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Abstract
Carbon capture and storage (CCS) through biological approach has attracted much attention as global warming and climate change issue becomes a worldwide agenda. Energy production industry from coal in Malaysia produced 50.661 million metric tons of carbon dioxide in 2012, and the trend showed it will keep increasing year by year. CCS through biological approach can be done by microalgae which are versatile microorganism which perform photosynthesis process that can store CO2 in the biomass form. In this study, microalgae strains were isolated from the native environment nearby a coal-fired power plant, where samples were collected in different canal in which pre-treated flue gases are discharged. The microalgae strains were identified by both morphological and molecular approaches. Result from 18s rRNA gene sequencing showed that the isolated strains is Chlorella sp. with similarity 99% with Chlorella sp. SAG 211-18. The identified strains of microalgae then cultivated with three concentration of CO2 (ambient air, 1% and 5%) and the growth rate showed 0.4017 day-1, 0.5752 day-1 and 0.4427 day-1 respectively. Different concentration of CO2 (ambient air, 1% and 5%) showed that the isolated strains yielded       1.005gL-1, 1.101gL-1 and 1.035gL-1 respectively. This study also showed that with different concentration of CO2, the sequestration rate is ranging from 1% to 4.3%.
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Abstrak
Pemerangkapan dan penyimpanan karbon (CCS) melalui pendekatan biologi telah menarik minat pengkaji disebabkan masalah pemanasan dan perubahan iklim global. Pada tahun 2012 sahaja, Malaysia telah menghasilkan 50.661 juta ton metrik karbon dioksida hasil daripada penghasilan tenaga yang bersumberkan arang batu, dan tahun demi tahun penghasilan karbon dioksida dijangkakan akan terus meningkat. Pemerangkapan dan penyimpanan karbon melalui pendekatan biologi boleh dilakukan oleh mikroalga yang merupakan mikroorganisma unggul di mana ianya berupaya menjalankan proses fotosintesis dalam menukarkan karbon dioksida ke dalam bentuk biojisim. Dalam kajian ini, mikroalga dipencilkan daripada habitat asal yang merupakan terusan bagi air penyejuk untuk stesen janakuasa arang batu. Mikroalga yang diperoleh, dikenalpasti menggunakan kaedah pengecaman secara morfologi dan molekul. Hasil keputusan pengenal pastian molekul menggunakan kaedah penjujukan genom 18s rRNA mendapati, mikroalga yang berjaya dipencilkan adalah Chlorella sp. yang mempunyai persamaan sehingga 99% dengan Chlorella sp. SAG 211-18. Mikroalga yang telah menjalani proses identifikasi kemudiannya dikultur menggunakan 3 kepekatan karbon dioksida yang berbeza (CO2 pada udara persekitaran, CO2 1% dan CO2 5%) dan hasil menunjukkan kadar pertumbuhan masing-masing adalah 0.4017 hari-1, 0.5752 hari-1, dan 0.4427 hari-1. Pada kepekatan CO2 yang berbeza (CO2 pada udara persekitaran, CO2 1% dan CO2 5%), hasil biojisim yang terkumpul daripada pengkulturan mikroalga masing-masing adalah 1.005gL-1, 1.101gL-1 dan 1.035gL-1. Kajian juga menunjukkan pada kepekatan CO2 yang berbeza, kadar pemerangkapan karbon dioksida adalah pada kadar 1% sehingga 4.3%.
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Introduction
Studies on microalgae mostly ranging around the ability of biomass accumulation for food additive, colouring and high value product such as anti-oxidant. This research field has been widely explore in the previous decade and the exploration on other branches of microalgae utilization has taken place recently due to environmental concern especially regarding to global warming due to the rising of carbon dioxide produce by human activities [1 – 4]. Microalgae are a robust microorganism which can survive and thrive in different mode; photo-autotrophic, mixotrophic, heterotrophic and some mixture of complex metabolism to survive in harsh culture condition [5 – 8]. The ability of microalgae to conduct photo-autotrophic showed that microalgae has the potential to be applied in the process of carbon capture and storage (CCS) [9].
As the world progress and develop in becoming more advanced society, the energy demands around the world keep increasing year by year. Energy is a vital factor for progress to the advanced society since large scale activities such as urbanization, industrial activities; plantation, mining and livestock farming are becoming into commercial scale and subsequently demand higher energy input. Most of the world energy demand is supplied by fossil fuels burning power plants, which are using different sources of fossil fuel such as coal, natural gases, and petroleum based product [10, 11]. According to a report from Suruhanjaya Tenaga Malaysia, there are 4 main sources of fossil fuels are used as primary energy supply in Malaysia. The sources are crude oil, petroleum product, natural gas and, coal and coke [12].  All this generates CO2, carbon monoxide and methane which is the main contributor to the global warming effect since these gases trap the heat and has increased the world temperature in the range of 1° to 2° C over the past decade. The only renewable source of energy used by Malaysia from 1978 until 2010 was hydropower energy. However since the year 2011, biodiesel, biomass, biogas and solar has contribute small portion of energy supply which around 115, 183, 4, 11 ktoe respectively for year 2012 [12].

