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Abstract

Global warming is thought to be caused mainly by the emission of carbon dioxide (CO2), with thermoelectric power plants being
responsible for about 7% of global CO2 emissions. Microalgae can reduce CO2 emissions from thermoelectric power plants, but for this
use, they must be resistant to the mixture of gases produced by the power plants. We isolated the microalgae Scenedesmus obliquus and
Chlorella kessleri from the waste treatment ponds of the Presidente Médici coal fired thermoelectric power plant in the Southernmost
Brazilian state of Rio Grande do Sul and investigated their growth characteristics when exposed to different concentrations of CO2.
When cultivated with 6% and 12% CO2, C. kessleri showed a high maximum specific growth rate (lmax) of 0.267/day, with a maximum
biomass productivity (Pmax) of 0.087 g/L/day at 6% CO2. For S. obliquus, the highest maximum dry weight biomass value was 1.14 g/L
with 12% CO2. We also found that these two microalgae also grew well when the culture medium contained up to 18% CO2, indicating
that they have potential for biofixation of CO2 in thermoelectric power plants.
� 2007 Elsevier Ltd. All rights reserved.
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1. Introduction

Traditional commercial applications of microalgae
include their use as food supplements, feedstuffs in agricul-
ture and aquaculture and chemical industry feedstocks.
However, their photoautotrophic ability has recently been
used for removal of carbon dioxide (CO2) produced by
combustion of fossil fuels in thermoelectric power plants
with the aim of contributing to a reduction in greenhouse
gases and global warming [1].

Thermoelectric power plants based on fossil fuels are
responsible for more than a third of the CO2 emissions of
the USA and about 7% of the total world emissions [2,3],
producing as well sulfur and nitrogen oxides (SOx and
NOx), which are known to inhibit the growth of microal-
gae. The Presidente Médici coal fired thermoelectric power
plant (Usina Termelétrica Presidente Médici, (UTPM)) in
the southern Brazilian state of Rio Grande do Sul (RS)
has a maximum capacity of 446 MW [4]. In the period
1998–2002, UTPM emitted 2,233,828 ton/yr of CO2 (about
1.41 tons of CO2/MW), as estimated by the intergovern-
mental panel on climate change (IPCC) criteria, about
10–15% of the gases emitted from the combustion of coal
being in the form of CO2 [5].

The isolation of microalgae from lakes or ponds in the
vicinity of coal or oil fired thermoelectric power plants is
a useful strategy for obtaining microalgae tolerant to the
conditions prevalent in the area, such an organism tending
to have the ability to grow in the presence of the combus-
tion gases produced by the power stations. Another advan-
tage of isolating microalgae from the vicinity of a coal fired
plant is that any process developed is not dependent on a
strain supplier or on the adaptation of exotic strains to
the novel cultivation conditions present in a power plant
[6].

Since the reports that microalgae can grow at CO2 con-
centrations in excess of 5%, strains have been isolated and

mailto:dqmjorge@furg.br


cultivated using high concentrations of CO2 [7]. The aim of
the work described in the present paper was to isolate and
select CO2 fixing microalgae from the vicinity of the
UTPM coal fired power plant, and to cultivate the isolates
in closed photobioreactors.

2. Material and methods

2.1. Isolation of microalgae

Water samples were collected aseptically at two points in
the Presidente Médici coal fired thermoelectric power plant
(Usina Termelétrica Presidente Médici, UTPM) in the
Southern Brazilian state of Rio Grande do Sul (RS) at
31�33 02300S, 53�40 097600W. The samples were transferred
to 30 tubes containing a modified Bristol medium [8] and
incubated at 30 �C under 2500 Lux illumination and 12 h
light/dark photoperiods [9].

Every 48 h, the tubes were examined for algal growth
using optical microscopy and a Sedgewick-Rafter cell S50
counting chamber (Graticules Limited, England), serial
dilutions being made in Bristol medium from tubes showing
growth such that each 50 ll aliquot contained an average of
one algal cell. Subcultures were made by inoculating 50 ll
onto petri plates containing Bristol medium solidified with
1.5% (w/v) of bacteriological agar. Further, 50 ll aliquots
of the same dilution were placed in the wells of 96 well
microtiter plates containing 200 ll of Bristol medium. These
procedures were repeated for each of the original tubes.

