Hydrogen Production through Electrolysis

Hydrogen: An efficient alternative fuel
As companies looked toward a more sustainable future, hydrogen gained popularity as a viable alternative fuel. It is
clear to see the appeal of hydrogen energy since it produces zero carbon emissions when it is combusted. The
question then is, how is hydrogen gas produced? Most commonly, hydrogen is produced through reforming
processes at a cost of around $1.40 USD/kg.[1] However, these processes produce large quantities of carbon
emissions. An alternative way is through electrolysis at a cost of around $5.40 USD/kg.[2] Depending on the source
of the electricity, this could be an effective way to reduce carbon emissions.

Electrolysis vs Reforming Processes
The major benefit of electrolysis over reforming processes are how quickly the production of hydrogen can be
ramped up or down. Electrolysers can alter production rates almost instantaneously if flexibility is required.[3]
Alkaline electrolysers are not a novel concept and have been used for several decades.[4,5] Its downsides include
the operating temperature range of 70 to 150°C and the physical space required.[4,5] A typical industrial unit uses
about 13.5m x 4m of floor space.[5]

Electrolysis Reaction
The electrolyser itself is a series of cells with an electrolysis reaction taking place:[6]

2 H20(l) ↔ H2(g) + O2(g)
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ΔHrxn = +286 kJ/mol H2

Each electrolyser cell consists of an anode and a cathode separated by a membrane submerged in water. A power
supply passes a current through the cell splitting water into hydrogen and oxygen.

Figure 1: A typical electrolysis cell. [7]

Figure 2: An industrial-scale alkaline
electrolysis cell.[8]

Faraday's Law
Faraday’s law is used to properly size the electrolyser unit:[6]

NH2 = jAe / neF
Where,
NH2

= H 2 production rate (mol/s)

j

= Operating current density (A/m 2)

Ae

= Effective surface area of the alkaline electrolyser (m2)

ne

= Number of electrons transferred in the chemical equation (2)

F

= Faraday's constant (96,485 C/mol)

The design equation contains three variables: hydrogen production rate, surface area, and current density. The
hydrogen production rate is determined by the process requirements. Therefore, either the current density or
surface area must further be specified. A trade-off is apparent from this equation, higher current densities require
less space. However, higher current densities are accompanied by greater resistance in the system, more
inefficiencies.

How efficient is electrolysis?
The maximum efficiency that can theoretically be achieved by an alkaline electrolyser is ~66%.[9] The Figure below
depicts the relationship between current density and efficiency. This should essentially provide the upper and lower
bounds of current density. The lower bound would produce close to the maximum efficiency of 66% and the upper
bound would be the point before a steep drop in efficiency with increasing current density. Where exactly the point
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should be made is dependant on logistics of installation of the electrolyser. The more space the electrolyser takes
up, the greater efficiency it will have.

Figure 3: Efficiency as a function of current density for industrial alkaline electrolysers. [9]
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