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A fuel cell converts the chemical energy from a fuel into electricity through a chemical reaction.

A common fuel is hydrogen. The fuel cell does also need oxygen and that is taken from the air. As output from the fuel cell, you get electricity but also some heat and water vapor.

The fuel cell is almost like a battery, but instead of keeping all the chemical reactants into a container, you have a constant flow in and out from the fuel cell.
Fuel cells can produce electricity continuously as long as the fuel is supplied.

There are different types of fuel cells with different kinds of reactions, but the basic principles are the same.
Most fuel cells run on hydrogen, but you can also use other fuels like methanol or methane (= natural gas or biogas) for instance.
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This is a schematic picture of a fuel cell. 

Anode
An anode is a negatively charged terminal.

Cathode (point)
A Cathode is a positively charged terminal.

Electrolyte (point in the middle)
In the middle there is an electrolyte and this contains normally a membrane constructed to just allow protons to travel through it.  It is not permeable for electrons.


Remember: 
Anode –
Cathode +
The proton can travel through the electrolyte, but the electrons cannot! 
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Hydrogen in (point to the left)
The hydrogen comes in from the left and hits the anode. Hydrogen is the lightest element on the periodic table, that means that it is a very simple atom in its structure. 
An hydrogen atom contains one proton and one electron, and that is all.
The natural form which hydrogen occurs in is as a diatomic gas, H2. 
That means that you combine two atoms into a molecule. The hydrogen gas contains 2 protons and 2 electrons.
A proton is also known as a hydrogen ion. 

At the anode there is a catalyst which forces the hydrogen molecule to split into electrons and protons. The catalyst is often Platinum-based.
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Okay as, we said before the hydrogen comes in, and the catalyst on the anode forces hydrogen to split into hydrogen ions also known as protons and electrons.
The protons can go through the membrane but the electrons can not, they need to take the longer way up in the external circuit. 

Now we have a lot of electrons in the circuit and they would like to go to the cathode because this is positively charged. A lot of electrons flowing in one direction is also known as electricity. 
On the circuit you put on the load (it could be a lamp or a motor maybe or something else you would like to run on electricity) so here is where you get the electricity in the fuel cell.
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Cathode (point)
At the cathode the protons from the electrolyte and the electrons meet and react with oxygen from the air. And this means you get water vapor as the only exhaust emission.

A short summary again:

In comes hydrogen and hits the anode where the catalyst splits it into protons and electrons.
The protons can go through the electrolyte, but the electrons are forced to go through the circuit. That means electricity and here the load, in this case, is a lamp.
On the cathode side, another precious metal electrode combines the protons and electrons with oxygen to produce water vapor. Heat comes out in this process as well.

A fuel cell has about 50% efficiency and you can compare that to a combustion motor, which if it is very efficient, has 25%.
An explanation to this is, that in a fuel cell, the fuel is directly split into electrons which are used for power, but in a combustion motor the fuel is burnt to produce heat that is then converted into electricity. In every energy conversion you lose energy and this means that the efficiency is going down.

That is why a fuel cell has double energy efficiency if you compare with a combustion motor.

See more at: http://www.fuelcelltoday.com/technologies/pemfc#sthash.KF6ImrE7.dpuf
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