
1. The Big Bang 2. Stars Form 3. The Solar System

4. The Sun 5. Cross-Section of Earth 6. Earth’s Energy Sources

energy: 
A User’s Guide

Everyone’s talking energy these days, but who among us—
engineers, scientists and brainiacs aside—really understands what, 
exactly, energy is, where it comes from, how it gets here, and what we 
gain or lose by our relationship to it? The following few pages provide a 
visual primer on the science behind 2007’s defining issue. 

Energy and persistence  
alter all things.
Benjamin Franklin
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ZONE OF ENERGY DIRECTLY EXPERIENCED IN EVERYDAY LIFE
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100,000,000,000,000,000,000,000,000,000,000,000,000,000,000,000,000,000,000,000,000,000,000
10,000,000,000,000,000,000,000,000,000,000,000,000,000,000,000,000,000,000,000,000,000,000
1,000,000,000,000,000,000,000,000,000,000,000,000,000,000,000,000,000,000,000,000,000,000
100,000,000,000,000,000,000,000,000,000,000,000,000,000,000,000,000,000,000,000,000,000
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0.0000000000000000000000000000001 • Average kinetic energy of a molecule at the lowest temperature reached (2003)

• Average kinetic energy of a molecule in the Boomerang Nebula, the coldest place known outside of a laboratory (1 kelvin)

 • Kinetic energy of a molecule at room temperature

• Energy range of photons in visible light  • 1 electronvolt (eV)

• Upper bound of the mass-energy of a neutrino in particle physics

• Rest mass-energy of an electron  • Upper bound of the mass-energy of a muon neutrino

 • Average total energy released in the nuclear fission of one Pu-239 atom  • Average total energy released in the fission of one U-235 atom
• Rest mass-energy of a neutron  • Rest mass-energy of a proton  • Rest mass-energy of a deuteron

• Mass-energy of a Z boson  • Mass-energy of a W boson
• Kinetic energy of a flying mosquito

• Energy used to produce a cricket chirp
• Pressing one key on a keyboard

• Energy required to heat one gram of dry, cool air by 1 degree Celsius  • Energy required to lift a small apple one meter against Earth’s gravity  
•
 1 thermochemical calorie (small calorie)

•
 Kinetic energy of a person swinging a baseball bat  

•
 Disposable camera flash

•
 1 , depending on the temperature    

•
 One horsepower for one second

• 1 W·h (watt-hour)  • Solar radiation received from the Sun by 1 m² of the Earth’s surface per second (solar constant)  • Energy released by explosion of 1g of TNT  • 1 food Calorie (large calorie)
• Energy released by the metabolism of one gram of sugar or protein  • Energy released by the metabolism of one gram of fat  • Energy released by the combustion of one gram of gasoline

• Average kinetic energy of an automobile at highway speeds

• Recommended daily nutritonal intake for a woman  
•

Recommended daily nutritonal intake for a man  • Nutritional value of a chocolate bar (300 kcal)
• A 100-watt light bulb left on for one day

• 1 therm, depending on the temperature

•
 1 barrel of oil equivalent (bboe)  • Planck energy, the unit of energy in Planck units  

•
 Approximate annual power usage of a standard clothes dryer  • Energy in an average lightning bolt

• Yield energy of a , the most powerful non-nuclear weapon ever designed  
•
 Energy consumed by the average U.S. automobile  

•
 1 MW·d (megawatt-day), energy measurement used by power plants

• Yield of the atomic bomb detonated over Hiroshima  
•
Yield of the atomic bomb detonated over Nagasaki  • Energy released by an average thunderstorm

•
 Energy released by an average hurricane in one second  • Theoretical total mass-energy of one gram of matter

• Yearly electricity production in Togo, Africa (2005)
• Energy released by burning one million tons of coal  • Estimated impact, energy released in forming Meteor Crater  • Yearly electricity consumption in Zimbabwe (2005)

• Total energy from the Sun that reaches the surface of the Earth each second  • Yield of the largest nuclear weapon ever tested  • Yearly electricity consumption of Norway (2005)
•
 Estimated energy released by the eruption of the Indonesian volcano, Krakatoa (1883)  • Severe earthquake  • Energy released by the 2004 Indian Ocean earthquake

• Daily energy released by an average hurricane producing rain  • Yearly electricity production in the U.S. (2005)  • Yearly electricity consumption of the world (2005)

