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Abstract

Power plants are considered a major contrib-
utor to carbon dioxide emissions. Moreover, flue
gas of power plants contains other compounds
such as NO_and SO_ that can affect growth
rate of microalgae. Therefore, in this study
the effect of CO, in different concentrations of
0.04%, 5% and 15%, NO_in 100ppm and SO_
in 60ppm was investigated simultaneously on
biomass production and carbon dioxide fixa-
tion of two industrially important microalgae,
Chlorella vulgaris and Scenedesmus obliquus.
At CO, concentrations of 0.04%, 5% and 15%,
the maximum CO, fixation rate was 0.768, 0.73
and 0.69 g/l/d for Chlorella vulgaris and 0.311,
0.53 and 0.212 g/1/d for Scenedesmus obliquus,
respectively. the results showed that at 15% of
CO,, maximum CO, fixation rate (RCO,) of
Chlorella vulgaris was decreased from 0.69 to
0.65 g/l/d by adding 100 ppm of NO_ to culture
medium, also a reduction from 0.69 to 0.212
g/l/d was observed when 60 ppm of SO_was
injected to CO, stream. However, In the case
of Scendesmus obliquus, an increase in RCO,
from 0.212 to 0.36 and 0.212 to 0.24 g/1/d was
achieved in the presence of the same amount of

NO, and SO, respectively. At the same culture
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conditions, Chlorella vulgaris shows higher
fixation rate than Scendesmus obliquus. CO,
fixation rate increasing by Scendesmus obliquus
in the presence of acidic gases (NO_and SO )
shows that Scendesmus obliquus tends to grow

in lower pH.

Keywords: Flue gas, CO, Biofixation, Gas-
eous pollutant, Chlorella vulgaris, Scned-

esmus obliquus.

Introduction

Among greenhouse gases, carbon dioxide,
although a non-toxic gas is the largest con-
tributor in terms of emissions (Boucif et al.,
2010). Concentration of CO, in flue gas emit-
ted from thermal power stations is about 500
times higher than that in the atmosphere (Yun
et al., 1997), as in 2006 associated CO, emis-
sions were 29 Gtonnes (Brennan and Owende,
2010). Therefore, CO, capture from flue gas of
power plants will be an effective way to control
these emissions (Davison, 2007).
The United Nations promoted the Kyoto Pro-
tocol (1997) with the objective of reducing
greenhouse gases by 5.2% on the basis of the
emission in 1990 (Gutierrez et al., 2008; Wang
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et al., 2008), which have pushed the identifi-
cation and development of new technologies
for CO, separation, capture, and seque-stration
in geologic formations or chemical, biologi-
cal, and technological utilization (Dibenedet-
to, 2011; Lee and Lee, 2003). Several chemi-
cal and physical methods that can be applied
with the aim of CO, capture in large source of
CO, such as power plants, are: (i) absorption;
(i1) adsorption; (ii1) gas-separation membranes;
and (iv) cryogenic distillation (Kanniche and
Bouallou, 2007; Pires et al., 2012). These
methods present significant challenges, includ-
ing either high amount of energy consumption,
irreversible regeneration of solvent (mostly
MEA) in desorption process, need to pre-treat
the flue gas before channeling to absorber in
adsorption processes, cooling of hot flue gas,
moisture removal in most processes, high pres-
sure requirements, or being not cost effective
when up-scaled to commercial stage (Knudsen
et al., 2009; Pires et al., 2011).

An ideal alternative solution would be to mi-
croalgal capture of CO, in biomass (Pacheco et
al., 2015; Ryu et al., 2014). Microalgae can up-
take the carbon dioxide from effluent gas as the
carbon source for photosynthesis. Microalgae
are fast-growing unicellular microorganism
that able to divide their cells within 3-4 h, but
mostly divide every 1-2 days under favorable
growing conditions (Aguirre et al., 2013). Due
to their simple cell structure and fast growth
rate, microalgae are expected to have CO,
bio-fixation efficiency of 10-50 times higher
than terrestrial plants (Li et al., 2008). Further-
more, their produced biomass contains high
amount of lipid, protein, fiber and other valu-

able components so that they can be utilized in
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production of medications, food additives and
biofuel (Jin et al., 2006; Gouveia and Oliveira,
2009). Most of the research studies that have
done recently on using different microalgae
strains for CO, capture, shows positive effect
of growing microalgae with pure CO,, real or
simulated flue gas towards carbon fixation rate
and biomass productivity (Gonzalez-Lopez et
al., 2012; Sydney et al., 2010).

