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Abstract: The flue gases emitted from coal—fired power plants containing various pollutants such as CO,,SO,,NO, and heavy metals,
which significantly affects the atmospheric environment. Traditional technologies of flue gas treatment include smoke and dust control, flue
gas desulfurization and denitrification, etc. Such processes are restricted by problems such as complicated process equipment, high energy
consumption, high treatment costs and heavy secondary pollution. Compared with the traditional coal-fired power plant flue gas emission
reduction technology , carbon fixation and emission reduction by microalgae is considered as a promising technology due to the advantages of
simple process equipment, convenient operation and environmental protection. When the flue gas is treated by the technology of carbon fix-
ation and emission reduction by microalgae, microalgae cells can fix CO, in the flue gas through photosynthesis, and simultaneously absorb
NO, and SO, as nitrogen and sulfur sources required for growth. Meanwhile, they can also absorb heavy metal ions (Hg, Se, As, Cd, Pb,

etc.) in the flue gas to obtain microalgae biomass,which can be further converted into biodiesel, ethanol, methane and other high value—

W Rs B8P :2019-10-12; FHE 448 7 1E 5L

BB . HEE SV &% H (2016 YFB0601002) ; 5% [ SR F =5 4 bR (HbIX) AE 538 % B0 H (51961165104 ) 5 F 5 F SA R} 5L
4 TR 47 B H (51836001 ) 5 H PRTITEA 2% A G A AT SRR A8 9 B AU B H (ex2017019) 5 BRI T 4R A FE26 TR ¢
BhI H (2018QNRCO01)

EERN A (1986—), B, EXA,BITESIN, HRTD, Email : aoxia@ cqu.edu.cn.

BIREE .k M (1968—) ,Z,EBE/\,T@IE%U@ s #H$2, Email : zhuxun@ cqu.edu.cn

108



B SRS AR RO B BRI HEROR PR 5 e 82 2020 4F55 14

added products, which has broad development prospects. In this paper, the mechanisms and pathways of dissolution, transport and conver-
sion of coal-fired flue gas pollutants such as CO,, NO, and SO, in the microalgal culture system were comprehensively analyzed, and the
mechanism of microalgal emission reduction of flue gas pollutants and the impacts of flue gas pollutants on microalgal growth were also sys-
tematically discussed. Based on the effects of the composition of the flue gas, the photobioreactor structure and the gas—liquid mass trans-
fer characteristics on the growth of carbon fixation and emission reduction of microalgae, the advances and challenges of microalgae selec-
tion, photobioreactor and aeration methods were reviewed. The progress and existing problems, and the principles and methods of enhan-
cing the growth of microalgae and the removal of flue gas pollutants are discussed. An integrating system of the carbon dioxide emission re-
duction and biomass recovery of microalgae gas based on the comprehensive utilization of waste heat and pressure of coal —fired power

plants are proposed.The integrated system provides some guidelines for the research and application of green emission reduction technology

for coal—fired power plants.
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Table 1 Morphology and contents of common algae species
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Fig.1 Mechanism of photosynthetic carbon fixation in microalgae
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Fig.2 Mechanism of NO, reduction by microalgae
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Fig.4 Adsorption mechanism of heavy metals by microalgae
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Botryococcus
— 20%CO, 231 g/L  [47]

braunii 765

Chlorocuccum littorale ~— — 50%CO, 0.50 g/dm® [48]
Gy
Chlorella H-84 i 20%CO0, 024 h™'  [49]
B
15%C0,,
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15%C0,
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sp.KR-1 ik
S0,
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Ph*
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As?
25% CO,,
Chlorella b2 2.4 ¢/L
.. 80x10°°NO, ¥ [56]
sp.MTF-7 AR (0.37 g/1/d)
90x107°S0,
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o 5 .

7JU9000 AE+1I4k

10% CO,,
Chlorella

Yifk 200x107°NO,, 3.4¢/L  [58]
sp.AE10

100x107° SO,
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BT TR JE 2 T, Kao 55 AP HEAT
T 1 Chlorella sp. MTF—15 28 AN B I HE T 40/
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20) x 107° 50, %) 1R 5, SR H 24 A~ BRI
1200 LEYFEOE A= ¥y SO 2 [ 510 4 BEAR <, CO,
NO, SO, Z=B5H 551k 50% .80% 93% , 345
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Table3 Characteristics of microalgae photobioreactors
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P15 39.6% ., AR R LN B DU L0 S5 A AL
T AR R At ORI B AT AL, O RAT
T A3 B AR T & S AR R IS, T
W Z LG CLE Y SN A% 1R RO A WHRNE &

FNE i, LA e s ) 2B i =0

23 BSAX

TS CO,TEZK I 3 B HARAR, AU 7ER
ST o220 SRy T v e o A T e
RCR , T3 2158 CO, PR M SR AE BT, ARG XX
R, S CO, 1) R 1 1% 3 i #2538 2 B
B, CO, 70 H A0 v A A0 32 0 DX A% 3t 3] O A
TET B S0 A AR IX. AR 5 P 28 SO R T B <
VRS TET PR T 4 VR [XC, 5 J DA VR R X A% 338 81 Vi
AR 0 DX, P A 200 B R 1) TE ALl S A% 326 S A
HEN, S s S AR R BERT T B IR, CO, [l 3K
(LB L AR O, J3 5 L 15 dok e =R Y 7
JE e, AL BBy 2 S g SRR I X =2 8] £
BB Fi4b, CO, AL T Sk 5 1 Jot 2 4
ARG BT AR AR TR BE R A G T3
At B A8 AR HIBLARAR 1 980N AR S ok
PR B A B 45 7 vk . ey ) R AUAR Y B B
A AU A0 AR R RN B AR AL B L R AR
SRENS SR B HE IR A, I8N ) 1) 4% S5
BH T o TESGCHEM BN d | B A4 O 45 4 IR STy
2 T T 0% B e PR R T R A
JEPLE A AR A S A, o A K R
B VR R TR, 8 2 S 38 B b T3 AR i v AR
FIFER A N T OB I DGR, U R R
RS A, P LB A A AR BT ) AR BB L T
SN2 SN0 o T o 151 S T NS o 5 S o
BRI B vy L 2 TR, /N R R 5 )
(], S AR B R ] AT SR AL SR P B 7, 1
SARHIER IR 4, Yang 551 T 4 w5 B 380t v 1y
SBRAE BT FR BRI CHE 14 AR B T — Tl 2
FRREAZ R L7 A /N, 50 A s ) sk
115



2020 4F55 1 14

%AHFHRK 4 48 %

b 21% IR G IR N, SO AL T R EOE K, AW
PRI 18% , Hu %5 31 T —Fp Sk XA 4,
5T T LA FLIRIFE 38 S HOR AR X SR AE o R AU
N R PR AL 0.3~ 1.0 mm S0 T, ML
&M 1.38~3.11 mm, BESERFIKNT 7 kPa, f& 5 R4k
ik 3.05~14.57 h™' %l e ) 26 4 [ il B A AR 4719
fEHEVEA . Zimmerman %[70] T8 A 7 S e e T
TR AR 2R K Sl St i A B, TR AR S T
1, G SR I G5 R I ), SEBE T e e o
HOR A HEA SRS NO BB o R 1Y
A FBE INACR H f Tf AR, S  A 452 B (), 3 i
T, Ak, BRSSO TE R e A R B U )
BN A G0 A, R AR A A Ak
AR TR S E e HES R 4 5
x4 BRI|HERX
Table 4 Forms of aerators
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Fig.5 Integrated system of carbon fixation and emission reduction and biomass harvesting of microalgae from coal—fired flue gas
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