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OCEANS:

Mass: 1.4 x 1021 kg
Area: 3.6 x 108 km2

Average depth: ~4 km

How much ice needs to melt
to raise the level by 1 cm?

Enough to add 3.6 x 108 km2 x 10-5 km =
3.6 x 103 km3 of water
= ~ 4 x 103 km3 of ice

~3 x 106 km3

~3 x 107 km3

 ~10 meter

 ~100 meter
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OCEANS:

Mass: 1.4 x 1021 kg
Area: 3.6 x 108 km2

Average depth: ~4 km

What temperature change
will raise the level by 1 cm?

expansion coefficient:
between 0 (at 3 C) to 2 x 10-4 K-1 (at 20 C)
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Covalent Bond Energy
• Covalent bond energy is measured by the energy 

required to break the bond.

• The bond enthalpy, ∆(X-Y) is the average H for 
breaking one mole of X-Y bonds in the gas phase:

(C-O) = H
= 358 kJ

• When one mole of X-Y bonds is formed, the enthalpy 
change is  H(X-Y).

C   O



C   +   O 





Bond Enthalpies and Bond Lengths

As bond order increases, the bond enthalpy increases and 
the bond length decreases.

(CC) = 348 kJ 0.154 nm

(C=C) = 614 kJ 0.134 nm

(CC) = 839 kJ 0.120 nm

(CO) = 358 kJ 0.143 nm

(C=O) = 799 kJ 0.123 nm

(CO) = 1072 kJ 0.113 nm
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Bond Enthalpies and Hrxn

Consider the reaction of H2 and O2 to form H2O:

H for breaking bonds = 2 (H–H) + (O=O)

H for forming bonds = 4- (O–H)

Hrxn = 2 (H–H) + (O=O) - 4 (O–H)

H =  (bonds broken) -  (bonds formed)

H   H  +  H   H  +  O   O=
 

 

H   O   H  +  H   O   H 







13a–26

Bond Enthalpies and Hrxn

Estimate H for the combustion of CH4:

H = 4 (C–H) + 2 (O=O)

- 2 (C=O) - 4 (O–H)

= [ 4(413) + 2(495) - 2(799) - 4(463) ] kJ

= -808 kJ 

+

 + 

H   C   H

H

H

2  O   O=


 



O   C   O= =


 


2  H   O   H





Comparing fuels

• Natural gas: 
CH4 + 2O2 → CO2 + 2 H2O 
∆H=-808 kJ/mol

• Coal: 
C + O2 → CO2

• Oil: 
C20H42 + 30½O2 → 20CO2 + 21 H2O 

Comparing fuels

• Natural gas: 
CH4 + 2O2 → CO2 + 2 H2O 
∆H=-808 kJ/mol

• Coal: 
C + O2 → CO2
∆H=-393.5 kJ/mol

• Oil: 
C20H42 + 30½O2 → 20CO2 + 21 H2O 

Comparing fuels

• Natural gas: 
CH4 + 2O2 → CO2 + 2 H2O 
∆H=-808 kJ/mol

• Coal: 
C + O2 → CO2
∆H=-393.5 kJ/mol

• Oil: 
C20H42 + 30½O2 → 20CO2 + 21 H2O 
∆H=-13315 kJ/mol
∆H=-666 kJ/mol.CO2
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Comparing fuels

Production of 1 GigaJoule of energy releases:

• Natural gas: 
(109 J ÷ 808,000 J/mol ) x 0.044 kg/mol = 
54.5 kg CO2

Comparing fuels

Production of 1 GigaJoule of energy releases:

• Natural gas: 
(109 J ÷ 808,000 J/mol ) x 0.044 kg/mol =
54.5 kg CO2

• Coal: 

• Oil: 

Comparing fuels

Production of 1 GigaJoule of energy releases:

• Natural gas: 
(109 J ÷ 808,000 J/mol ) x 0.044 kg/mol =
54.5 kg CO2

• Coal: 
112 kg CO2

• Oil: 
66 kg CO2

• Natural gas: 
CH4 + 2O2 → CO2 + 2 H2O 
∆H=-808 kJ/mol

• Coal: 
C + O2 → CO2
∆H=-393.5 kJ/mol

• Oil: 
C20H42 + 30½O2 → 20CO2 + 21 H2O 
∆H=-13315 kJ/mol
∆H=-666 kJ/mol.CO2

Production of 1 GigaJoule of energy

• Natural gas: 
54.5 kg CO2

• Coal: 
112 kg CO2

• Oil: 
66 kg CO2

Copyright © Houghton 
Mifflin Company. All 
rights reserved

13a–36

ATP energy
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13a–37

ATP energy

Repulsion weakens these bonds

Resonance!

October 12, 1999: 6 billion!

Now doubling every 61 years

December, 2012: 7 billion!
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1000 kilowatt-hours of electricity is equivalent 
to the average amount of electricity 
consumed per month by:

• 1 resident of the United States.  

• 2.3 residents of Europe. 

• 7.6 residents of Mexico. 

