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ELECTROCHEMICAL HYDROGENATION, 
HYDROGENOLYSIS, AND DEHYDROGENATION FOR 
REDUCTIVE AND OXIDATIVE BIOMASS UPGRADING

Due to growing energy demands as well as environmental concerns, the production of fuels and building block 
chemicals from renewable sources has become an important area of research. In particular, the use of biomass 
as feedstock for the production of fuels and building block chemicals holds great promise due to its abundance, 
accessibility, and worldwide distribution. Owing to the considerable and continuing decrease in the cost of electricity 
provided by renewable energy sources, electrochemical processes have become viable and appealing routes for 
reductive and oxidative biomass conversion. The use of electrochemical potential to drive oxidation and reduction 
reactions has the advantage of performing the reactions at ambient temperature and pressure without requiring the 
continuous consumption of reductants and oxidants. Most biomass intermediates contain multiple functional groups. 
Therefore, achieving reduction and oxidation of only the desired functional groups is critical for efficient and selective 
upgrading of biomass intermediates. For reductive biomass upgrading, many intermediates containing oxygenated 
moieties such as carbonyl and alcohol groups must be selectively reduced to form desired fuels and chemicals. Thus, 
controlling the selectivity between hydrogenation and hydrogenolysis is of great importance for these transformations. 
For oxidative upgrading, partial oxidation of biomass intermediates to molecules that have greater value than the 
starting molecules while avoiding their complete oxidation to CO2 is needed. Since most biomass intermediates 
contain multiple alcohol and aldehyde groups, the ability to selectively dehydrogenate only the desired functional 
group (alcohol vs aldehyde, primary alcohol vs secondary alcohol) will be vitally important for efficient and selective 
chemical production via biomass conversion. In this presentation, we will discuss electrochemical hydrogenation, 
hydrogenolysis, and dehydrogenation processes and mechanisms that our group has been investigating for the 
conversion of biomass-derived molecules (e.g., 5-hydroxymethylfurfural, glycerol) to various valuable fuels and 
chemicals. Through this discussion, we hope to provide new insights to build general mechanistic frameworks for 
electrochemical hydrogenation, hydrogenolysis, and dehydrogenation reactions based on which more efficient and 
selective electrocatalysts and optimal reactions conditions to produce desired fuels and chemicals can be identified.
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