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Highlights
· Airlift reactor with helical flow promoter was studied with aerobic biomass cultivation 
· Comparative study was done in similar size stirred tank reactor

· Testing included e.g. biomass production rate, final concentration, energy consumption 
1. Introduction
Efficient oxygen mass transfer is often a bottleneck factor in aerobic bioprocesses. In addition, poor mixing might cause gradients in the process parameters, such as pH or substrate concentration, which further can cause a stress factor for the cultivated organism. Insufficient oxygen mass transfer and mixing can lead to lower biomass accumulation as well as lower product yield or it can cause the formation of unwanted byproducts. In order to simultaneously improve both, oxygen mass transfer and mixing, with moderate energy consumption, a draft tube sparged airlift bioreactor was occupied with a helical flow promoter in the downcomer zone of the bioreactor (helix-ALR). Besides working as a flow promoter, the helix was used for extra aeration. 
2. Methods
The helix-ALR (V=116 L) was tested with aerobic Pichia pastoris cultivation to examine its performance with highly aerobic fermentation. Insufficient oxygen supply is unwanted in P.pastoris cultivation as it leads to ethanol formation instead of biomass accumulation. The helix in the downcomer zone of the airlift bioreactor was used for the extra aeration in order to improve reactor performance. The aim was to achieve high cell concentration by avoiding high gradients in pH and substrate concentration as well as avoiding oxygen depletion in the bioreactor for the whole cultivation period. 
Similar scale conventional stirred tank reactor (V=100 L) was used as a reference for the helix-ALR cultivation. Reactor performances were evaluated in terms of final biomass concentration, biomass yield on carbon source, biomass accumulation rate, glucose consumption rate, total process time and total energy consumption. Model describing the biomass growth in the helix-ALR was setup.  
3. Results and discussion
Previous results with helix-ALR are promising; its energy requirement for volumetric oxygen mass transfer rate of 0.1 s-1 was less than 20% of the power requirement of a similar scale conventional stirred tank reactor [1]. In addition, helix-ALR showed good mixing capacity and it was more related to dispersion than to faster liquid circulation, as it is in only draft tube sparged airlift reactor. The mixing at the reactor level was mainly dependent on the sparger aeration rate, but the D-helix aeration had a minor impact on the mixing time as well. Circulation time was mainly dependent on the D-helix aeration rate. Faster circulation time did not mean faster mixing; D-helix aeration extended circulation time, but because of improved dispersion, mixing time was shorter. Based on the results of the previous studies, the reactor performance was enhanced by dividing the aeration with the sparger and the helical flow promoter in the downcomer zone.
4. Conclusions
In an airlift bioreactor with helical flow promoter, mixing and oxygen mass transfer are possible to optimized at the same time, whereas in stirred tank reactors it is difficult [3]. This offered an effective alternative to conventional stirred tank reactor to be used to cultivate highly aerobic organisms, which can reach high cell densities.
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