
Electrolysis without Membranes 

Daniel V. Esposito 

Department of Chemical Engineering, Columbia University, New York, NY 10027 USA 

 

Electrolyzers are expected to be core technologies in a clean energy future thanks to their ability to 

convert excess renewable electricity and low energy reactants such as H2O and CO2 into storable 

chemical  fuels. Low-temperature  electrolyzers that split water into oxygen (O2) and hydrogen (H2) fuel 

represent one of the best known examples of commercial electrolysis technology, but the price of H2 

produced by water electrolysis (≈$5 / kg H2) remains well above the U.S. DOE target of $2-4 /kg H2. 

Presently, the economics of water and CO2 electrolysis are dominated by the price of electricity, but the 

capital cost of the electrolysis system is expected to become much more important under low-capacity 

factor scenarios that are more likely under high market penetration for solar and wind. 

 Conventional polymer electrolyte membrane (PEM) electrolyzers rely on membranes to conduct 

H+ ions between electrodes while separating the H2 and O2 product species, but these membranes can be 

costly, prone to failure, limit the choice of solution pH, and require a fairly complex membrane electrode 

assembly (MEA)-based architecture. In this presentation, I will describe simple and scalable 

membraneless electrolyzers based on angled mesh flow-through electrodes as a means of decreasing the 

electrolyzer capital costs.[1] Ongoing research builds off of this initial study and explores membraneless 

electrolyzers that do not require active advection of the liquid electrolyte. Although further improvement 

in device performance is required for commercialization, these membraneless designs represent a 

significant departure from the traditional MEA cell architecture and offer a promising approach to 

decreasing the cost of fuel production from water or CO2 electrolysis.   
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