Before the pre-industrial era, the CO2 concentration in the air was recorded below 300 ppm. Since then, the concentration of CO2 has steeply increased and has causing the rise of global temperature. According to the report from Mauna Loa Observatory (NOAA-ESRL), the atmospheric CO2 concentration on June 2015 was recorded around 402.8 ppm [13]. Compare to the previous years of June 2014 and 2013, the concentration of CO2 was recorded at 401.15 ppm 398.58 ppm. The effect of higher CO2 concentration has been affecting the human life since breaking hot temperature during the summer season has been recorded around the world [14]. The effect of global warming has also affecting Malaysia; where for the past two years Malaysia had experienced hot temperature well above the normal average temperature.

Tenaga Nasional Berhad (TNB) is the largest utilities company in Malaysia and supplies most of the electricity to Malaysian Peninsular and State of Sabah through the Malaysian National Grid. The main energy source for electricity power generation for TNB is coal and coke which is relatively cost effective, coupling with state of the art technology in reducing CO2 emission with collaboration with Alstom S. A. from France [15].  However, the emission of CO2 is still an ‘Achilles Heels’ for this system and thus, new approach has been embarked to counter and reduce more on CO2 emission. The available solution is though CCS using microalgae [16, 17]. Thus, this paper reports on the works and progress of isolation of microalgae in the native environment near to the coal-fired power plant [18]. This works covers the isolation, morphological and molecular identification of isolated microalgae.

Materials and Methods
Isolation of microalgae
Samples were collected from the canal of cooling water from Stesen Janakuasa Sultan Azlan Shah, Manjung Perak, west coast of Malaysian Peninsular, 4° 9’ 31.158” S latitude and 100° 38’ 30.3396” E longitude. The power plant uses coal as the fuel and is among the major power generation plant in Malaysia, having installed capacity of 3 units of 700 MW. The canals form a discharge point of sea water used in the steam cooling process in the upstream. Besides steam cooling, the sea water also was used as jet water spray as to discard debris, being injected with hypochlorite as disinfectant and also sprayed as part flue gas desulphurisation process before finally aerated (air bubbled) in the canals before being discharged to the open sea. Thus, any microalgae species that are available from the sea water intake shall experience varying degrees of hydrodynamic stresses, disinfection and temperature difference based on the process described above, and thus any ones which found dominant in the canals shall be the ones who are robust enough to survive further in bioreactors performing carbon biofixation exposed to actual power plant’s flue gas.  Collections of samples were conducted during the noon time where the suspected source areas of microalgae were exposed to sunlight at the maximum light density. The light intensity during the afternoon period can reach as high as 60,000 Lux during the sunny day. Microalgae which survived in photo-autotrophic mode tend to float on the surface area to capture energy from the sun for photosynthesis process.

The samples from the source were added with F/2 Medium, TNBR medium and Bold Basal’s Medium (BBM) respectively with ratio of 1:1 (volume/volume) to promote growth of microalgae available in the targeted samples. The samples were maintained in 50 mL centrifuge tube, at room temperature at 28 °C and kept with continuous light exposure at 12,000 lux by 50 W fluorescent daylight type lamps. The samples were monitored daily to determined suitable medium for isolation as well as the growth curves of microalgae.

