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Abstract—Emission of Carbon dioxide (CO2) from
cement industry is a critical issue which leads to air
pollution. Biological remediation of CO2 using
microalgae is one of the most cost-effective methods
for industrial CO2 reduction and gets the higher
biomass yield. The potential of microalgal
photosynthesis for the production of biomass is
widely recognized due to their more efficient
utilization of sunlight energy as compared with
higher  plants. Micro-algae have received
considerable interest as a potential feedstock for
producing sustainable transport fuels. The study was
mainly focussed to identify the most effective algae
from marine algae (Nannochloropsis sp.) and fresh
water algae (Chlorella sp. and Spirulina sp.). Guillard
and Ryther’s modified F2 media was selected as
growing medium for microalgae cultivation.

Cement flue gas was bubbled to growing media as
treatment and atmospheric air was bubbled as
control. Completely randomize design (CRD) was
used with three replicates. Dry weight of biomass of
algae species, Carbon dioxide (CO2) percentage and
Oxygen (02) percentage of input and output air from
medium and pH variation were observed. The highest
dry weight of biomass was observed in marine algae
Nannochloropsis (2.75 g/l) and it was 78.6% higher
compared to control. Nannochloropsis sp. absorbed
highest amount of CO2 (12.41%) by media. There is
a high potential to use cement flue gas as CO2 source
for Nannochloropsis sp. to get higher biomass yield
for biofuel production.
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I. INTRODUCTION
Global warming is a main environment issue in the
world which accelerated by CO2 emission. Major
ways of CO2 pollutions are from sectors of energy,
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traffic and transport, agriculture and land use, as
well as industry [1]. When consider about other
greenhouse gases Carbon dioxide have highest
potential for global warming and it is the most
abundant gas among all greenhouse gases.

When consider about other industrial activities
cement production process emitted higher amount
of CO2. There are two main sources for release
CO2 from cement industry: lime stone calcination
and combustion of fossil fuel. Normally when
produce one ton of cement it produce 0.65-0.90
tons of CO2 it is depend on raw materials and
process efficiency and the 90% of above emission
goes to cement production process and remain 10%
goes to raw material transportation and other
activities [2]. According to the latest European
pollutant emission register report published in
2004, the cement industry produced 193x10°t CO2
in the member states of the European Union and
Norway [3].

The only way to reduce CO2 emissions from the
calcination process is to use alternative raw
materials, which do not contain carbonates in their
mineral structure. However, till now no
economically viable compound from which the
produced cement is comparable with quality of the
current Portland-based cements, have been found.
Due to high CO2 content in the flue gases, the most
effective way to reduce CO2 emissions from the
cement manufacturing process is to capture CO2
from the flue gases and store it or utilized [4].
Algae efficiently use CO2 from atmosphere, and
they are responsible for more than 50% of the total
global carbon fixation [5]. Microalgae can utilize
different types of CO2 such as atmospheric CO2,
CO2 from soluble carbonate and CO2 emission
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from industrial activities. Algae considered as third
generation biofuel [6]. They can increase biomass
rapidly than other plants and they can grow under
some extreme environment conditions. They need
less energy, space and very few nutrients to grow
and easy to grow than other plants. Light and
temperature are the two most important factors that
affect algae biomass productivity.

It is very important to identify the suitable algal
species which has a high growth rate and greater
tolerance to harsh environmental conditions.
Therefore this study was focused to identify most
suitable algal species from selected species to grow
with cement flue gas and concern the potential of
reduction emitted CO2 by micro algae and produce
higher biomass yield.

II. METHODOLOGY

The study was conducted at sixth floor at pre heater
of Siam City Cement Lanka, Puttalam cement plant
during the three months period. Three algae species
Spirulina sp., Nannochloropsis sp. and Chlorella
sp. were cultivated in Guillard and Ryther’s
modified F2 medium. Algae were cultivated in 1.5
L PET bottle with culture medium. Complete
Randomized Block Design (figure 1) with three
replicates used for six treatments which are; T1-
Spirulina sp. with cement flue gas , T2- Chlorella
sp. with cement flue gas, T3-Nanachioropsis sp.
with cement flue gas, T4- Spirulina sp. with
atmosphere air, T5- Chlorella sp. with atmosphere
air, T6-Nanachioropsis sp. with atmosphere air.
Cement kiln flue gas was taken to experimental site
from sixth floor of pre heater by galvanized iron
tube. Each treatment was aerated within 24 hours
by cement flue gas or atmospheric air using
aquarium air pumps at the rate of 1L/minute per one
bottle for 4 weeks.

TABLE 1: USED CEMENT FLUE GAS COMPOSITION

Gas Amount
02 10.38 %
CcO 815 ppm
NO 230 ppm
CO: 8.86 %
NOx 235.6 ppm
NO:2 5.6 ppm

The composition of used flue gas was given in the
table 1.
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Dry matter content of algae of each treatment was
estimated by gravimetric method. The CO2% and
02 of input and output air of each bottle was tested
using flue gas analyzer (Model: testo 340).
Atmospheric temperature and pH of the culture
media were tested in three days intervals.

\e

Figure 1. Experimental design

III. RESULT AND DISCUSSION

Comparative observation of the composition of flue
gas and atmospheric air (figure 2) showed CO2 in
flue gas 88 times higher than atmospheric air and
02 of atmospheric air doubled compared to flue
gas. The little amount of other greenhouse gases
such as NO, CO, NOx and NO2 exist only in flue
gas.
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Figure 2: Compositions of flue gas and atmospheric air

The pH value of microalgae growing media with

cement flue gas showed lower pH value compare to " a
atmospheric air due to dissolving acidic gases “
(figure 3). "

Highest dry matter content (figure 4) was observed
in micro algae, Nannochloropsis spp. in flue gas
aerated media which is 3.5 times higher value
compared to earlier experiment in the same
condition [7].
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1Vv. CONCLUSION

Microalgae, Nannochlopsis Spp. is suitable for
removing CO2 from cement flue gas and it was

produced higher biomass yield which can be used
as feedstock for biofuel.
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