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ABSTRACT

A variety of species of green and blue algae fraatewand soil samples were enriched and isolatéx iFolated
strains were identified as Chlorella, Nostoc, Chj@mmonas Oscillitoria, Anabaena. Chlorella vulgasis/ariant
was cultivated under optimal conditions to prodbi@mass as laboratory as well as the site in batidactor and
open pond systems. Dried biomass with 10% moistae tested for calorific value by standard methadd the
same were in a range of 3000-3500 kcal per kg. Bgsmwas subjected to recovery of oils as well aad#d with
coal and calorific values were 4200 to 5300 KC/KG.
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INTRODUCTION

With the increase in shortage of electricity andstant increase in the cost of electricity, wefareed to look for
alternative sources of generation of electricityrteet the present demand. Global warming indugeiddrease in
the concentration of GHG in the atmosphere is aanaf great environmental concern. Annual emissiohCO2
are estimated to be 2 x *Gones primarily from combustion of fossil fuelsjthvan increasing population and
industrialization. Attempts have been made to redattnospheric CO2 using physical and chemicatrtresats to
separate and recover CO2. Micro-algal photosyighess increasingly received attention as a meé&nsdoicing
the emission of CO2 from atmosphere [1][2][3]. Esidns from power plants, cement-producing facsofieother
industries can be controlled by growing photosytithenicro-algae. It is possible to recycle CO2 tmduce
microalgae .Microalgal biomass generated can be asea fuel to supplement coal in generation ofteity

[4][5].

Biologists have categorized micro-algae into variet classes, mainly distinguished by their pignagion, life
cycle and basic cellular structure [6]The main g@are Bacillariophyceae, Chlorophyceae, Cyanogdwcand
Chrysophyceae. Microalgae are primitive organisrith & simple cellular structure and a large surfecgolume
body ratio which gives them the possibilities ofgka uptakes of nutrients. They are fast growing efiitient
converters of solar energy capable of producingyntimmes the biomass per unit area compared tosteiakplants.
Microalgae are remarkable and efficient biologifzadtories of converting zero energy in the formGQfd2 into a
high-density liquid to be used as bio-diesel aravizebiomass [7][8][9][10][11][12].

EXPERIMENTAL SECTION

2.1. Enrichment, isolation and identification

Water samples from freshwater bodies, cooling waégosits, soil and sludge were enriched in CHUB moedium.
Flasks were incubated at ambient temperature fatal@ in chamber with artificial light (white) s@er Four serial
subcultures were made in the fresh medium and dligahass developed was cultivated under same ¢onslit
Biomass after serial subculture was isolated on @dtB solid media plates and incubated for 7 dayshiamber
with artificial light sources. Selected microalgalecies were cultivated in various culture media Beneck’s
liquid medium, CHU no 10, Kuhl and Lorenzen mediunddekokt and Salze, Pringsheim medium and Czurda
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medium [13][14]. Strains were identified using wpdenus level using microscopic techniques anchSial was
identified using molecular methods using genetickeis by outside laboratory.

2.2. Cultivation in bioreactor and analysis of baas

Chlorella species were grown in flasks containgryichment culture medium for 7 days and the besseparated
was inoculated in 1 liter and 5 liter capacity esxgular open bioreactor and incubated at ambiempeeature in
chamber with light sources. Developed biomass Wwas tultivated in larger volumes in photobioreaetsmwell as
open ponding system at thermocol molding factoiggiexhaust fume using same conditions.

Biomass was allowed to settle and the sedimenéctedi was centrifuged and dried at 1050C. Driethbss was
analysed for TOC (Dichromate reflux method) Prot@alorimetric method), Lipid contents (Soxhlet rextion)
and Calorific value (using Bomb calorimeter) asegivin Standard Methods for Water and Waste Watexlysis
1989 [15].

