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  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  

 



Lawrence Livermore National Laboratory 

…Across The Planet 
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Source:  W. Hermann, Stanford GCEP Systems Analysis Group 2004.  (1 ZJ = 1021J) 
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… Across Borders 
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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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R a n k 

C o u n t r y P c t X   ( Z J ) 

1 U S A 1 7 . 8 % 6 . 1 7 

2 R u s s i a n   F e d e r a t i o n 1 6 . 5 % 5 . 7 0 

3 C h i n a 7 . 9 % 2 . 7 4 

4 A u s t r a l i a 5 . 8 % 2 . 0 1 

5 I r a n 5 . 4 % 1 . 8 7 

6 S a u d i   A r a b i a 5 . 2 % 1 . 8 0 
7 I n d i a 4 . 8 % 1 . 6 5 

8 S o u t h   A f r i c a 4 . 3 % 1 . 4 8 

9 K a z a k h s t a n 3 . 6 % 1 . 2 6 
1 0 Q a t a r 3 . 1 % 1 . 0 6 

G l o b a l   F o s s i l   R e s e r v e s   ( Z J ) 3 4 . 6 

T o t a l   F o s s i l   R e s e r v e s   ( P r o v e d ) 

Source: “Statistical Review of World Energy 2007”, BP 1 ZJ = 1021 J, 1 EJ = 1018 J, 1 Quad ~ 1 EJ 

Factoids: 

• Only Russian Federation is in the “Top 10” for each 
type—Honorable mention to U.S. (#11 in oil) 

Estimate of Global Fossil Reserves (Proved)
Rank

Country Pct X (ZJ) Country Pct X (ZJ) Country Pct X (ZJ)

1 Saudi Arabia 22.1% 1.52 Russian Federation 26.3% 1.83 USA 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

Gas CoalOil
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… For U.S. Defense 
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~1-2 Small Arms Munitions 
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25hp @ 700RPM 
30 rds = 140 kJ 

~100W 

Food ~ 120W 
Water ~ 5L/day 

Munitions 

Electricity 

Supplies 
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MH-60S 
2x GE700-401 
10MW shaft (peak) 

F/A-18E 
2x GE F414-400 
35MW thermal (CAP nominal) 
 

Ticonderoga Class 
4x LM2500 
64MW shaft (peak) 
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Where to innovate? 
A Mini-Study In Electricity 
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$2.50 ($/therm) Residential illustration 
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Geopolitics and Economics 



Lawrence Livermore National Laboratory 

0

2000

4000

6000

8000

10000

12000

0 1000 2000 3000 4000 5000 6000 7000

CO2 (MMT)

G
D

P
(P

P
P

) 
(B

il
li

o
n

 2
0
0
0
$
)

Source: “Key World Energy Statistics 2006”, IEA 

R2 = .944 
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$2.50 ($/therm) 

A-1 

A-6, E-19, E-20 

A-6 

A-10 

TOU Peak 
Summer 

A-1 

Peak Daytime Pricing 
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47hp @ 650RPM 
200 rds = 1800 kJ 

25hp @ 700RPM 
30 rds = 140 kJ 

~850 kJ 
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~ 11,000 kJ 

180hp @ 450RPM 
200 rds = 9140 kJ 

1900 hp @ 625 RPM 
578 rds = ~250,000 kJ 
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Most of our energy comes 
 from carbon-based reservoirs 

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