• Estimated energy contained in the world’s natural gas reserves (2006)  • Estimated energy contained in the world’s petroleum reserves (2003)
• Total solar energy that strikes the Earth’s surface each day  • Estimated energy contained in the world’s coal reserves (2005)  • Estimated energy contained in the world’s fossil fuel reserves (2003)

• Energy released in the formation of the Chicxulub Crater, believed to have destroyed the dinosaurs

• Total energy from the Sun that reaches the surface of the Earth each year

• Total energy output of the Sun each second

• Estimated energy contained in the world’s recoverable U-238 reserves as of 2003  • Total energy output of the Sun each day
• Gravitational binding energy of the Earth

• Earth’s kinetic energy in its orbit
• Total energy output of the Sun each year

• Theoretical total mass-energy of the Earth  • Gravitational binding energy of the Sun

• Estimated energy released in a supernova

• Estimated energy released in a hypernova
• Energy released in an intense gamma ray burst  • Theoretical total mass-energy of the Sun

• Visible mass-energy in the Milky Way
• Total mass-energy of the Milky Way, including dark matter and dark energy

• Estimated total mass-energy of the universe

i. how we quantify it
Energy is simply defined as the ability to do me-
chanical work, like a finger pushing a button, or 
the movement of a piston. We measure energy in 
joules; food calories describe potential edible en-
ergy,* and watts measure electrical energy. Energy 
comes in all sizes, though most of the quantities we 
regularly encounter are pretty small, as shown in 
the chart. 
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iii. how we access it
Fuel is any physical material that is consumed and 
converted into energy. Left alone for millennia, and 
under certain conditions, lifeforms can turn into 
more compact forms of energy called fossil fuels.  
The solid form is coal, the liquid is petroleum, and 
gaseous fossil fuel is called natural gas. Fossil fuels 
are burned to create thermal energy, which is con-
verted to mechanical energy to power machines—
590 million of which are petroleum burning cars 
and trucks.

Photosynthesis is very inefficient given the 
huge amount of energy released by the sun; 
worldwide it has an average efficiency of only 
0.2 percent, meaning that on average, 99.8 
percent of sunlight that reaches a plant’s leaves 
does nothing. When the plant is harvested for 
food or fed to animals as feed, the energy from 
the sun and the plant provide the feeder with 
mechanical energy to perform any activity 
requiring physical movement, from heartbeat 
to harvest.

When a plant absorbs six parts carbon dioxide and six parts water,  
chloroplasts convert these simple chemicals into one part glucose and six 
parts oxygen. The glucose is consumed or stored by the plant, and the 
oxygen is released into the atmosphere. 

He-4

He-3

H2

He-3

H2

Proton-Proton Chain Reaction

ν

λ

e+ ν

λ

e+

Sunlight

H
20

Co2

Chloroplast

Water VaporO2

6CO2 + 6H20 = C6H12O6 + 602
(6 Carbon Dioxide + 6 Water = 1 Glucose + 6 Oxygen)

ii. where it comes from
The sun, as we all know, is literally a ball of energy. 
It is comprised of billions of hydrogen atoms that 
collide and split into smaller atoms in a constant 
chain reaction. Inside the sun, 4.4 megatonnes 
of matter is converted into energy every second, 
which is 30 trillion times the amount of all energy 

consumed on Earth in 2005. Some of the energy 
created in this process radiates out in the form of  
radiation and sunlight; but most of the harmful  
radiation doesn’t make it through the atmosphere. 
If it did, we wouldn’t be around to talk about it. 

Sunlight streams toward Earth, travelling 93 million 
miles through space, and upon meeting the leaves of a 
plant it is converted to chemical energy during photo-
synthesis, feeding the plant. 

The plant feeds an animal, and the plants and  
animals feed us. When we eat, we are eating energy 
from the sun that has been made edible. This energy 
transference allows us to go on living.
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iv. how we use it
Electricity allows us to put energy into almost any-
thing with a power cord attached to it. Power plants 
convert fossil fuels, solar energy, gravity, nuclear 
materials, or wind into heat or mechanical energy, 
which is converted to electrical energy. 
	 All fossil fuel power is dirty, and there is no way 
to remove the pollution. Waste from nuclear power 
must be carefully disposed of. Large hydroelectric 
dams can cause great environmental damage. Solar 
power doesn’t work so well at night. Wind power 
depends on the weather. Tidal power doesn’t yet 
generate enough energy for a large population. A 
geothermal borehole near Basel once caused an 
earthquake, but no one was hurt. 
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Oil and natural gas plants 
work in the same manner 
that a car or jet engine 
works. Fuel is pumped in 
one pipe, air is pumped 
in another, they ignite in a 
combustion chamber and 
force the superheated 
air into an air turbine. 
Petroleum power is com-
mon in oil-rich countries 
where coal and nuclear fuel 
do not exist, and natural  
gas power is common in 
countries with abundant 
natural gas, including the 
United States.