• 7.4 residents of South America. 

• 12.35 residents of the Far East

• 26.3 residents of Africa. 

. 

1000 kilowatt-hours of electricity is equivalent 
to the energy stored in each of the 
following:

• 574 fast-food meals .  

• 34 pieces of firewood. 

• 28.5 gallons of gasoline. 

• 274pounds of coal.

• 34 therms of natural gas . 

• lead-acid battery weighing 61110 
pounds.

1000 kilowatt-hours of electricity production 
emits the following pollutants:

Kg Ping pong balls

CO2 782.5 14960000

SO2 1.9 35900

NOX 1.6 30530

And require 422 gallons of cooling 
water

Oil consumption per capita Major oil trade movements
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Coal production - Coal consumption

Natural gas consumption per 
capita

Major natural gas trade 
movements
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~ 2 TerraWatts = 2 x 1012 Watts (2000 million K)

Per Year: 2 x 1012 x (60x60x24x365) =
~ 60 x 1018 Joules = 60 ExaJoules

Limiting the global 
temperature rise at 2%, 
considered as a high risk level 
by the Stockholm Environmental 
Institute, demands 75% 
decline in carbon emissions 
in the industrial countries by 
2050
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World energy consumption
In 2009, world energy consumption decreased for the first time in 30 years (-
1.1%) or 130 Mtoe (Megaton oil equivalent), as a result of the financial and 
economic crisis (GDP drop by 0.6% in 2009).

This evolution is the result of two contrasting trends. Energy consumption 
growth remained vigorous in several developing countries, specifically in Asia 
(+4%). Conversely, in OECD, consumption was severely cut by 4.7% in 2009 
and was thus almost down to its 2000 levels. 

In North America, Europe and CIS, consumptions shrank by 4.5%, 5% and 
8.5% respectively due to the slowdown in economic activity. China became 
the world's largest energy consumer (18% of the total) since its consumption 
surged by 8% during 2009 (from 4% in 2008). 

Oil remained the largest energy source (33%) despite the fact that its share 
has been decreasing over time. Coal posted a growing role in the world's 
energy consumption: in 2009, it accounted for 27% of the total.

In 2008, total worldwide energy consumption was 474 exajoules
(474×1018 J=132,000 TWh). This is equivalent to an average annual power 
consumption rate of 15 terawatts (1.504×1013 W) 

The potential for renewable energy is: 
•solar energy 1600 EJ
•wind power 600 EJ
•geothermal energy 500 EJ 
•biomass 250 EJ 
•hydropower 50 EJ 
•ocean energy 1 EJ

More than half of the energy has been consumed in the last two decades 
since the industrial revolution, despite advances in efficiency and 
sustainability.

According to IEA world statistics in four years (2004–2008) the world 
population increased 5%, 

annual CO2 emissions increased 10% and gross energy production 
increased 10%.

Most energy is used in the country of origin, since it is cheaper to transport 
final products than raw materials. 

In 2008 the share export of the total energy production by fuel was: 
•oil 50% 
•gas 25% 
•hard coal 14% 
•electricity 1% 
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The term solar constant is the amount of incoming solar electromagnetic 
radiation per unit area, measured on the outer surface of Earth's atmosphere, 
in a plane perpendicular to the rays. The solar constant includes all types of 
solar radiation, not just visible light. 

It is measured by satellite to be roughly 1366 watts per square meter, though it 
fluctuates by about 6.9% during a year—from 1412 W m−2 in early January to 
1321 W m−2 in early July, due to the Earth's varying distance from the sun.

For the whole Earth, with a cross section of 127,400,000 km2, the total energy 
rate is 174 petawatts (1.740×1017 W), plus or minus 3.5%. 

This value is the total rate of solar energy received by the planet; about half, 
89 PW, reaches the Earth's surface.

Per hour: 3600 x 89 x 1015 = 3 x 1020 J

Earth electricity use per year 70 EJ = 7 x 1019 J

Total surface area of earth  5.1  1014 m2

Land  25%  1.3  1014 m2  13 Gha

(1 hm = 102 m; 1 ha = 1 hm2 = 104 m2)

Need a fraction of 1 hr/ I year = 1/(24x365) = ~ 10-4

This is ~ 5 x1010 m2 = 50,000 km2

Or~ 200 x200 km

NB: India: 3.3 x 106 km2

NB: Reduction of CO2 requires 480 kJ/mol

11880
 kJ/mol
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11880
 kJ/mol
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675 nm

E=176 kJ/mol

8E=1408 kJ/mol
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

*

PAR = photosyntehtically active radiation

400-700 nm --- 43%

8 PAR photons fix 1 CO2

Total efficiency --- realistically about 0.25% on average

India: 3.3 x 106 km2

Plant 2/3  3.2 x 1019 J per year

Approximate present land use:

Million hectares

Total Land 13,000

Forest & savannah 4,000

Pasture & Range 3,100

Cropland 1,500

Total Food 4,600

~11% of earth’s surface produces food
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Fracking
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Available alternative
energy estimates


