ENERGY NOTES

Energy from the sun:

The sun's total output is 3.9 x 1026 Watts.

The earth intercepts only a fraction of that: 1.7 x 1017 W.

The earth receives from the sun:  342 Watts/meter2 (averaged over the entire earth’s surface over a full year) 

Earth’s Internal Energy:

The total mean geothermal output from the decay of radioactive isotopes in earth’s mantle is 3x1013 W.

This is approximately 10 times the US energy consumption rate, or the equivalent of 300,000 large electric power plants.  

Averaged over the earth’s surface area, geothermal output = 0.059 W/m2 

However, this average can vary significantly.  For example, the California Coast Ranges south of about 40°N latitude coincide with a region of high heat flow (>0.075 W/m2), while the adjoining Great Valley is a region of low heat flow (<0.050 W/m2).

Energy used by society:

A large electric power plant produces 100 million watts of power, or 1 x 108 Watts. 

It would take 1.7 billion such power plants to equal the energy coming to the Earth from the Sun—roughly one for every four people on the Earth!

Global energy consumption in 1998 was 12.8 TW = 12.8 x 1012 Watts. (TW = terawatt = 1012 watts)

Therefore we receive 13,281 times more energy from the sun than is consumed by society.
Sunlight consists primarily of the ultraviolet and visible portions of the electromagnetic spectrum:




Sunlight must pass through this layer of gases around the earth before it reaches the surface.  What are these gases?

Average composition of the atmosphere up to an altitude of 25 km:

	Gas Name
	Chemical Formula
	Percent Volume

	Nitrogen
	N2
	78.08%

	Oxygen
	O2
	20.95%

	*Water
	H2O
	0 to 4%

	Argon
	Ar
	0.93%

	*Carbon Dioxide
	CO2
	0.0360%

	Neon
	Ne
	0.0018%

	Helium
	He
	0.0005%

	*Methane
	CH4
	0.00017%

	Hydrogen
	H2
	0.00005%

	*Nitrous Oxide
	N2O
	0.00003%

	*Ozone
	O3
	0.000004%


* variable gases
Most of gases are transparent to sunlight, allowing sunlight to pass through relatively unchanged.  However, ultraviolet light is blocked by the upper atmosphere and the ozone layer.

This graph indicates the transparency of the atmosphere.  
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When sunlight reaches the Earth, some is backscattered (8%) by the atmosphere, some is reflected back to space by clouds (17%), and some is absorbed by the atmosphere (23%).

The remaining sunlight (52%) reaches the surface of the earth.

Earth’s Energy Balance:
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What happens to the sunlight once it reaches the surface of the earth?

The absorption of infrared radiation trying to escape from the Earth back to space is particularly important to the global energy balance. Energy absorption by the atmosphere stores more energy near its surface than it would if there was no atmosphere. The average surface temperature of the moon, which has no atmosphere, is 0°F (-18°C). By contrast, the average surface temperature of the Earth is 59°F (15°C). This heating effect is called the greenhouse effect.
Greenhouse warming is enhanced during nights when the sky is overcast. Heat energy from the earth (weak, long wavelength infrared energy) can be trapped by clouds leading to higher temperatures as compared to nights with clear skies. The air is not allowed to cool as much with overcast skies. Under partly cloudy skies, some heat is allowed to escape and some remains trapped. Clear skies allow for the most cooling to take place.
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This is much like the plastic wrap over the boxes in the experiment.
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What happens to the energy balance if the gases in earth’s atmosphere change?  

Note:  CO2 is an excellent heat absorber.
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Why does the CO2 concentration cycle greatly each year (red line)?

Another good graph for discussions:
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