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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 (O2) 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, 

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 193×106 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 

O2 10.38 % 

CO 815 ppm 

NO 230 ppm 

CO2 8.86 % 

NOx 235.6 ppm 

NO2 5.6 ppm 

 
The composition of used flue gas was given in the 
table 1. 

Dry matter content of algae of each treatment was 
estimated by gravimetric method. The CO2% and 
O2 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. 

 
 

 
 

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 
O2 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 
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].  

 

Figure 3. pH of the growth media 

Dry matter yield of micro algae, Spirulina spp was 
higher in flue gas aerated media as higher 
concentration of CO2 with Nox supplied and these 
are nutrient supplements for algae growth. But 
comparatively micro algae, Chorella spp was not 
showing better performance in flue gas and it 
showed poor performance due to lower tolerance of 
pH of the media.     

 

Figure 4. Dry matter content of harvested algae 

The higher amount of O2 was released from the 
micro algae growth media treated with flue gas 
except Chlorella spp. Nannachloropsis Spp 
released highest amount of O2 compared to other 
treatments (Figure 5).  
 

 
Figure 5. Released O2 from growth media 

Highest CO2 from flue gas was absorbed by the 
growth media of Nannchloropsis spp.as growth 
performance of it was better compare to others 
(Figure 6).   
 

 
Figure 6. CO2 intake from flue gas 
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IV. 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.  

REFERENCES 
[1] Gale J, Bradshaw J, Chen Z, Garg A, Gomez D, Rogner HH, 

Simbeck D, Williams R (2005) Chapter 2, Sources of CO2. 
In: Metz B, Davidson O, De Coninck H, Loos M, Meyer L 
(eds) Carbon dioxide capture and storage. Resource 
document. IPCC–International Panel for Climate 
Change.http://www.ipcc.ch/pdf/specialreports/srccs/srccs
_chapter2.pdf, accessed 12 January 2010 

 
[2]. Müller, N. and Harnisch, J., 2008. A Blueprint for a 

Climate-Friendly Cement Industry: How to Turn Around 
the Trend of Cement Related Emissions in the Developing 
World. Gland, Switzerland: World Wide Fund for Nature. 

 
[3] Pulles T, Kuenen J, Pesik J, Cadman J, Wagner A. EPER 

(European Pollutant Emission Register) Review Report—
2004. May  

[4] Aleixandre, M. and Gerboles, M., 2012. Review of small 
commercial sensors for indicative monitoring of ambient 
gas. Chem. Eng. Trans, 30.2007.  

www.irz.cz/dokumenty/eper/eper_review_2004_version_16-5- 
2007.pdf, accessed 12 January 2010 

 
[5] Feng, Y., C Li, D Zhang, Lipid production of Chlorella 

vulgaris cultured in artificial wastewater medium. 
Bioresource technology, 2011,Volume 102, Issue 1, 
January 2011, Pages 101-105 

 
[6] Murakami M, Ikenouchi M (1997) The biological CO2 

fixation and utilization project by RITE (2)—screening 
and breeding of microalgae with high capability in fixing 
CO2. Energy Convers Manage 38:493–497 

 
[7] Nagahawatta, I.A., C.P. Rupasinghe and A.M. Gammanpila,  

Evaluation of different culture systems for growing 
Nannochloropsis spp. to extract algal oil for biodiesel 
production under Sri Lankan climatic condition, 
Proceedings of the International Symposium on 
Agriculture and Environment, ISAE, Faculty of 
Agriculture, University of Ruhuna, 30thApril 2015, pp 09. 

 

  


