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Figure 1. In-situ open route of coal-fired power plant for microalgae culture in open raceway pond.
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Figure 2. Off-situ open route of coal chemical plant for microalgae culture in open raceway pond.
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Figure 3. In-situ sealed route of coal-fired power plant for microalgae culture in sealed PBRs.
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Figure 4. Off-situ sealed route of coal chemical power plant for microalgae culture in sealed PBRs.
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Table 1. Some features of four technology routes of combined process.

In-situ open route Off-situ open route  In-situ sealed Off-situ sealed route Ref.
route
The utilization of flue gas CO; bubbles Bicarbonate CO, bubbles Bicarbonate
CO, fixation Microalgae  Nannochloropsis oculata / Arthrospira sp. Chlorella vulgaris [54,59,60]
rate strains cells
Cultivation 1191 m?raceway ponds / 900 L tangential Vertical bubble column
condition spiral-flow column glass reactors with a
PBRs working volume of 500
mL
Data 40.7gm?2d" / 0.665gL'd" 0408 gL 'd"!
Carbon Microalgae  Scenedesmus acutus S. platensis S. platensis Dunaliella salina [12,61-63]
utilization strains
efficiency . . 2 i
Cultivation =~ Raceway ponds with an 800 m°raceway pond A 4 L helical PBR 250 mL baffled culture
condition area of 5.6 m?and a volume supplied with flasks containing 220 mL
of 900 L, use membrane NH;HCO; and of  either Modified
carbonation to deliver CO, NaHCO; Johnsons medium with 5
g L' of NaHCO;
Data 78% + 55% 70.50% + 4.76% 50%—-69% 91.40%
Biomass Microalgae  Staurosira sp. Chlorella sorokiniana Arthrospira sp. Trebouxiophyte [25,54,57,64]
productivity strains str. SLA-04 cells
Cultivation ~ Raceway ponds with an Raceway ponds with 900 L tangential A bubble column PBR
condition area of 400 m” and a depth an area of4.2 m?>and a spiral-flow column with a 5 cm diameter and
of 15 cm depth of 17.8 cm PBRs a total 600 mL of working

volume supplied with 300
mmol L' bicarbonate

Data 21.1gm?2d?! 180+1.8gm?2d!' 029gL!'d! 080gL'd!
Biomass production cost 5.0-11.0 € kg $3.27 kg 3.1-6.0 €kg ! Extra $5.0-70 kg ' cost [5,13]
than raceway ponds
Products Biodiesel, biofertilizer, Biofertilizer, Human food, Human food, medicine, /
animal feed... animal feed, human medicine, cosmetics...
food... cosmetics...
Product market Large Middle/large Small Small /
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Abstract: The potential for utilizing flue gas as a carbon source in microalgal cultivation holds great promise.
Incorporating flue gas as a carbon source into microalgae culture processes can accelerate the growth rate of microalgae,
consequently enhancing the overall economic viability of the integrated process. There are two key sources of flue gas to
consider: flue gas from coal-fired power plants, characterized by a CO, concentration of 12—15 w/w%, and flue gas from
coal chemical processes, boasting a CO; concentration of 90-99 w/w%. Additionally, the choice between an open or
sealed microalgae culture system can also influence economic efficiency. Thus, there are four distinct microalgal
cultivation routes to assess: in-situ open systems, off-situ open systems, in-situ sealed systems, and off-situ sealed systems.
The incorporation of flue gas as a carbon source in microalgae cultivation demonstrates significant potential for reducing
both environmental impact and costs, rendering it a highly promising and sustainable approach for economically efficient
microalgae cultivation. In this review, the in-situ open route is recommended for the situation with high flue gas CO»
concentration and the target products of low-margin commodities, while the off-situ sealed route is suitable for the

situation with low flue gas CO, concentration and the target products of high value-added products.

Keywords: flue gas; microalgae; biorefinery; photobioreactor; technological process




