Microalgae Production in Liquid Foam-Beds
Agnes Janoska, Marcel Janssen and René Wijffels

Objective

Surfactant Selection

In order to make improvements towards the economic profitability of
photobioreactor systems, a novel microalgae cultivation system is
being developed.






Advantages of foam-bed photobioreactors

Foaming properties
Biodegradability
Toxicity
Algae partitioning

Growth results
Long and stable operation (>500 h) achieved with the microalgae C.
vulgaris. High biomass concentration (>20 g L-1) maintained during
continuous cultivation.

 Increased mass transfer
 increased CO2 removal efficiency

• Increased residence time

 Reduction in energy costs in
aeration
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• Reduced pressure drop

 Reduced material requirement
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• Short light path

 Increased biomass density
 Reduced harvesting and
processing costs
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Concept
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The liquid foam of a photobioreactor is based on water to which apart
from the microalgae cells, foam stabilizing agents are added.
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Figure 3. Biomass concentration in the foam-bed reactor during a growth experiment,
measured as dry weight directly by filter and converted from cell volume measurements. The
microalgae Chlorella vulgaris was applied with Pluronic F68 as foam stabilising agent and
1200 μmol m-2 s-1 light intensity, with dilution rates of 0.49 and 0.64 h-1.

Model Predictions

Liquid recirculation entering
for foam breaking and
equal algae distribution
Foam breaking gaseous
phase is separated from
the liquid phase.

Rising foam-bed

Algal broth is pumped to
the top of the foam column
Gas distributor
creating small gas bubbles




Liquid fraction, light penetration, mass transfer and algal growth.
Energy requirements: Gassing, liquid recirculation and separation

Table 1. Biomass concentration Cx, liquid recirculation rate Jw, areal productivity rxAreal, yield
on light Yx/ph and energy requirements E in the liquid foam-bed photobioreactor according to
model predictions, experimental data and comparison to flat panels. Experiments were
carried out with C. sorokiniana (Experiment 1) and C. vulgaris (Experiment 2).

Cx

Jw

rxAreal

Yx/ph

E

[g L-1]

[mm s-1]

[g m-2 h-1]

[gcx molph-1]

[KJ g-1 ]

Model

30

0.05

2.82

0.52

0.23

Experimental 1

7.5

0.59

2.36

0.45

Experimental 2

20.2

0.38

1.98

0.46

Flat Panel

2.3

-

4.96

0.86

The advantages of the foam-bed photobioreactor lies in increased
biomass concertation, increased CO2 uptake efficiency of 97% and
reduced pressure drop  less energy requirement for gas supply.
Energy requirements are only 8.5% of those required for flat panels!

Figure 1. Foam-bed photobioreactor in which microalgae are grown.
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