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Electrolysis of water is a process in which you run DC current between two electrodes immersed in water to decompose it into oxygen and hydrogen. The two products appear as gases. The electrodes are often inert metal such as platinum or stainless steel. 
The electrolyte must contain free ions to complete the current circuit. In this case, the water contains some hydrogen ions (H+) and some hydroxide ions (OH-). The negative cathode attracts positive hydrogen ions (protons) in the water which are oxidised (picks up electrons) to form hydrogen gas. The positive anode attracts hydroxide ions which are reduced (remove electrons) to form the oxygen gas and protons. 

The production of oxygen needs twice as many electrons as for hydrogen and therefore there will be double the amount of hydrogen gas molecules as oxygen gas molecules. Pure water does not contain very many ions and therefore an over-potential is needed to increase the autoionization of water. Another way to increase the conductivity is to use additional electrolyte with ions that do not reduce or oxidize by the electrodes before the water ions. 

The main reason for industrial electrolysis of water is to produce hydrogen. 

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
Electrolysis can be performed with other electrolytes to e.g. obtain a layer of metal on the electrode. This process is called electroplating. 
Many of our elements in the periodic table were discovered by using the electrolysis technique such as Potassium, sodium calcium magnesium and flourine. 

Electrolysis of water was first discovered in 1800 and was the origin of the fuel cell idea which is the backward reaction. 
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On-site production using electroysis has been used for decades. The electrolysis technique covers about 4% of the global hydrogen demand. The hydrogen is used as a chemical reagent, fuel and lubricant. The oxygen from electrolysers can be used on board submarines or manned space ships.

New areas that are explored today are within power generation/electric grid where it is combined with power generating fuel cells which run on hydrogen. 
Electrolysis is especially interesting in areas where it is hard to reach commonly used energy sources such as fossil fuel or connect to electrical grids. Examples are isolated places on islands, in the desert, on the mountains. Other cases where there is a need for reliable energy sources for military areas or emergency response centres where electrolysers in combination with fuel cells covers the energy need when the normal grid does not work. 

In Brandenburg-Uckermark ENERTRAG has created a unique high-voltage power source for electricity from renewable energy sources in order to be independent of limited regional network capacity. It produces power from biogas and wind energy and feeds it into the European high-voltage grid that distributes renewable electricity thereafter to consumers throughout Germany.
If wind turbines produce more electricity than currently required, an electrolyzer converts the excess into hydrogen. In low wind periods it can be mixed with the power plant produced biogas. Two block plants convert it back into electricity and heat. At full utilization of network capacity with around 390 MW wind and 20 MW of biogas it is possible to supply around 375,000 households with renewable electricity
https://www.enertrag.com/en/project-development/hybrid-power-plant.html
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