
Introduction
Lactic acid (LA) is typically produced by bac-

terial fermentation of waste streams rich 

in carbohydrates. A novel and green route 

of obtaining lactic acid from bio-renewable 

sources such as glycerol is by electrochemi-

cal oxidation.  First, the hydrogenolysis of 

glycerol leads to propanediol (PDO) which  

is further electrochemically oxidized to  

lactic acid. 

Lactic acid is used in several industries. The 

annual production of lactic acid is estimated 

at 250kton at a price of 1600EUR/ton.  

Electrochemical synthesis  
of lactic acid

First laboratory trials on the electrooxida-

tion of propanediol in aqueous electrolytes 

show that lactic acid  is produced with a high 

yield >75% and Faradaic efficiency of 70%, 

current density of 4-5 mA/cm2. For the re-

action, carbon based electrodes (graphite or 

carbon felt) are used.

At the surface of the working electrode, a 

mediator (M/M+) is oxidized. In such acti-

vated state, the mediator is used to oxidize 

1,2-propanediol to lactic acid in the bulk of 

the electrolyte, the mediator itself get redu-

ced and then is continuously regenerated on 

the electrode (see Figure 2, the anodic re-

action). Direct electrochemical oxidation of 

PDO on Pt was also tested and resulted in 

33% conversion and 93% selectivity towards 

lactic acid.

The preliminary results show a high selecti-

vity and yield towards lactic acid formation 

with 100% conversion of propanediol.

Outlook
The production costs can be reduced by ap-

plication of a paired electrolysis configura-

tion. In this way, at the anode, a mediator is 

used to obtain the lactic acid.  At the catho-

de, oxygen is reduced to peroxide/superoxi-

de which is used to in situ oxidize 1,2-propa-

nediol to lactic acid. 

The reaction can further be upscaled to con-

tinuous production in the bench scale elec-

trolyzer developed by TNO (Figure 3). 
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Figure 1. Preliminary results from the electrochemical oxidation of  
1,2 propanediol (PDO) to lactic acid (LA)

Figure 2. Proposed paired electrolysis 
configuration for the production of lactic acid
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Figure 3. Electrolyzer 
developed at TNO for 
continuous synthesis process


