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Energy for Defense: DoD Electricity Use
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Agenda

= .. Across the Planet
= .. Across Borders
= ... Through Engineered Systems

= .. For U.S. Defense

= Mini Study on Electricity
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Putting “"Energy” In Its Place

= No energy sources: only transfers and reservoirs

= Transfers or Flows (“Renewables”)

Direct Solar (insolation)

Indirect Solar (wind, waves, hydro, biomass)
Geothermal (mantle heat)

Gravitic (tides)

= Reservoirs or Stocks
« Oil, Gas, Coal (biomass pre-processed by the planet)
* Nuclear Fuels (Uranium, Thorium, Deuterium, Lithium)
* Methane Clathrates

u' Lawrence Livermore National Laboratory



~ ...Across The Planet
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Solar energy Is vast
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Solar drives other renewables

Mantle Thermal Gravitational N
Nuclear Kinetic
Radiation Chemical

L

32 Heat

162000 34000 Upper Atmosphere Reflection || 5000 Surface Reflection
Atmospheriq 3 W0.06 Wind Energy 0.016 Solar Energy
Solar Absorbtion | 4 avesi:‘ ) \é\:jae“;e 100 Ocean Thermal Gradient
Radiation 31000 870 Wind 9 S——3 0 OTEC
= Surface : 7.2
36000 38000 B\ Heating j Rivers 54 Hyg;g_s
o Surface Incident 41000 Evaporation 4 electricity
Diffusion 00
90 Photosynthesis 5 Wood Fuel Nuclear Fuel 22 Clouds
3.5 Ocean Tides O 0.2 Ethanol 1000 Z]
k@-—) 0.0005 Tidal §|0 Z] 0.04 Carbon Burial Uranlum 31,0Q Z]
Energy "lants 3.6 Coal ) Lithium
L Solid Earth “"' ’ 300 Z]
0-2 Tides Methane Clathrate 270 2 Coal( = 5.0 Oil Thorium 360000 Z]
i ' Seawater /7
Geothermal Energy / 1102 0l _ 1e10 ZJ : -
—= 0.03 50 Z] Gas - ?3.2 Gas  peyrerigm  Uranium

» Natural Exergy Destruction —<=- Exergy Accumulation
— Human Use for Energy Services = Exergy Flux [TW]

Source: W. Hermann, Stanford GCEP Systems Analysis Group 2004.



Geothermal as non-carbon resource
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lobal energy i1s mostly non-renewable
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In the following animation:

Shows fossil major (~100EJ) reserves on an energy basis (LHV)
Magnitude of reserve shown in “altitude”

100 EJ is approximately 1 year of U.S. Energy

Red is Coal, Blue is Natural Gas, Green is Petroleum
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Global Fossil Reserves
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Russia is a giant

Estimate of Global Fossil Reserves (Proved)

Rank Oil Gas Coal
Country Pct X (ZJ) Country Pct X (ZJ) Country Pct X (2J)
1 Saudi Arabia 22.1% 1.52] Russian Federation 26.3% 1.83JUSA 27.9% 5.79
2 Iran 11.5% 0.79] Iran 15.5% 1.08]Russian Federation 16.5% 3.41
3 Iraq 9.4% 0.65] Qatar 14.0% 0.97]China 12.3% 2.55
4 Kuwait 8.5% 0.59] Saudi Arabia 3.9% 0.27]Australia 9.1% 1.88
5 United Arab Emirates 7.9% 0.54| United Arab Emirates 3.3% 0.23}India 7.6% 1.57
6 Venezuela 7.0% 0.48] USA 3.3% 0.23]South Africa 7.2% 1.48
7 Russian Federation 6.6% 0.46] Nigeria 2.9% 0.20}Kazakhstan 4.4% 0.91
8 Libya 3.3% 0.23] Algeria 2.5% 0.17]Ukraine 3.9% 0.81
9 Kazakhstan 3.3% 0.23| Venezuela 2.4% 0.17]Other Europe & Eurasia 2.1% 0.44
10 Nigeria 3.0% 0.21} Iraq 1.7% 0.12]Poland 2.1% 0.43
11. USA 2.2% 0.16
13. China 1.4% 0.09]17. China 1.3% 0.09
22. India 0.5% 0.03]27. India 0.6% 0.04
Global Oil Reserves (ZJ) 6.91 Global Gas Reserves (ZJ) 6.96 Global Coal Reserves (ZJ) 20.73
-
Country Pct X (ZJ) Factoids:
0,
L. ke >l e Only Russian Federation is in the “Top 10" for each
FChina ot o type—Honorable mention to U.S. (#11 in oil)
4 Australia 5.8% 2.01
5 Iran 5.4% 1.87
6 Saudi Arabia 5.2% 1.80
7 India 4.8% 1.65
8 South Africa 4.3% 1.48
9 Kazakhstan 3.6% 1.26
10 Qatar 3.1% 1.06
Global Fossil Reserves (ZJ) 34.6
Source: “Statistical Review of World Energy 2007”, BP 1ZJ=10%"J,1 EJ=10'%J, 1 Quad ~ 1 EJ
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There is more to fossil than ol

Estimate of Global Fossil Reserves (Proved)

