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Abstract:
Chlorococcum alkaliphilus MC-1 with the characteristics of rapid pH drift and high pH adaptability, was cultivated with

In order to lower the cost of lipid production of microalgae and reduce greenhouse gas emissions, microalgae

bubbling of flue gas. The experiment was first performed in the photobioreactor (15 L) in three groups (control group, CO,
group and flue gas group), then, in the open raceway pond (24 m?). The adaptability of microalgae MC-1 to the cultivation
with flue gas was studied. The results showed that the maximum biomass concentration, growth rate, total lipid content and
CO, fixation rate were (1.02+0.07) g/L, (0.12+0.02) g/(L-d), (37.84%0.58)% and (0.20+0.02) g/(L-d) in the photobioreactor
treated with flue gas, 36%, 33.33%, 15.34% and 33.33% higher than those of the CO, group, respectively. In the open
raceway pond with aeration of flue gas, the maximum biomass concentration, growth rate, total lipid content and CO,
fixation rate were 147.40 g/m?, 14.73 g/(m>d), 35.72% and 24.01 g/(m*d), respectively, which were similar to the
cultivation with pure CO,. The toxic heavy metal contents (Pb, As, Cd and Cr) in the biomass of MC-1 treated with flue gas
were all below the legal limits. Additionally, the absorptive effect of CO,, NO and SO, were determined. In the
photobioreactor and open raceway pond, the average absorption ratios of these gases were all higher than previous studies.
Therefore, our study showed that MC-1 can adapt to the cultivation with flue gas, and it is feasible to enlarge the outdoor
cultivation of MC-1 for lipid production coupling with emissions reduction of flue gas.

Keywords: microalgae, flue gas, emission reduction, lipid production
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Fig. 1
DIC concentration of each experimental group in the
photobioreactor test.

Time course of biomass concentration, pH and
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Table 1 Growth parameters of each experimental group in the photobioreactor test

Growth parameters Control CO, Flue gas
Maximum biomass concentration (g/L) 0.45+0.01 0.75+0.04 1.02+0.07
Growth rate (g/(L-d)) 0.04+0.01 0.09+0.01 0.124£0.02
CO, fixation rate (g/(L-d)) 0.07+0.01 0.15+0.02 0.20+0.02
Total lipid content (%) 30.71+0.37 32.81+0.41 37.84+0.58
Npy (g/L) —0.11£0.03 —0.14+0.04 0.12+0.03
Aps (g/L) —0.21+0.04 —0.27+0.06 0.23+0.06
A o 5000 1 S, ﬁﬁﬁ—‘%lzéj\jﬁ*ﬂ N %ﬂ S 7&%%&%/\%%‘?* N
RS —=— Control
E 4000 —*— CO, FIS S A R B, BRSBTS
5= I —=— Flue gas [SEURRN s JRSN
g S 3000 W RG] T —E BRI E
o E I
ST 2000 22 FHABBHIERTR
g \ N N2y, N 4
§ 10001 FE 341 24 m® FF B i e S AT T
]
SV ST UM CO RS, RIS 7 d. F 3A
1(d) Bon, WAPy e B 2 H R E , AL
CO, HAMMBIEE IR, 7ERIRAR, ML
B 300 [ —a— Control

—e— (O,

=)

£

E

20 250 —— Flue gas

i3 | g

8 E 200f

N L

SRS

e 150

&D L

»—42 100 L 1 L 1 L 1 L 1 L 1 L 1 L 1 5
0

£(d)

2 R BEFIREPEFEFERERITINN
Al S BRE T Lz

Fig. 2 Time course of inorganic N and S concentration
of each experimental group in the photobioreacter test.
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CO, ¥ % & ¥ I = 2B W) i VR 43 i o
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12.52 mmol/L, It /5 — B 7F i W B B 3T 3 8
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FEREE CO, B IR MY 22 S AN i, ARG 3% T ek
KR CO, [ 35 A AR SR & /43 3
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Fig. 3 Time course of biomass concentration, pH and
DIC concentration in the open raceway pond.

x2 FRAMERPRHE MC-1 ERKSE
Table 2 Growth parameters of MC-1 cultivated in
the open raceway pond

Growth parameters Flue gas Pure CO,
lc\gfl’égﬁllr‘;gfg}fsz) 147.40 140.80
Growth rate (g/(m*d)) 14.73 13.67
CO, fixation rate (g/(m>d)) 24.01 22.28
Total lipid content (%) 35.72 36.58

x 3 ARMAREMBEFRLHHNEMTESEER
(Pb. As. Cd#1Cr) IEE

Table 3 Concentrations of toxic heavy metals (Pb,
As, Cd and Cr) in the biomass of MC-1 cultivated
on flue gas and pure CQO, in the open raceway pond

Toxic

by Flue gas Pure CO, Up_per legal
il (mg/kg) (mg/kg) limit (mg/kg)
Pb 0.13 0.11 2.0°
As 0.21 0.24 1.5°
cd 0.025 0.031 (0.1-0.5)°
Cr 1.85 1.38 2.0°

a: GB/16740-1997; b: GB/2762-2005.