The samples were maintained and observed under microscope (Cole-Parmer, USA) for isolation and morphological screening purpose. Microscope used is equipped with light chamber, measuring grid embedded with the software provided by Motic Image Plus 2.0 and image capturing camera.  Observation of microalgae growth in the liquid medium was continued with plating method by using the respective medium with 1.25% agar plate. In the parallel of liquid medium and 1.25% agar cultivation, the growth of microalgae were measured by biomass accumulation, cell density and amounts of colonies on the plate respectively.
Cultivation
Samples of microalgae which has been promoted by F/2 medium, TNBR medium and BBM medium were observed and screened morphologically and has been done by comparing to the online catalogue provided by University of Texas, The Culture Collection of Algae at Goettingen University (international acronym SAG). Morphological identification was done by determining the characteristic of isolated microalgae; size, availability of membrane wall and flagella, and the shape of chloroplast.

After growth of microalgae were observed, cultures of microalgae were transferred into 250 mL Duran Schott Bottle with F/2 medium, TNBR medium and BBM medium respectively with 10 percent of inoculums from the source of microalgae. To promote more growth, cultured microalgae were sparged with air to avoid settling as well as providing the CO2 from ambient air. Cultivation of microalgae was then continued until single/pure strain achieved in the culture system. Single/Pure strains of microalgae was achieved by continuous plating using F/2, TNBR, and BBM Medium agar. The pure strains were then re-cultivated into F/2 medium and TNBR medium liquid solution for inoculum preparation as well as for the molecular identification purpose. Microalgae biomass were collected daily to plot the growth curve of microalgae and calculate the specific growth rate (µmax). The µmax value was determined by using the MathLab 9.0 version software with application of Logistic Modelling. Generally the growth curve of microalgae is in the sigmoid shape and previous studies has successfully fit the original data with the Logistic Model [19, 20, 21]. Thus, in this study, Logistic Model was used to fit the data and determined the value of µmax. The µmax values were calculated using Equation 1 below:

    					                                              (1)

where X is the value of predicted biomass achieved by the Logistic Model, X0 is the initial biomass achieved during the experimental set up, and Xmax is the maximum biomass achieved while t is the time take during the experiment.

Molecular identification
Single/Pure strain of microalgae achieved in isolation process was used in molecular identification. Wet biomass of microalgae were collected and genomic DNA was extracted from it by using liquid nitrogen. Liquid nitrogen is a good agent for extraction due to the low temperature properties which it has boiling point at -196 °C and this will freeze and crystalize the microalgae cells in the biomass instantly. Wet biomasses from cultivated microalgae were soaked into liquid nitrogen and homogenized with mortar and pestle for initial steps in breaking the cell wall of microalgae in order to extract the genomic DNA (gDNA). Next steps in achieving gDNA,  extraction kit from Promega containing nuclei lysis solution, protein precipitation solution, isopropanol, ethanol and RNase solution was used according to manual from the manufacturer. Biomass achieved was then extracted using plant extraction kit by Promega Wizard Genomic DNA Purification Kit [22]. 18s rRNA genes Polymeric Chain Reaction (PCR) amplified using forward (50 TACTGTGAAACTGCGAATGGCTC 30) and reverse (50 TGATCCTTCCGCAGGTTCACCTA 30) primer was used in this process [23, 24]. The primer was design by FirstBase Sdn Bhd. Purified and single cultured microalgae from the coal-fired power plant were further identified using molecular identification.

PCR products were sequenced by Life Technologies (China). The sequenced products were compared with NCBI data bank using the BLAST Program. (NCBI BLAST, USA). Top ten similar results were achieved and compared for the similarity in the percentage value.

Carbon dioxide sequestration
Single/Pure strain of microalgae were then cultivated in 2L Schott Duran Bottle with 3 outlets on the top of the cap; 1) used for CO2 sparging inlet point, 2) used for CO2 sampling outlet, 3) used for secondary outlet as shown in Figure 1. Different CO2 concentration at ambient air condition, 1% CO2 and 5% CO2 were tested to determine the preliminary result for CO2 sequestration rate. CO2 analyzer (Quantek, Model902D) was used in this run where infra-red sensor read the CO2 concentration continuously. Continuous data were collected using data logger.
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Figure 1. Schematic of cultivation in 2L Schott Duran for CO2 sequestration experiments; 1) air outlet, 2) gas mixing system inlet and 3) CO2 analyzer outlet

Results and Discussion
Isolation of microalgae
The samples that were collected have a pH ranging around 7.0 to 8.5. This alkalinity can be explained due to the sample of the water; usage water containing isolated microalgae source was used as a cooling water for the coal-fired power plant which ash from the burning coal contribute to this phenomena [25, 26].

