWAIIAN CLASSES OF WIND POWER DENS!
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Geothermal

Disadvantages:
- not renewable
- not greatly expandable

Advantages:
- cost effective
- clean!
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How it works
€ Turbine

@

Generator

- I Injection
Production Q well
well




Biomass

Advantages:
- nearly CO3; neutral
- renewable

Biomass Resources




What the U.S. Should Do

- Develop renewables in regions that make sense

- Invest in new nuclear plants

- Develop CO; sequestration to enable use of coal
- Improve efficiency of cars, appliances, energy use












