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Microalgae removal of CO, from flue gas

The need to reduce both capital and operating cost for carbon capture and
storage (CCS) systems is a key driver for establishing near-zero CO,
emissions technology.

A possible approach that has been investigated is to react CO, from a
power plant with microalgae to produce micro-algal biomass, which can be
utilised to produce various bio-products

There would appear to be a number of significant issues to address before
such an approach could be established for full flue gas processing at, say, a
coal fired power plant.

Consequently, while there remains merit in developing the bio-reaction
process towards some form of commercial application, its use in reducing
power plant CO, emissions is likely to be limited to a niche application for
processing some relatively small portion of the flue gas to make a range of
bio-products, subject to their being a commercial market for such outputs.

CO, fixation using microalgae is a complex process, which is influenced by many
interactive physicochemical parameters, such as CO, concentration, pollutants in the
flue gas, initial inoculation density, culture temperature, light, nutrients and pH, and
hydrodynamic parameters such as flow, mixing and mass transfer. Besides the culture
conditions, the choice of micro-algal species is important as this directly influences the
photosynthesis efficiency, and hence, the performance of carbon fixation and
micro-algal biomass production.

Microalgae cultivation can be carried out either in open pond or closed
photo-bioreactor systems. Open culture systems are normally less expensive to build
and operate, more durable and with a large production capacity compared to closed
reactors. However, open ponds are more susceptive to changing weather conditions,
and do not allow the control of culture medium temperature, water evaporation and
light. Potential contamination is also a serious threat to the operational success of
outdoor open ponds or raceways. Most importantly, they require an extensive land
area and consume large amounts of water. In contrast, closed system photo-bioreactors
have the advantages of better operational stability and condition control. However,
their high capital and operation costs are barriers impeding the mass cultivation of
microalgae.

If such processes are to become commercially viable, there is a need to establish lower
cost photo-bioreactors and algae processing methods that are designed specifically for
algae production, with higher efficiencies and lower capital costs than are currently
available in other sectors. These include being able to select energy efficient harvesting
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and processing methods and high value strains to produce commercially promising
biomass options.

That said, there is some interest in the use of such fast-growing microalgae to fix CO,
from the flue gas of a coal-fired power plant as a possible alternative to conventional
chemical/physical CO, capture and storage since the CO, conversion should have very
limited impact on the thermal efficiency of the power plant. The potential advantages
of using microalgae to capture CO, from flue gas are: the algal capture process is not
sensitive to changes in CO, concentration so high purity CO, gas is not required; some
combustion products such as NOx or SOx can be effectively used as nutrients for
microalgae, which might negate the need for very high efficiency flue gas cleaning
scrubbing systems; and the overall process should be a renewable cycle with minimal
negative impacts on the environment. However, besides the immaturity of the
bioreactor process, there are several further barriers to establishing this approach as a
viable means for CO, removal from a coal fired power plant. Although Seambiotic in
Israel has produced significant quantities of algae from open pond systems using the
flue gas from a coal-fired power plant, little is known of the overall economics. Other
projects are still at the planning, construction or pilot stages and so there is not yet any
design basis for assessing a commercial way forward. For the coal power sector, there
are issues such as CO, or flue gas transportation plus land and water area availability for
mass production.

Consequently, until large-scale, low cost, efficient photo-bioreactors become available,
algal based capture of CO, is better viewed as a possible means of providing niche
market high value end products rather than as a direct means for large-scale CO,
capture as part of a CCS system for the power sector.

This note is based on the report: Microalgae removal of CO, from flue gas (CCC/250, April 2015) by
Xing Zhang. The report is available to download from http://bookshop.iea-coal.org.uk
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