Isolation process of microalgae with both liquid medium and 1.25% agar plate showed that microalgae only survived in the F/2 Medium and TNBR medium. Isolation using BBM in liquid medium and agar plate showed lower growth in liquid medium cultivation, while in agar plate there was no colony detected. This can be explained due to higher salinity of F/2 medium and TNBR medium which both used artificial seawater as a component of the medium, while BBM has much lower salinity [27].  Microalgae which has been collected from the source has been exposed and acclimatized to the higher salinity environment for long period of time. From this finding, it can be determined that F/2 medium and TNBR medium is the most suitable medium compare to BBM. Thus, only F/2 medium and TNBR medium was chosen for the next experiment on purification and identification process.  Besides sea water as the main factor for higher salinity, higher alkalinity of the water at the source of isolation place was effected by the ash produced by the coal-fired power plant. Result also showed that at pH more than 7, isolated microalgae start to pick up the higher phase of growth.

Cultivation and morphological identification of microalgae
Isolated and purified microalgae were cultivated in F/2 medium and TNBR medium. Growth profiles of the microalgae were determined by biomass accumulation in both F/2 and TNBR medium. Figure 2 showed the growth curve of isolated microalgae in TNBR medium (ambient air, 1% and 5% CO2) and Figure 3 showed the growth curve of isolated in F/2 medium (ambient air and 5% CO2). From the growth profile, the specific maximum growth rate (µmax) of each cultivation was determined by using MathLab 9.0 version software. Logistic model was used for the curve fitting in for the microalgae growth curve. Population and productivity of microalgae has been widely using Logistic Model for curve fitting since the Logistic equation often represent growth data better than the exponential one [21]. The value of µmax was calculated according to the Equation 1.

Result of µmax showed that TNBR medium promote better growth by producing higher µmax value compare to F/2 medium. By using TNBR medium the value of µmax  achieved were 0.4046 day-1, 0.4288 day-1 and 0.4908 day-1  for ambient air, 1 % CO2 and 5% CO2 respectively. Result of µmax from F/2 medium achieved were 0.2784 day-1 and 0.3937day-1 for ambient air and 5% CO2 respectively. Higher value of µmax achieved by TNBR medium cultivated microalgae was due to high nutrients content compare to the F/2 medium. TNBR medium used in this experiment is an optimized medium from F/2 medium.
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Figure 2. Growth curve of  isolated Chlorella sp. with TNBR medium at ambient air, 1%and 5% CO2
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Figure 3. Growth curve of Chlorella sp. with F/2 medium at ambient air, and 5% CO2

Morphological identification was conducted by characterization of microalgae. Under microscopic observation, the size of the purified microalgae is ranging around 4.24 ~10 µm with the area around 56.48 µm2. The visible characteristic that can be observed was round shape with transparent outer membrane. All the purified microalgae showed round or ellipsoidal shape with a thin layer of membrane without any extension of flagella.  The purified microalgae also have gridle shape of chloroplast. The chloroplast occupies most of periphery except for the cell ends. It also has the tendency to clump together into big colonies with a slow movement [28]. By assessment of all the morphological characteristic of the isolated microalgae, the suspected species was Chlorella sp. Figure 4 shows the morphological view under 400x magnifications with comparison from Chlorella sp. from UTEX (1000x magnification). Microalgae Chlorella species is blue-green algae which is belongs to phylum chlorophyta division. Most of Chlorella species survived and cultivated in freshwater conditions. However, several reports and studies on isolation showed the versatility and the availability of Chlorella species to adapt and survive in marine environment [29, 30]. Other result from NCBI also showed that several microalgae which were isolated from South China Sea were confirmed to be Chlorella species. Thus, it make the morphological identification of this experiment valid to be Chlorella sp.  Further identification was confirmed with molecular identification with genes sequencing. 
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Figure 4. Morphological observation of (1)isolated microalgae (40x magnification) with comparison from (2) Imase et al. and (3) Chlorella sp. of UTEX (1000x magnification) [31]
 
Molecular identification of microalgae
Extraction and Purification of gDNA was conducted with a procedure suggested by the manual form the manufacturer (Promega) as mention in methodology section. Extracted gDNA then amplified using PCR with 18s rRNA primer before it is sequenced. Figure 5 showed that PCR product were run into gel for confirmations before the PCR product undergoes sequencing process.
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Figure 5. Result of PCR gel run on the ladder. Negative (-) was the PCR non-template control (water only), and positive (+) is positive control using DNA extracted from human blood sample as a template