The flue gas of power plant passes through
electrostatic precipitator and desulfurization
unit. As estimated by the IPCC criteria, the CO,
concentration of effluent is up to 15%, SO, up
to 60 ppm and NO_ is up to 150 ppm (Kim et
al., 2009). An early review on flue gas toler-
ance by microalgae indicated that high levels
of CO, were tolerated by many microalgal spe-
cies and that moderate levels of SO_and NO_
(up to 150ppm) were also well-tolerated but
higher concentration can inhibit their growth
owning to pH increase in cultural medium and
biological reduction in the capacity of algal cell
for CO, sequestration (Negoro et al., 1991).
Gouveia et al. (2009) Reported lipid content of
5.1%, 16.7% and 17.7%, lipid productivity of
7.4 mg/l/d, 20 mg/1/d, and 15.9 mg/1/d, and also
biomass productivity of 0.18 g/l/d and 0.09
g/l/d for Chlorella vulgaris and Scenedesmus
obliquus. Due to high biomass and lipid pro-
ductivity, these species of microalgae can be
considered as the ideal candidates for biofuel
production. The purpose of this study was to
determine the effect of gaseous pollutants on
biomass production and CO, fixation of Chlo-

rella vulgaris and Scenedesmus obliquus.

Materials and Methods
Microalgae cultivation In this study, Chlo-
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rella vulgaris and Scenedesmus obliquus, two
freshwater strains were cultivated. The cultures
were enriched and maintained in BG11 medi-
um (Spolaore et al., 2006).

Inoculum preparation

Two samples of 50ml of the sub-cultured strains
were centrifuged and the cell pellet was col-
lected and re-suspended in Erlenmeyer flasks
containing 250mL of BG11 medium. The ini-
tial inoculation was 5% v/v and initial pH was
adjusted to 7.

Standard growth medium

Standard BG11 medium was prepared in two
21 Erlenmeyer flask, with pH adjusted to 7 and
150 ml of the medium were transferred to each
of 6 standard 250ml Erlenmeyer flasks. The
flasks were closed with cotton, wrapped with
aluminum foils and sterilized in autoclave.
Cultivation conditions

Cultivation flasks were controlled at 30°C with
a (24h light/Oh dark) photoperiod during 14
days. Continuous CO,/Air mixed streams with
the rate of 20ml/min was provided for flasks,
filtered (22um) and bubbled through the cultur-
al medium from the bottom of flask.

Growth determination

The dry weight of culture samples was deter-
mined after centrifugation at 4550g for 40min,
rinsing of the algae with de-ionized water,
re-centrifugation under the same conditions,
oven-drying at 60°C overnight, and desicca-
tion to constant weight in a vacuum desicca-
tors (Mata et al., 2010). The optical density
was measured by spectrophotometry at 650nm
wavelength. Then, the correlation between OD
and biomass concentration was established and
therefore, the biomass concentration was esti-

mated from the optical density (OD) data of the
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culture.
Theoretical calculations of performance metrics
Biomass productivity, Pb g/l/d in batch mode
was estimated from the following equation:
XX )
T
Where X, and X. are the final and initial dry

P=

biomass concentrations (g/l), respectively in
the batch test period T (day).
CO, fixation rate per unit culture volume, RCO,
(gCO, /1/d) can be estimated as:

2

Rcozzan

Where a is the mass of CO, fixed by unit bio-
mass and defined as (Borowitzka, 1999):

MCO
a=C_X c 3
o e (205 ®

Where Cc is the average carbon content in dry
biomass, MCO, and Mc represented the mo-
lecular weights of CO, and elemental carbon,
respectively. Due to proposed general structure
0.48H1.83N0.11P0.01 by Chis-

ti (Chisti, 2007), carbon content (Cc) is about

for microalgae CO

50% and the relation for RCO2 summarized to:

Rco,=1.87P, 4)

Results
Microalgae growth in batch mode

Figure 1a shows a comparison of Chlorel-
la vulgaris and Scenedesmus obliquus growth
curves from cultures sparged with ambient air
and with CO,-enrichments of 5% and 15%.
As summarized in Table 1, maximum specific
growth rate, maximum biomass and conse-
quently maximum CO, biofixation rate were
observed at a CO, enrichment of 5% for C. vul-
garis. C. vulgaris shows higher CO, fixation

rate in all cultivation condition and represents
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increased CO, fixation while carbon dioxide
concentration increases from 0.04% to 5%, and
represents a reduction in CO, fixation as it in-
creases from 5% to 15%.