Coal power plants and nuclear 
power plants both use fuel to drive a 
steam turbine to supply large base-
load power needs. In a common 
Boiling Water Reactor, a nuclear fuel 
(Pu-238) undergoing radioactive 
decay heats a transfer fluid (such as 
liquid sodium) to move heat out of 
the reactor to a boiler, where water 
steam is produced to drive a turbine. 
Heat is regulated by raising or 
lowering the control rods. In a coal-
burning plant, large amounts of coal 
is simply dumped onto a conveyor 
belt, pulverized, and ignited to heat 
water to drive a turbine. In both 
plants, water is cooled and recycled 
back to the plant. 

Geothermal power is widely 
available and squeaky clean. 
Like nuclear power or coal 
power, it uses heat to boil 
water to turn a turbine. The 
heat comes from a deep 
borehole over hot rock, 
using waste heat from the 
Earth’s mantle. Water is 
pumped into the borehole 
and then returns to the sur-
face as steam. Geothermal  
heat supplies abundant, 
cheap, and clean electricity.

Hydroelectric dams are one of the most 
widely used and oldest power sources in 
the world. Water pours through the dam and 
turns a turbine to produce electricity. Gates 
are opened or closed to regulate power 
generation. In pre-modern times, dams har-
nessed rivers to grind corn or pump water. 

Solar power plants are complicated. There 
are several different kinds. Shown here 
is a “Power Tower” like those recently 
constructed in Spain and South Africa. 
Sunlight is reflected by mirrors into a 
concentrated beam, and is directed to heat 
a transfer fluid such as liquid sodium, which 
moves heat away from the tower to a boiler 
where it boils water to drive a turbine. The 
hot liquid sodium can be stored for later use. 

A wind turbine is perhaps the 
simplest and cleanest way to 
generate electricity. The turbine 
is mounted on the outside of the 
windmill where it picks up wind. 
A gearbox is used to transfer the 
mechanical energy directly to a 
generator. Windmills require only 
routine maintenance.

There are several types  
of tidal power stations. 
The one illustrated here  
uses a large, dam-like  
barrier to absorb crashing  
waves. Sluices in the bar-
rier allow water to rush in, 
where it drives a turbine. 
Water then pours through 
the other side into a basin 
at a lower level.  
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Exceed 49,215 throws
and there may be trouble.

An active adult male human needs between 2500 
and 2800 food Calories each day. A very active 
adult male human (like a baseball player) 
might need up to 3000 kcal. Converting this to 
joules to make our calculations easier, 3000 kcal 
is equivalent to 12,550,000 J. Picking up a 
baseball takes 1 joule. Throwing a baseball 
takes 50 joules. Therefore, a total of 51 joules 
are needed for each throw of the ball.  

A 60-gram chocolate bar represents about 300 
kcal (1,255,000 j) of potential food energy. 

It will take 10 chocolate bars to 
supply the daily energy needed by 
the active baseball player. While 
this is in no way a healthy diet, it 
serves to easily show both the high 
caloric value of a candy bar and the 
food needs of a highly active person. 
If you ate ten candy bars you might 
feel quite sick afterward.

Thus, the daily food intake would allow for 246,708 pitches 
if the pitcher were simply a ball-throwing machine. Since 
only 20% of food energy is available for mechanical work, 
the maximum number of throws in ten candy bars is 49,215. 
Any more than this and the body would use any stored fat, 
and then muscles, to keep pitching.  

v. how it sustains us
Our most intimate relationship with energy is in 
the form of food. Every creature that has ever lived 
long enough to reproduce has had to eat to survive. 
The sun feeds a tree, which feeds a mushroom, 
which a fly eats, only to be consumed by a tree 

frog, which is in turn eaten by a bird. Every living 
thing is a survivor of a long ancestral chain of crea-
tures who managed to eat just enough to survive, 
passing on energy to one another over hundreds of 
millions of years. 
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vi. energy is everlasting
In all cases, energy creates movement, is trans-
ferred to another thing, and the process repeats. 
Thus it is said that energy can be neither created 
nor destroyed, just moved here or there.  
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