PCR product which has been successfully sequenced has the size of 1792bp. Full sequenced by 18s rRNA gave full sequenced of the isolated microalgae. Full sequenced obtained from sequencing process was blast into the NCBI BLAST software to compare the obtained result with the gene bank for the identification purpose. Top ten hits blast result were observed and showed in the Figure 6 in the form of phylogenetic tree where most of the result showed the similarity to the isolated microalgae from the coal-fired power plant. Result from the list of showed seven out of ten confirm up to 99% that an isolated, purified and sequenced microalgae is Chlorella sp. Thus, from molecular result plus with similar characteristic by morphological identification, it was confirm that isolated microalgae were Chlorella sp.
 	
Among the similar result from the phylogenetic tree, Chlorella sp. SAG 211-18 showed similarity almost to 99%.  According to the data base from the Experimental Phycology and Culture Collection of Algae at the University of Goettingen (EPSAG), this microalgae which was formally called as Chlorella sorokiniana was isolated from Sweden. The source of the microalgae was from freshwater habitat which is surrounded by the Baltic Sea. Similar to the isolated microalgae in this study, the species was exposed to harsh environment surrounding of coal-fired power plant and closed proximity to the marine environment.
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Figure 6. Top ten of phylogenetic tree of isolated microalgae; Chlorella sp. from NCBI genes bank database

CO2 sequestration
Isolated native microalgae were tested for its capability in performing carbon capture and storage (CCS) by sequestration of CO2. Result from the µmax value, showed that TNBR medium gave better result in the growth profile of microalgae. Thus in the CO2 sequestration test, TNBR medium was used as the main medium for microalgae cultivation.  CO2 was supplied by mixing the 95% purity of CO2 with compress air. At 1% and 5 % concentration, CO2 were fixed for the run and the percentage was set using volume/volume ratio (v/v).Results of CO2 sequestration by isolated Chlorella sp. are shown in Figure 7a and 7b.  Result from 1% and 5% of CO2 input showed that isolated Chlorella sp. manage to sequester CO2 up to 4.3% and 4.5% respectively. Comparison with previous result showed that marine Chlorella sp. showed lower CO2 sequestration uptake compare to the Chlorella sp. which has been reported previously which is ranging from the 15% to 30% ability to absorb the CO2 into the biomass form [18, 32]. Higher uptake CO2 can be achieved in optimization of higher CO2 input and aeration rate.

However, higher accumulation of CO2 in the first phase of algae culturing has produce a spike in the beginning of 5 to 7 days of cultivation periods. These phenomena can be explained by the lag phase of microalgae which has lower growth at the initial stage.  Higher accumulation at the initial stage can be reduced with better inoculation process which is inoculums at the exponential phase are used for every single run. Acclimatization of microalgae to higher CO2 concentration will also contribute to higher sequestration rate and reduce the accumulation of CO2 in the initial phase.
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Figure 7. Result of Chlorella sp. in performing CO2 sequestration at a) 1% CO2 concentration and b) 5% CO2 concentrations, repectively

The spike reduction with time of cultivation has shown that microalgae has the potential that can be tapped to produced biomass even with higher CO2 concentration compare to the ambient air and this biomass later can be utilized in other product that can contribute to more capital as the world moving forward for the generating waste from the wealth. Thus, the isolated Chlorella sp. showed significant result in CCS by converting the CO2 supplied into the biomass form.

Conclusion
Chlorella sp. has been isolated from the native environment of Stesen Janakuasa Sultan Azlan Shah. Through morphological and molecular identification it has been confirmed that isolated strain is Chlorella sp. which has similar sequenced to Chlorella sorokinia from SAG 211-18. Isolated Chlorella sp. also showed that for higher growth it more favor the TNBR medium by achieving higher µmax value compare to the F/2 medium. At higher CO2 percentage, isolated Chlorella sp. showed that it has potential in reducing the CO2 while still survive and accumulate the biomass. Therefore, isolated Chlorella sp. can be used and explored more on its CO2 tolerance at higher CO2 concentration and can be utilized to biofixation of CO2 from coal-fired power plant, which contributes to a reduction in global warming. 
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