Both the petri and microtiter plates were incubated
under the same conditions as the tubes for up to 10 days.
After incubation, colonies from the petri plates and ali-
quots from the microtiter wells were subcultured into fresh
Bristol medium contained in test tubes and 250 mL conical
flasks, the flasks being aerated with 0.045 L/min of air sup-
plemented with 1% (v/v) of CO2 from a cylinder (White
Martins, Brazil) for 15 min every hour during the illumi-
nated part of the photoperiod. For selection of high tem-
peratures resistance, some cultures were incubated at
50 �C for 48 h. Samples from the cultures were examined
and identified in a sedimentation chamber using a Nikon
inverted microscope and unialgal cultures selected for fur-
ther characterization and identification using a Carl Zeiss
Axioplan phase contrast microscope.

To maintain resistance to CO2, the cultures were main-
tained in tubes containing air supplemented with 1% (v/v)
CO2.

2.2. Cultivation

The microalgae were cultivated at 30 �C in 2 L conical
flask photobioreactors containing a working volume of
1.8 L and having illumination at 3200 Lux by 40 Watts
daylight type fluorescent tubes (General Electric, Brazil)
using a 12 h light/dark photoperiod [9]. The cultures were
aerated with 0.540 L/min of air supplemented with CO2

from a cylinder (White Martins, Brazil) for 15 min in every
hour during the illuminated part of the photoperiod, addi-
tional CO2 being added at concentrations of 6%, 12% and
18% (v/v). Control cultures received no additional CO2,
containing only the CO2 contained in the air supply or fur-
nished by algal respiration.

The initial algal inoculum was 0.15 g/L (dry biomass
basis), calculated based on previously prepared standard
curves of dry biomass basis against optical density at
670 nm [10] measured using 700 Plus spectrophotometer
(Femto, Brazil).

Cultivations lasted for up to 20 days (480 h), with sam-
ples being taken, aseptically, every 24 h and biomass calcu-
lated by optic density at 670 nm using the standard curves
described above. The pH of the cultures was also determined
every 24 h using a Q400H digital pH meter (Quimis, Brazil).
The calculated cell biomass values were used to calculate the
maximum dry weight biomass (Xmax), maximum specific
growth rates (lmax, 1/day), doubling time (td, day) and max-
imum biomass productivity (Pmax, g/L/day) of each algae.
The maximum specific growth rates value was calculated
by exponential regression of the logarithmic portion of the
growth curve [11] and the doubling time as td = ln2/lmax.
Maximum productivity was calculated according to the
equation Pmax = (Xt � X0)/(t � t0), where X0 is the initial
biomass concentration (g/L) at time t0 and Xt is the biomass
concentration in (g/L) at any time t subsequent to t0 [12].
The results were evaluated with ANOVA kinetics parame-
ters and medium fixation to triplicate sample (p 6 0.10).

3. Results and discussion

3.1. Isolation and identification of the microalgae

A variety of photosynthetic microorganisms were
detected in the water samples before selection using a tem-
perature of 50 �C and high concentrations of CO2, but only
two species of microalgae were recovered after such
selection.

Analysis of the samples revealed that one of the species
was Chlorella kessleri Fott et Nováková (Chlorophyta,
Chlorococcales). This species showed typical spherical cells
about 4 lm in diameter with a thin cell wall, a chloroplast
occupying almost the whole cellular cavity and a pyrenoid.
The auxospores were ellipsoidal rhomboids about 3 lm in
diameter.

The other species was Scenedesmus obliquus (Turpin)
Kützing (Chlorophyta, Chlorococcales). In nature, this spe-
cies forms groups of two to eight cells, but in cultivation,
the cells were single, 7.5–10.5 lm long and 2.0–3.0 lm
wide, fusiform with attenuated and pointed extremities
and contained a pyrenoid [13].