Blending with coal was carried out to prepare migtwith 25 and 50% coal and calorific values wegtetmined.
Sample processing for determination of calorifitueaof Chlorella sp. was done by drying them at@Ofor 24
hours and recording their dry weight. The dried gla were then ground into a fine powder using atanand
pastel, and placed in desiccators. The calorifiot@at of dried samples was measured using a Fdahip
Microbomb Calorimeter. Small pellets of dried s#nfd5-30 mg) were placed in the bomb chamber sprézed to
425 psi with pure oxygen, combusted and amountaf benerated recorded. The calorimeter was ctdibegainst
benzoic acid standards [16]. Dried biomass of Gllarwas subjected to hydrothermal liquefactiomgoover oil
and the same was analysed for oil contents alotiy @CMS and FTIR analysis to determine the chemacal
physical properties of ail.

RESULTSAND DISCUSSION

The energy crisis of the 1970s was followed byéased concern for the environment, with particataphasis on
protection of the global ecosystem. The RAPAD dighéd in Japan investigated the developmentaifrielogies
for biomass conversion and utilization, in partizulthe production of ethanol from cellulosic bi@®aVarious
forms of biomass resources exist. Among these,rsuga starch crops are inappropriate for use agygrsmurces
since they are primary food sources, and are uiestedm the viewpoints of long-term supply and cd3¢llulosic
resources, on the other hand, represent the mostaht global source of biomass, and have beealjaugutilized
[17].

Development of technologies that efficiently proesomass and convert it to more convenient forfrenergy is
therefore very important [18]. Microalgae have beéewestigated for the production of a number offediént
biofuels including bio-diesel, bio-oil, bio-syngaand bio-hydrogen. The production of these biosuehn be
coupled with flue gas CO2 mitigation, wastewategatment, and the production of high-value chemicals
Developments in micro-algal cultivation and doweain processing (e.g., harvesting, drying, and tberhemical
processing) are expected to further enhance thieetiestiveness of the bio-fuel from micro-algaeattgy [19].
Biofuel is a renewable energy source produced fbmass, which can be used as a substitute foolpatn fuels
[20]. Biofuels are expected to play an increasinighportant role throughout #1century [21][22]. Algae based
biofuels are considered as a viable option as ith@aductivity of many algae exceeds that of edes.

Table 1.comparison of potential oil yields of algae and other oil seeds[23]

Crop Ol yigid pulios'acre
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Table 2. Identification of isolated algal cultures

Stie where the sample was collecied  Abbreviabon  Taxon identified

Puddie at Charchgaie Ci Chioretly valgars
(4] i ™y ML

Lianecing sml sample L Lhlarella

Toxic efftuent from Industry Al Chlamydomonas
Sea water molate 5W1 Crmakicila
Darjeefing troe bark D Chlareila
Crangtok tree bark L4 Chlarella

Powa lake sample L (scillatoria

Borivali Motonal park water sample NP

United States soil sample LUs4 |

Groregaon: 5ol sample (5

Rain water peo! semple UK

Bardra wall scrapang sample BV

[Upvan lake sample LL Migrogysts
Darjecting troe bark sample 4 Chilarella

Lltral Oisciliatoria

Coment factary Lltra3

Cement factory Air condation duct Lltras

Cement factory soil sample Lltr$ Scendiesmus
Cement factory efftuent sample Lltrat Closterium
Thermacod factory.| KKl Chiaretla
Thermacol factory-2 hE2 Ulothrix
Therenacol factory.l KK} Oscallatonn

In the present studies microalgae strains werecleedi and isolated from various samples using @iitn
techniques used for mineral salt enrichment cultAféer serial subculture in CHU-3 medium algalagts were
isolated on solid media and identified up to gelewel. Table 2 shows the results. Most of theseevggeen and
blue green algae species. These strains showetlegkarowth in mineral salt media supplementechwiarbonates
as source of carbon. Cooling water deposits showidd variety of algae species. All the selected imedpported
heavy growth of both green and blue green algae.orpanisms isolated were identified by microscopéathods as
species of Diatoms, Chlorella, Chlamydomonas, do$Dscillitoria and Anabaena. Growth of Diatomsl an
Chlorella was more as compared to other straish Blostoc and Anabaena showed ability to fix g&o and
grew in media without nitrogen source. Nitrogen @ttbsphorus concentrations influenced the composiif
cellular biomass. At the limiting levels of nitragéhe lipid contents increased.

