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Aims
To investigate the feasibility of 
growing microalgae using CO2 
rich steel plant exhaust gas.

To investigate the performance 
of an airlift loop bioreactor 
(ALB) with microbubble 
technology.

The key device for microbubble 
generation is the fluidic oscillator 
(FO). The fluidic oscillator has 
no moving parts and does not 
require any external energy 
input for its operation. It works 
by limiting the growth of bubbles 
produced in percolation by 
restricting growth time to one 
half of the oscillation period. 
Compared to larger bubbles that 
have the same volume, smaller 
bubbles have a much larger 
surface area, hence significantly 
improved mass transfer rates.

Microbubble Technology

FOs are designed by computational fluid dynamics (CFD) and particle image velocimetry (PIV) studies [2].

(a) dia. approx. 5-10 mm (b) dia. approx 80 -  100 µm (c) dia. approx. 20 - 30 µm

Bubbles produced 

a) Without FO

b) With FO 

c)  With FO and  
optimized conditions

Microbubbles Help Breakthrough in 
Biofuels Production
As the quest for sustainability gathers momentum, so does the search for significantly 
improved methods of carbon capture and sequestration (CCS) and whilst algae 
capture carbon well, engineering the process creates a number of challenges. In 
order to address these issues, the University of Sheffield has formed a partnership 
with industry which utilises their new and unique microbubble technology.  A highly 
significant benefit of the advances Sheffield has made in CCS technology is the 
potentially fast and economic growth of high density algae which could produce  
viable biofuels.

Bioreactor design
This photobioreactor is designed to facilitate high algal growth within a short period of 
time by improving its transport processers [1]. For the best possible carbon capture 
and biofuel production, high biomass concentrations are preferred.

Challenges in Algal Cultivation  
l Carbon dioxide supply 
l Oxygen removal 
l Light limitation 
l Mixing 
l Contamination

Key design features
l Microbubbles substantially improve CO2 dissolution and O2 stripping.
l  Air lift loop design promotes vertical mixing of algae – this keeps all algae  

suspended in the reactor while regularly bringing them to lighted surfaces.
l Designed as a closed system to avoid contamination. 

Volume = 2m3 
( 1.5m X 1.3m X 1m )

Airlift loop 
effect
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Results
Two trials were carried out with Dunaliella salina using power plant exhaust gas as 
the carbon source. The second trial was run for three weeks with improved operating 
conditions compared to the first trial, which was run for only two weeks. 

Conclusions
l The exponential growth of biomass with a 100% survival rate. 
l  Approximately 14% of the CO2 was absorbed from a 40 l/min exhaust gas stream 

containing 20% CO2. 
l  Growth inhibition as a result of O2 produced by algae was eliminated by stripping 

with microbubbles.

Future Perspectives : A larger scale bioreactor will be tested in the near future with 
integrated artificial lighting. The feasibility of an algal dewatering system will also be 
tested based on microbubbles and belt skimmers. 

 Op. conditions Trial 1 Trial 2

 Bioreactor op. 8-19 18-26 
 T (°C) 1-9(idle) throughout

 Q (L/min) Varied  Constant 
  30-80 at 40

 Op. time hr/day 3-4 10-12

 Av.lighting 32 13 
 (kLux)

Inlet and outlet CO2 and O2 
concentrations were measured by 
FTIR. The difference between red 
curves shows CO2 uptake while 
the difference between blue curves 
shows O2 stripping rate. 

Trial 2

Trial 1

Dunaliella Salina shows great adaptability to flue gas. 

The lipid content in algae might have dropped under nitrogen deficiency.

Exponential growth rates during trial 2 shows decreased doubling time each 
week. Doubling time: week 1 - 2.5 days, week 2 - 2.0 days,  week 3 - 1.8 days.

Daily CO2 uptake shows 
a direct correlation 
with average daily light 
intensity. This indicates 
that improved lighting is 
essential for good algal 
growth rates.