3.2. Cultivation of C. kessleri and S. obliquus in different

CO2 concentrations

The C. kessleri and S. obliquus growth parameters, max-
imum specific growth rates, maximum dry weight biomass



Table 1
Maximum specific growth rate (lmax), maximum dry weight biomass (Xmax) and maximum dry weight biomass productivity (Pmax) for Scenedesmus

obliquus and Chlorella kessleri cultivated in MC and Bristol medium, respectively, supplemented with CO2 at concentrations between 0.038% and 18% (v/
v) (means ± SD)

Microalgae CO2 (%, v/v) lmax (1/day) Xmax (g/L) Pmax (g/L/day)

S. obliquus 0.038 0.216 ± 0.027a 1.11 ± 0.01 0.064 ± 0.001
S. obliquus 6 0.261 ± 0.020b 1.10 ± 0.01 0.085 ± 0.002a

S. obliquus 12 0.249 ± 0.021abc 1.14 ± 0.01a 0.076 ± 0.001b

S. obliquus 18 0.260 ± 0.025bcd 1.12 ± 0.01a 0.074 ± 0.001bc

C. kessleri 0.038 0.257 ± 0.016abcde 1.45 ± 0.01 0.090 ± 0.001
C. kessleri 6 0.267 ± 0.013bcdef 0.98 ± 0.01 0.087 ± 0.001a

C. kessleri 12 0.267 ± 0.001bcdef 0.80 ± 0.01 0.086 ± 0.001a

C. kessleri 18 0.199 ± 0.011a 0.88 ± 0.01 0.061 ± 0.001bc

Equal letters indicates assays that did not show statistical difference (p 6 0,10).
and maximum biomass productivity are presented in Table
1 (means ± SD).

The lowest (p 6 0.0582) maximum specific growth rates
value (0.216/day) for S. obliquus occurred in the controls
with 0.038% CO2, while the maximum specific growth rate
increased to around 0.260/day in the presence of 6% and
18% of CO2. The maximum specific growth rates value
for S. obliquus at concentrations of 6%, 12% and 18%
CO2 do not showed significant difference (p 6 0.8741).

S. obliquus presented maximum growth in the presence of
12% CO2 (1.14 g/L), whereas the Chlorella strain HA-1 iso-
lated by Watanabe et al. [14] showed maximum growth of
0.60 g/L in the presence of 10% CO2. The relatively high
resistance to CO2 and high growth rate of S. obliquus indi-
cates that this microalgae could utilize the emissions of coal
or oil fired thermoelectric power plants where the concentra-
tion of CO2 is much higher than that of the atmosphere.

The maximum specific growth rates values for C. kess-

leri do not show a significant difference from S. obliquus

cultivated with 0.038%, 6% and 12% CO2 (p > 0.2114).
The maximum specific growth rate value and maximum
biomass productivity of C. kessleri decreased (p 6 0.2114)
in relation to the other CO2 concentrations when the
CO2 concentration reached 18%, but even so, this micro-
alga still continued to grow. Hanaga et al. reported that
Scenedesmus and Chlorella isolates can grow in CO2 con-
centrations above 50% [15].
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Fig. 1. Growth curves for: (a) S. obliquus and (b) C. kessleri cultivated with
In trials at 6%, 12% and 18% CO2, we found that S. obli-

quus produced higher cellular biomass (p 6 0.0007) values
than C. kessleri, reaching a maximum of 1.14 g/L in the
presence of 12% CO2 and still producing 1.12 g/L even
when the CO2 concentration was 18%.

As maximum specific growth rates increase, doubling
time decreases, and cultivation becomes more economically
viable. Microalgae can duplicate their biomass in less than 7
days, whereas higher plants take many months or years [17].
In our study, the doubling time was equal to or less than 3.5
days. With S. obliquus, the doubling time value showed that
its biomass doubles in 3.2 days with no added CO2 but only
2.7 days when cultivated with 6% additional CO2.

The growth curves for S. obliquus and C. kessleri (Fig. 1)
show no adaptation (lag) phase because the stock cultures
had been maintained under 1% CO2. According to Schimi-
dell et al. [12], when an inoculum is maintained under con-
ditions different from those used in the cultivation runs, the
adaptation phase can be long but is short, or absent, when
the conditions are similar. Yun et al. [16] showed that they
checked that acclimatization of the inoculum is important
and found that when stock cultures of Chlorella vulgaris

was maintained under air, it grew less well in media con-
taining 15% (v/v) additional CO2, but when the inoculum
was grown under air supplemented with 5% CO2, it grew
better in culture media containing 15% additional CO2

than it did in media containing 5% CO2.
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We found that S. obliquus maintained a similar growth
pattern at all the CO2 concentrations tested and showed
no death phase after 20 days in the cultures with 0.038%
and 12% added CO2 (Fig. 1a). With C. kessleri, however,
the exponential phase was shorter in the presence of 6%,
12% and 18% CO2, with growth declining after 16, 12
and 14 days, respectively. This decline may have been
due to a shading effect leading to reduced photosynthetic
efficiency [17].