Rank Oil Gas Coal
Country Pct X (ZJ) Country Pct X (ZJ) Country Pct X (2J)
1 Saudi Arabia 22.1% 1.52] Russian Federation 26.3% 1.83JUSA 27.9% 5.79
2 Iran 11.5% 0.79] Iran 15.5% 1.08]Russian Federation 16.5% 3.41
3 Iraq 9.4% 0.65] Qatar 14.0% 0.97]China 12.3% 2.55
4 Kuwait 8.5% 0.59] Saudi Arabia 3.9% 0.27]Australia 9.1% 1.88
5 United Arab Emirates 7.9% 0.54| United Arab Emirates 3.3% 0.23}India 7.6% 1.57
6 Venezuela 7.0% 0.48] USA 3.3% 0.23]South Africa 7.2% 1.48
7 Russian Federation 6.6% 0.46| Nigeria 2.9% 0.20|Kazakhstan 4.4% 0.91
8 Libya 3.3% 0.23] Algeria 2.5% 0.17]Ukraine 3.9% 0.81
9 Kazakhstan 3.3% 0.23| Venezuela 2.4% 0.17]Other Europe & Eurasia 2.1% 0.44
10 Nigeria 3.0% 0.21} Iraq 1.7% 0.12]Poland 2.1% 0.43
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.
Country Pct X (2J) Factoids:
0,
L. o e Only Russian Federation is in the “Top 10" for each
I China ot o type—Honorable mention to U.S. (#11 in oil)
4 Australia 5.8% 2.01
e 54% 1871 e There are 5 reserves larger than Saudi oil
6 Saudi Arabia 5.2% 1.80
7 |mdia 4.8% 165 (4 coal, 1 gas)
8 South Africa 4.3% 1.48
9 Kazakhstan 3.6% 1.26
10 Qatar 3.1% 1.06
Global Fossil Reserves (ZJ) 34.6
Source: “Statistical Review of World Energy 2007”, BP 1ZJ=10%"J,1 EJ=10'%J, 1 Quad ~ 1 EJ
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Manifest geology?

Estimate of Global Fossil Reserves (Proved)

Rank Oil Gas Coal
Country Pct X (ZJ) Country Pct X (ZJ) Country Pct X (2J)
1 Saudi Arabia 22.1% 1.52| Russian Federation 26.3% 1.83JUSA 27.9% 5.79
2 Iran 11.5% 0.79] Iran 15.5% 1.08|Russian Federation 16.5% 3.41
3 Iraq 9.4% 0.65] Qatar 14.0% 0.97]China 12.3% 2.55
4 Kuwait 8.5% 0.59] Saudi Arabia 3.9% 0.27]Australia 9.1% 1.88
5 United Arab Emirates 7.9% 0.54] United Arab Emirates 3.3% 0.23]India 7.6% 1.57
6 Venezuela 7.0% 0.48] USA 3.3% 0.23]South Africa 7.2% 1.48
7 Russian Federation 6.6% 0.46] Nigeria 2.9% 0.20}Kazakhstan 4.4% 0.91
8 Libya 3.3% 0.23] Algeria 2.5% 0.17]Ukraine 3.9% 0.81
9 Kazakhstan 3.3% 0.23| Venezuela 2.4% 0.17]Other Europe & Eurasia 2.1% 0.44
10 Nigeria 3.0% 0.21] Iraq 1.7% 0.12}Poland 2.1% 0.43
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FChina ot o type—Honorable mention to U.S. (#11 in oil)
4 Australia 5.8% 2.01
e 54% 1871 e There are 5reserves larger than Saudi oil
6 Saudi Arabia 5.2% 1.80
7 |india 4.8% 1.65 (4 coal, 1 gas)
8 South Africa 4.3% 1.48 . .
9 |Kazakhstan 3.6% 126] ® U.S Coalislarger than the Top 10 oil reserves
10 Qatar 3.1% 1.06 Combined
Global Fossil Reserves (ZJ) 34.6
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.S. Energy

B Lawrence Livermore

Estimated U.S. Energy Use in 2011: ~97.3 Quads | National Laboratory
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Energy for Defense: DoD Electricity Use
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DoD Operational Fuel Use in 2008
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nergy for Defense: DoD Fuel Use

DoD Operational Fuel Use in 2008
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“Energy” for Defense

Munitions 25hp @ 700RPM
30 rds =140 kJ
Electricity
=
Supplies Food ~ 120W

Water ~ 5L/day ﬁ

@ Lawrence Livermore National Laboratory
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Where to innovate?
A Mini-Study In Electricity
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Energy for Defense: DoD Electricity Use
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Natural Gas “FuelEx"” - Technology Neutr

FuelEx as a function of natural gas pricing
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Capital Cost of Generation - Technology

Generation CapEx
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What is the desired end state?
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eopolitics and Economic
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egate National GDP vs CO2
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GDP(PPP) Per Capita (Thousand 2000$/person)
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Wealth and Life Expectancy (2003)
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Natural Gas OpEx relative to PG&E pricin

Electricity Costs based on Natural Gas Pricing
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CapEx of Sample Technologies (Context)

Generation CapEx
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Energy for Individual Weapons

25hp @ 700RPM
30 rds =140 kJ

IO L7hp @ 650RPM
200 rds = 1800 kJ
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ew-Served Weapons

18ohp @ 450RPM |
200 rds =9140 k] 8

1900 hp @ 625 RPM
578 rds = ~250,000 kJ

~ 11,000 kJ

‘ Lawrence Livermore National Laboratory 40



Global energy is mostly non-renewable

Most of our energy comes

from carbon-based reservoirs

Source: W. Hermann, Stanford GCEP Systems Analysis Group 2004.