Effect of NO_and SO _towards growth rate

As a model of flue gas of power plant acidic
gaseous (NO_and SO ) was added to a 15%
CO, stream and was used in this experiment.
Figure 2a shows biomass concentration when
the mixture of 100 ppm NO_and 15% CO, was
injected to the medium during the cultivation.
Higher biomass concentration of 1.27g/l for
C. vulgaris compared with 0.76g/1 for Scened-
esmus obliquus was obtained. Chlorella vul-
garis represents higher specific growth rate,
0.2 day', and higher maximum productivity,
0.35g/1/d, followed by 0.16d' and 0.19¢g/1/d for
Scenedesmus obliquus when mixture of 100
ppm NO_and 15% CO, was injected to culture
medium. C. vulgaris stands for higher maxi-
mum carbon dioxide biofixation, 0.65g/1/d, fol-
lowed by 0.36g/1/d for S. obliquus.

As shown in Figure 2b when the mixture of
60 ppm SO_and 15% CO, was added to cul-
ture medium, microalgae growth was more in-
hibited than in the presence of 100 ppm NO .
similar to Figure la maximum biomass con-
centration obtained for C. vulgaris was higher
than S. obliquus as corresponding values was
1.18 g/l for C.vulgaris followed by 0.76 g/l for
S. obliquus. However, S. obliquus indicates
higher specific growth rate and higher maxi-
mum productivity (0.19 d"' and 0.12 g/I/d for S.
obliguus, 0.14 d' and 0.11 g/1/d for C. vulgaris,
respectively).

As shown in Figure 3 continuous feeding of
supplemental CO, resulted in almost steady pH
levels and by addition of NO_or SO, to cul-
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ture medium this trends shifted to the lower
pH levels. Although, by pH reduction in culti-
vation medium, the growth of C. vulgaris was
inhibited but S. obliquus shows better tolerance

towards lower pH.

Discussion

CO, biofixation As tabulated in Table 2, CO,
fixation rate of C. vulgaris decreased by add-
ing the acidic gaseous pollutants however S.
obliquus shows increase in RCO, when NO_and

SO, was added to culture medium.

Table 1. Maximum biomass concentration, maximum gpeeilic growth rate and maximum biomass productivity for

different microalgae species in different cultural condition.
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Table 2. Maximum CO» bio-lixation rate (gC/Ait/day) n various inlel feed gas content

4% O 5% (0, 15% (0, 15% €0, 1ppm NGO, 15% €O, alippm 803,
C. vulsaris 0.768 0.73 0.69 0.63 0.21
S Obliquus 0311 053 0212 036 024
These results indicate the resistance of S. 308.

obliquus toward injection of gaseous pollutants
and its tendency to grow in the medium with
lower pH.

In BGI1 culture medium, biofixation of CO,
by C. vulgaris is higher than S. obliquus. Al-
though, in the presence of 100 pm NO, and 60
ppm SO_in a gas stream containing 15% CO,,
as a model of flue gas of power plant, growth
rate of C. vulgaris was decreased but S. obliquus
shows higher resistance and inclination towards
injection of gaseous pollutants. In conclusion,
Due to high biomass productivity, maximum
CO, fixation rate and maximum growth
rate, C. vulgaris is the best option for producing
parallel to industries with high pollutants emis-
sion and an appropriate choice for sustainable

energy production and carbon dioxide fixation.

References
Aguirre A-M, Bassi A, Saxena P. (2013). Engineering
challenges in biodiesel production from microal-

gae. Critical Reviews in Biotechnology. 33 (3): 293-

53

Boucif N, Nguyen PT, Roizard D, Favre E. (2010). The-
oretical studies on carbon dioxide removal from a gas
stream in hollow fiber membrane contactors. Desalina
tion and Water Treatment. 14 (1-3): 146- 157.

Borowitzka MA. (1999). Commercial production of
microalgae: ponds, tanks, tubes and fermenters. Jour-
nal of Biotechnology. 70 (1): 313- 321.

Brennan L and Owende P. (2010). Biofuels from mi-
croalgea review of technologies for production, pro-
cessing, and extractions of biofuels and co-products.
Renewable and Sustainable Energy Reviews. 14 (2):
557-5717.

Chisti Y. (2007). Biodiesel from microalgae. Biotechnolo-
gy Advances. 25 (3): 294- 306.

Davison J. (2007). Performance and costs of power plants
with capture and storage of CO,. Energy. 32 (7):
1163-1176.

Dibenedetto A. (2011). The potential of aquatic biomass
for CO, enhanced fixation and energy production.
Greenhouse Gases: Science and Technology. 1 (1): 58-71.

Gonzalez-Lopez CV, Acién Fernandez FG, Fernan-

dez-Sevilla JM, Sanchez Fernandez JF, Molina Gri-



Journal of Phycological Research, Vol. 1, No. 1, June 2017

ma E. (2012). Development of a process for efficient
use of CO, from flue gases in the production of photo-
synthetic microorganisms. Biotechnology and Bioen-
gineering. 109 (7): 1637- 1650.