Isolate C-1 was identified using genetic markers igentified using sequence matching with standasdavailable
on website www.scigenom.com. as Cholrella vulgahisws significant similarity with Chlorella vulgatased on
nucleotide homology and phylogenetic analysis. Btaports showed E value to be zero. Zero E vatdécated
there was no random matching. Blast results indt&7 % identity with Chlorella vulgaris which meathis
particular strain C1 may be a mutated strain. ®tiain showed a significant growth and the growvate rwas
excellent. This strain along with other was usedditferent studies.

Microalgal biomass generated can be used as atduslpplement coal in generation of electricity ][28].

Preliminary results have shown that the co-firiigir &% biomass, on a heat input basis, with cruspetierized
coal can lower NOx and COZ2. Micro-algae offersehaxcellent lipid contents and thus are good sofacéio-

diesel. The use of microalgae as sources of liduédls is an attractive proposition from the poifitview that
microalgae are photosynthetic renewable resousrespf high lipid content, have faster growth ratesn plant
cells, and are capable of growth in saline watdriglwvare unsuitable for agriculture.
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Four strains of Chlorella C-1, D-2, D-4 and U-4 weised for large scale cultivation at the site gifipiler exhaust
fume. Growth in photobioreactor as well as opendaum system was excellent and gave promising restiéible 3
shows results of Biomass of Chlorella species.

C-1 grown in the presence of chimney fumes and @& photobioreactor showed better growth as coath&r
other strains including chimney fumes. Conditioriscoltivation were same for both photobioreactorvwas| as
ponding system. Increase in biomass indicated tbekeres could grow in the presence of 9 % CO@6 kg/d of
S02 and 36.25 mg/nm3of NOx. This was average cdrat@ns of chimney gases at the site. Growth wats quite
good in the modified medium and with changes ittivation conditions it improved well. C-1 was witkigher
growth rate compared to other strains.

Table 4 shows the biomass of C-1 strain produceaban pond and this cultivation was carried oypamds with
10KI to 30KL capacity and rate of growth was detead. Similar results were obtained in photobioteagvith

10lit capacity.
Table 3.Biomass of chlorella species
Purgmg Clegl Dlmgl Ddmgl Wigl
o I & W 9
Chemeyiemes 100 &0 780 W

Fig 1. The photograph shows mor phology of C-1 (chlorella vulgaris)strain.

Table 4.Biomassin ponding system

Pond! Pond? Pond3 Pondd Pond$
Bomamg 201 48 26 &5 40
Bomassg/l 1612 L7 1M 18 1T
Bomagg/[d 02§ 0280 0MF 024 0242
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Fig 2.Photograph of photobioreactor and ponding system
3.1. Biomass analysis
Strains were grown on large scale in bioreactoh vidlit capacity. The biomass was allowed to settid the
collected sediment was centrifuged and dried imoae1050C. In a period of 7days the growth yieldse in a
range of 5-10gm/lit. The Protein content of thetsaiss was in a range of 40-60% TOC 40-55% andl lguntents
12-18%.

3.2. Hydrothermal liquefaction

While the lipid content of microalgae, on a drylakr weight basis varies between 20 and 40 % lggintents as
high as 85 % have been reported for certain mitgalatrains. Botryococcus braunii, is a uniquerovalgal strain,
having a long-chain hydrocarbon content of betw&@mand 40% (dry weight basis), which is directlyragtable to
yield crude oil substitutes. Both physical and cleaprocesses are applicable in the productiofiqoid fuels
from algal strains of high lipid content. Thesegasses include direct lipid extraction in the pratdn of diesel-oil
substitutes, trans-esterification in the formatidrester fuels, and hydrogenation in the productibhydrocarbons.
Oily substances are also produced via liquefaatiomicro-algal biomass through thermo-chemical tieas under
conditions of high pressure and temperature.