The productivity (g/L/day) of S. obliquus and C. kessleri

as a function of time is shown in Fig. 2, from which it can be
seen that the productivities of both species decreased with
time, with the values for C. kessleri being lower than those
for S. obliquus at CO2 concentrations of 6%, 12% and 18%.
Vonshak et al. [17] have pointed out that it is economically
important to maintain high productivities at high cell con-
centrations. This is challenging in batch cultures of microal-
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Fig. 2. Biomass productivity (g/L/day) as a function of time for S.

obliquus (closed symbols) and C. kessleri (open symbols) cultivated in MC
and Bristol medium, respectively, supplemented with 0.038% (d, s), 6%
(j, h), 12% (m, n ) and 18% ( , +) of CO2.
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Fig. 3. Medium pH as a function of time for S. obliquus (closed symbols)
and C. kessleri (open symbols) cultivated in MC and Bristol medium,
respectively, supplemented with 0.038% (d, s), 6% (j, h), 12% (m, n)
and 18% ( , +) of CO2.
gae because of the shading effect and the drop in osmotic
pressure caused by the metabolism of nutrients.

The increase in S. obliquus and C. kessleri biomass as a
function of pH is shown in Fig. 3, such variation occurring
in cultures of microalgae due to the solubilization and con-
sumption of CO2 and other substrates and the production
of metabolites [18]. The variation in pH affects the solubil-
ity and the bioavailability of nutrients, transport of sub-
strates across the cytoplasmic membrane and enzyme
activity and electron transport in photosynthesis and respi-
ration [19]. In our experiments, the highest maximum bio-
mass concentrations (Xmax, g/L) were obtained at pH 6.9
for S. obliquus and 8.0 for C. kessleri, although the maxi-
mum biomass productivity (Pmax, g/L/day) occurred at
pH 5.8 for S. obliquus and 6.9 for C. kessleri.

The pH values obtained with C. kessleri were more
alkaline and variable than with S. obliquus.. We also
found that in the S. obliquus cultures, pH became more
alkaline with increasing biomass, probably due to the for-
mation of carbonic acid (H2CO3), which dissociates into
bicarbonate (HCO�3 Þ and hydrogen ions (H+), the bicar-
bonate itself dissociating into CO2 or carbonate ions
(CO2�

3 Þ depending on the pH of the solution. Since CO2

is removed by algal metabolism at a rate depending on
their photosynthetic activity (which itself depends on
available light) and the proximity of the algal trichomes,
hydroxide ions (OH�) are formed, and the pH becomes
more alkaline [20].

4. Conclusions

The microalgae S. obliquus and C. kessleri were iso-
lated from the effluent treatment ponds at UTPM. When
cultivated in Bristol medium supplemented with CO2, C.

kessleri presented the highest maximum specific growth
rate (lmax = 0.267/day at 6 and 12% CO2) and maximum
biomass productivity in the presence of CO2

(Pmax = 0.087 g/L/day at 6% CO2). The doubling time
was lowest (td = 3.5 days) for C. kessleri growing in the
presence of 18% CO2, with the second lowest value
(td = 3.2 days) being obtained with S. obliquus growing
in the medium with 0.038% CO2. The lowest
(p 6 0.0582) maximum specific growth rates value
(0.216/day) for S. obliquus occurred in the controls with
0.038% CO2, the maximum specific growth rate increasing
to around 0.260/day in the presence of 6% and 18% CO2.
The highest biomass concentration when cultivated in
MC medium supplemented with CO2 was a maximum
dry weight biomass of 1.14 g/L produced by S. obliquus

cultivated with 12% additional CO2, although again, the
maximum dry weight biomass of 1.45 g/L/day was pro-
duced by C. kessleri in culture media containing no addi-
tional CO2 (v/v). Both S. obliquus and C. kessleri grew
when exposed to 6%, 12% and 18% CO2 (v/v), indicating
that they have the potential for use in the biofixation of
CO2 emitted by coal and oil fired thermoelectric power
plants.
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