Gouveia L and Oliveira AC. (2009). Microalgae as a raw
material for biofuels production. Journal of industrial
microbiology and biotechnology. 36 (2): 269- 274.

Gutierrez R, Gutierrez-Sanchez R, Nafidi A. (2008).
Trend analysis using nonhomogeneous stochastic dif-
fusion processes. Emission of CO,; Kyoto protocol in
Spain. Stochastic Environmental Research and Risk
Assessment. 22 (1): 57-66.

Jin H-F, Lim B-R, Lee K. (2006). Influence of Nitrate
Feeding on Carbon Dioxide Fixation by Microalgae.
Journal of Environmental Science and Health, Part A.
41 (12): 2813- 2824.

Kanniche M and Bouallou C. (2007). CO, capture study
in advanced integrated gasification combined cycle. Ap-
plied Thermal Engineering. 27 (16): 2693- 2702.

Kim ZH, Kim ES, Kang SA, Kim DK, Lee CG. (2009).
Comparative studies on indoor and outdoor microalgal
cultivations for carbon dioxide fixation and bioenergy
production. Journal of Bioscience and Bioengineer-
ing. 108: 590- 591.

Knudsen JN, Jensen JN, Vilhelmsen PJ, Biede O. (2009).
Experience with CO, capture from coal flue gas in pi-
lot-scale: Testing of different amine solvents. Energy
Procedia. 1 (1): 783-790.

Lee JS and Lee JP. (2003). Review of advances in biolog-
ical CO, mitigation technology. Biotechnology and
Bioprocess Engineering. 8 (6): 354- 359.

Li Y, Horsman M, Wu N, Lan CQ, Dubois-Calero N.
(2008). Biofuels from Microalgae. Biotechnology
Progress. 24 (4): 815-820.

Mata TM, Martins AA, Caetano NS. (2010). Microalgae
for biodiesel production and other applications: a re-
view. Renewable and Sustainable Energy Reviews. 14

(1): 217-232.

54

Negoro M, Shioji N, Miyamoto K, Micira Y. (1991).
Growth of microalgae in high CO, gas and effects of
SOx and NOx. Applied Biochemistry and Bio-
technology. 28 (1): 877-886.

Pacheco MM, Hoeltz M, Moraes MSA, Schneider RCS.
(2015). Microalgae: Cultivation techniques and waste-
water phyco remediation. Journal of Environmental
Science and Health, Part A. 50 (6): 585- 601.

Pires JCM, Alvim-Ferraz MCM, Martins FG, Sim-Apes
M. (2012). Carbon dioxide capture from flue gases
using microalgae: Engineering aspects and biorefinery
concept. Renewable and Sustainable Energy Reviews
16 (5): 3043-3053.

Pires JCM, Martins FG, Alvim-Ferraz MCM, Simues
M. (2011). Recent developments on carbon capture
and storage: an overview. Chemical Engineering Re-
search and Design. 89 (9):1446-1460.

Ramanan R, Kannan K, Deshkar A, Yadav R, Chakrabar-
ti T. (2010). Enhanced algal CO, sequestration through
calcite deposition by Chlorella sp. and Spirulina plat-
ensis in a mini-raceway pond. Bioresource Technology.
101 (8): 2616- 2622.

Ryu BG, Kim E, Kim HS, Kim J, Choi YE, Yang JW.
(2014). Simultaneous treatment of municipal waste-
water and biodiesel production by cultivation of Chlo-
rella vulgaris with indigenous wastewater bacteria.
Biotechnology and Bioprocess Engineering. 19 (2):
201- 210.

Spolaore P, Joannis-Cassan C, Duran E, Isambert AN.
(2006). Commercial applications of microalgae. Jour-
nal of Bioscience and Bioengineering. 101 (2): 87- 96.

Sydney EB, Sturm W, de Carvalho JC, Soccol VT, Lar-
roche C, Pandey A, Soccol CR. (2010). Potential of
carbon dioxide fixation by industrially important mi-
croalgae. Bioresource Technology. 101 (15): 5892-
5896.

Wang B, LiY, Wu N, Lan CQ. (2008). CO, bio mitiga-

tion using microalgae. Applied Microbiology and



Journal of Phycological Research, Vol. 1, No. 1, June 2017

Biotechnology. 79 (5): 707-718.

Yun YS, Lee SB, Park JM, Lee CI, Yang JW. (1997).
Carbon dioxide fixation by algal cultivation using
wastewater nutrients. Journal of Chemical Technology

and Biotechnology. 69 (4): 451-455.

55