Algal biomass collected during cultivation of Chéla in open pond was subjected to hydrothermaileligction to
get bio oil or bio crude. The hydrothermal liquafac of Chlorella was performed using a hydrothdrmeaction
system which consisted of a 1.8 L batch stirredtt@a(PARR Instruments Co.USA). HTL was done inrdéss
steel autoclave with mechanical mixing. 248 [@&lsyal and M.T.Pandya / Energy Procedia 2D13) 242-
250

The products of liquefaction include gaseous, agsemd solid phases [26]. Viscous tar-like matterched to the
cooling pipe and the inner wall of the autoclaved aome floated on the aqueous surface. Total armadurio oil
extracted from Chlorella C1 cells after HTL was4Bl%.

3.3. Energy balance of the liquefaction process
Energy recovery (%) = HHV of biocrude X mass ofdsiade / HHV of feed X mass of feed. X 100
= (34720 X 1.44/3386 X50) X 100 =29.531% (1)

This does not compensate for any processing enggy in the liquefaction reaction (Biller et al 20The GCMS
results indicated presence of C17,C19 hydrocarhikaife and alkenes) alicyclic and aromatics acidsnes and
carboxylic acids. The presence of alkanes and alkevere confirmed by FTIR. FTIR results showed gmes of
alkane, alkene, carboxylic acids, amino acids, animand secondary alcohol, aliphatic amine and atiem
compounds. The heating value of oil was higheraaspared to the reported [27], when compared wighvidrious
properties of algal oil recovered during this study

3.4. Calorific values of Chlorella strains

Table 5 shows the results of Calorific values ofo@lla strain and the same was quite good compmanatth
commonly used substrates for energy generation.thdsstrains were cultivated on exhaust fumes diwgd one
method for mitigating problems due to GHG emissaifects Chlorella species were grown in mediumhwit
purging CO2 as well as chimney fumes for 7 daydl @ass of each species was harvested, dried, laawl t
subjected to analysis for Calorific values as gilzetow. The biomass was analysed for its caloviiltie. The dried
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biomass with about 10% moisture had calorific valire a range of 3000-3500Kcal/kg. Attempts were entml
grow micro-algae on large scale economically. Ofegkam of dry algal biomass utilizes up to 1.7 K®2

Table 6 shows calorific values of Chlorella biomasixed with coal in 25 and 50% levels. It can bers¢hat
biomass blending can be one alternative to redoaéusage as the even at 25% coal blending Calafdfiues are
guite comparable although not as high as coafitdelan be also blended with other renewable sesiof energy.

Table5.Calorific values of various chlorella strains

Chlorella strains  Open tray KO/KG Photobioreactor KC/KG
Purging CO2  Purging chimney fumes  Purging CO2  Purging chimney fumes

Cl 2540 2380 3280 3105

2 1600 1575 2300 2692
D4 1630 1600 2584 1700
U4 2500 2708 3300 3832
Cl-D2-D4 2670 2800 3400 3190
Cl-D2-D4-U4 3160 3008 3290 3465

Table6.Calorific values of chlorella strains belended with coal

Biomass +Coal powder ~ KCKG - Ash(%)  KIKG

{l as 308 17608

Cl+Coal posder(3050) 3300 223 2200
CleCoolponterT5225) 4300 3283 184D
Col 00 133 2908

CONCLUSION

Different green algae, blue green bacteria andbdiatare isolated from various samples Concentraifo8O2,

which is a major greenhouse gas, can be reducegpkigration of biomass for production of electricitye algal
species Diatoms, Chlorella, Chlamydomonas, Noatwt Anabaena had good calorific values and lipicteras.

Extensive studies carried out using C-1 strain Wiwas identified as variant of Chlorella vulgat®wed excellent
results and it has added advantage of separatikingh@ownstream process very easy. The oil contemie

11.45% with energy recovery of 29.531% with higheating values as compared to other strains. Qdiddoe

easily blended with coal as solid fuel since thedbhad calorific values comparable. The growth odt€-1 was
quite good in both photobioreactor as well as gpemding system and it could be easily cultivatedgishimney
fumes from the plant. Using these strains can dgvbiomass on large scale in photobioreactor af asebpen
ponding system which can be dried and used asmesupnt for coal. Microalgae development can gai®t made
solutions for industries with uninterrupted powepgly at reasonable cost.
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