J& Pb. As I Cd i S #F AR T IR R E bR,
e S AR E A Cr A I E R R bR
Wi, DL SSREM, B MC-1 RBIE I =AM
BORKGFR, HImFRh e i isca I A B 4
J&E R A
2.3 EHRMESH CO,. NO F SO, BRI
MR

TEE AR SIS TR, Y3 pH M 9.5 T RS
9.0 fytRE R, WRE TR [ s [R]ASSERO KH A
CO,. NO F1 SO, IR, SR 5 HCF- BB SRATE
A 1 I g R 3 Bt % % o R s YOG
S CO,. NO il SO, Y MICR . 786
W CO,. NO Fl SO, 1 F- 4 mg il %
I3 8 k. (67.78+3.60) % . (78.90+4.70) % F
(70.61+3.84) % ; JF i =\ i it CO, .NO Fil SO,
) F- 2 i # ar l R: o (86.28+1.15) %
(78.65+6.18)% Fl (84.93+4.29)% (/& 4), L) I-4%
KRR, FEFR R BB T CO,. NO i
SO, HABIF IR .
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Fig. 4 The average absorption ratios of CO,, NO and
SO, by the culture solution in the photobioreactor and
open raceway pond.
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B 3) TR S —LLEITER, A6
Horp oy BTt T 3R A — SRl Y H RO
BT, BT X B A A KR T AR
TECAEY) SO g s e, SRS e AR ) S
FEA (37.84+0.58)% , b CO. 4HHE R T 15.34% ;
T = A b A A AR R R SR BE S E A
BENT 35.72%. Yoo &t AL AL IS
e R COL HRIE N 5.5% MM 1S IR et i
Scenedesmus sp. F1 4 B & % # Botryococcus
braunii, WK, FEMNAEGF7 50T X R
R EAE S9N 18% A1 24%, [ 10% CO,
BEFE Rt T 1 A5 14.29% SRR HERL
HOM AR IR R BRI HAETA NG, FTREHA
TR e AR 1 G TR Bt i b 7 HEX 1% SR v b
A BEEEFICRNIEAE, Mg R AT
BRITRIZ B, MA . #rsz S02 ik
B 2 K B B AR 9 FR R B
MR IR 0 MC-1 ZIH B i A= K 3%
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UL SR & A T = I R B T
X HHASAT B i M
3.2 MEEFFHERHREES T
PP A —ESRITE, W Cd,
Pb, Hg. As, Cr, Co. Cu %, HXEHESRES
DL AR sl A W 8 AR AE T A B
SR T T 45 T A AR R 1) R A B g
H, AN R R ER . A
ST 6 368 s 00 2 A R A IR R I B
FIEEN AR FE4)E Pb, As. Cd fl Cr B9 i,
AL TR b £« At A R HL Al 5 4 2
Z o SRR IR sk S AR 1) B LT
FIREARE o X Fh 25 R 0 s AT LA JLA AT
fe: 1) TR EAREBRZ AT T AT
UEALEE, WTREXT AR T EHEE R, AR
TR P E SRS, IMBEA Ik
NWHEGBNEERS; 2) fTHEHFRNEAEK,
XU G R AAE AR T A E R A, R
FER M SIEFER ], B2ESHIERAGEES)R
TETHE MG IE A Rt — P 5E .
33 EEMBESHESEN S BIREER
MR IR B P RO R CO,. NO Al
SO, FRA B e PRI o T OC TR AR <05
TR R RIE T, X =AY s W A3 il
B 67% . 68%A1 519%" 7 MR T ARG
FH T IR AR B T S Y R TR BRI 1], LA
FOBEHE R A, L rh B ) BR BRI A R e Y
AP T . L, MR E TS L MR
A A7 RN DA R s 1 A PR 25 S 2 5 e SRR
WSO, o AR SZ 36 v R Y 2 R <O =X
() FH <A TR G S 0 e R il =X e 2t G & b

). RIAMHTIA K . BB TR B
A MC-1 R 2 R PE FF o s 1, R
(L ELAT W LR RS F 5 A b & (v e A
WA pH RS, BIRSFR5 R b B AN 1
K, SRFEMI R pH EFEG, M
WA, ARSI R, CO,. NO Fil SO,
AR A 25 5 BB v T T A s
SR FET ] B 380 2 ok AR S 4 45 7 30T
F., (SRR 2 B B, R A
TR MRS P 38 A T HOERRAL, T 45 1
IR EOE AR pH B, BRI T M4
YR LA B BT, . SR I A
pH T
34 MEEHSESHEESEENE—F
AL R B Al 4k A o R

HRSRAE 24 m FFRCE BT M F RS 3 5 4
COL B FMIL 22 AR i, (H A K 5 i
BRFEMIELAT T BRI O RS . 7822 MK AR
SEFS ER R A M (I pHL R
B OVEIRAEE), KA SRR R I
T PRI AT TOA A 7 58 Sk ™= T 5 A
N e I A YA YU TE
WHR ARG S LRGSO T
SNSRI T A5 A MR P
B, T AT H AR e AR, At — AR A
T

G, 1R H AR SBULE 2%t
A AT SO Tl A2 77, i g3 v F1%
) Al Seambiotic G R A B 22 B R BIES A
TR ek, EE R,
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