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𝜇

      𝜇 = 𝑑𝑙𝑛𝐶𝑛 𝑑𝑡⁄ = (𝑙𝑛 𝐶𝑡 − 𝑙𝑛 𝐶𝑜) (𝑡 − 𝑡𝑜)⁄                 (1) 

𝐶𝑛

𝐶𝑡 𝐶𝑜

𝑡𝑜

                                             𝑡𝑑 = 𝑙𝑛 2 𝜇⁄ (2)

 

   

            

 

 

 

 

  

 

 
 

 

 
 

  



  

 

 

 

 

 

 

 

 

Substances Composition (ppm) 

NaNO3 100 

NaH2PO4 20 

H3BO3 33.6 

NaEDTA 45 

FeCl3 1.3 

MnCl2 0.36 

Na2SiO3 10-80 

Vitamin B12 0.001 



  

 

 

 

  

 

 

 

  

 

 

 

 

 

 

 

 
Species Cultivation 𝝁 (d-1) 𝒕𝒅 (d) Ref 

Dunaliella salina Outdoors -closed tubular photobioreactor 0.18 3.85 (1) 

Scenedesmus obliquus Tubular photobioreactor 0.22 3.15 (2) 

Chlorella vulgaris Bold’s Basal medium 0.14 4.95 (3) 

Nannochloropsis oculata The Guillard f2 medium 0.07 9.90 (3) 

Nannochloropsis gaditana Indoor Culture 0.199 3.48 (4) 

Chlorella protothecoides Low nitrogen Guillards Marine medium 0.27 2.6 (5) 

Nannochloropsis oculata Open pond 0.27 2.6 (6) 

Isochrysis galbana Erlenmeyer flask  

Indoor Culture 

0.18 3.85 This study 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Cultivation periods (d) Salinity (‰) pH Temperature (oC) DO (mg l-1) 

1st  25.25 ± 1.28 8.56 ± 0.50 24.13 ± 0.48 7.24 ± 0.26 

4th  38.75 ± 1.98 8.69 ± 0.46 23.88 ± 0.42 7.33 ± 0.15 

8th  40.38 ± 1.60 9.00 ± 0.00 24.31 ± 0.27 7.53 ± 0.11 
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Biomass 

 

Proximate Analysis 

 

 

Ref 

 

Moisture VM FC Ash HHV  

(wt%) (wt%) (wt%) (wt%) (MJ kg-1) 

Terrestrial plant Bagasse - 70.90* 7.00* 22.10* 14.258 (1) 

Sugar cane straw - 76.20* 14.60* 9.20* 17.19 (2) 

Cotton residue  72.80* 20.59* 6.61* 16.90 (2) 

Aquatic biomass Chlorella sp. MP-1 6.8 72.19 15.08 5.93 18.59 (3) 

Chlorella vulgaris - 55.37* 34.35* 10.28* 21.88** (4) 

Chlorella vulgaris - - - - 18 (5) 

Chlorella minutissima - - - - 21 (5) 

Chlorella vulgaris 9.1 37.3 5.0 48.6 - (6) 

Enteromorpha clathrata 13.30 41.82 7.79 37.09 7.89** (7) 

Sargassum natans 10.46 48.85 11.60 29.09 8.68** (7) 

Nannochloropsis oculata 3.99 64.76 7.76 23.50 - (8) 

Nannochloropsis oculata - 67.45* 8.08* 24.47* 16.80 (8) 

Isochrysis galbana 12.98 40.10 7.47 39.45  This study 

Isochrysis galbana  46.08* 8.58* 45.33* 16.22 This study 

 

*  indicated VM, FC and Ash in dry basis (db), other demonstrated on an air-dried basis (adb) 

** indicated lower heating value (LHV) in unit of MJ kg-1 

 

(1) Parikh, Channiwala, & Ghosal (2005); (2) Yin (2011); (3) Phukan et al. (2011); (4) Chen, Ma, & Liu 

(2011); (5) Illman et al.(2000); (6) Agrawal & Chakraborty (2013); (7) Wang, Jiang, Han, & Liu (2009); (8) 

Sukarni et al. (2014) 

 



  

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

             

            

            

     

 

            

            

  

 

 

 

http://doi.org/10.1016/j.biortech.2012.10.043
http://doi.org/10.1016/j.biortech.2012.10.043
http://www.tsijournals.com/abstract/physicochemical-analysis-by-semedx-and-ftir-two-brown-algae-cystoseira-tamariscifolia-and-bifurcaria-bifurcata-2135.html
http://www.tsijournals.com/abstract/physicochemical-analysis-by-semedx-and-ftir-two-brown-algae-cystoseira-tamariscifolia-and-bifurcaria-bifurcata-2135.html
http://www.tsijournals.com/abstract/physicochemical-analysis-by-semedx-and-ftir-two-brown-algae-cystoseira-tamariscifolia-and-bifurcaria-bifurcata-2135.html
http://www.tsijournals.com/abstract/physicochemical-analysis-by-semedx-and-ftir-two-brown-algae-cystoseira-tamariscifolia-and-bifurcaria-bifurcata-2135.html
https://www.scopus.com/inward/record.uri?eid=2-s2.0-84893776674&doi=10.1155%2f2013%2f983465&partnerID=40&md5=ababb887c394a54bcff437a5d9cf2a73
https://www.scopus.com/inward/record.uri?eid=2-s2.0-84893776674&doi=10.1155%2f2013%2f983465&partnerID=40&md5=ababb887c394a54bcff437a5d9cf2a73
https://www.scopus.com/inward/record.uri?eid=2-s2.0-84893776674&doi=10.1155%2f2013%2f983465&partnerID=40&md5=ababb887c394a54bcff437a5d9cf2a73
https://www.scopus.com/inward/record.uri?eid=2-s2.0-0038487374&doi=10.1016%2fS0301-4622%2803%2900035-8&partnerID=40&md5=edfd98038787edcd8ce5e98d13c3752f
https://www.scopus.com/inward/record.uri?eid=2-s2.0-0038487374&doi=10.1016%2fS0301-4622%2803%2900035-8&partnerID=40&md5=edfd98038787edcd8ce5e98d13c3752f
https://www.scopus.com/inward/record.uri?eid=2-s2.0-0038487374&doi=10.1016%2fS0301-4622%2803%2900035-8&partnerID=40&md5=edfd98038787edcd8ce5e98d13c3752f
http://doi.org/10.1016/S0016-7037(03)00488-5
http://doi.org/10.1016/S0016-7037(03)00488-5
http://doi.org/10.1016/S0016-7037(03)00489-7
http://doi.org/10.1016/S0016-7037(03)00489-7
http://doi.org/10.1016/j.rser.2009.10.009
http://doi.org/10.1016/j.rser.2009.10.009
http://doi.org/10.1016/j.biortech.2008.02.061
http://doi.org/10.1016/j.biortech.2008.02.061
http://doi.org/10.1016/j.apenergy.2011.03.003
http://doi.org/10.1016/j.biotechadv.2011.05.015


  

 

 

 

  

 

 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

             

  

 

 

 

http://doi.org/10.1016/j.cep.2009.03.006
http://doi.org/10.1016/j.cep.2009.03.006
http://doi.org/10.1155/2012/920608
http://doi.org/10.1155/2012/920608
http://doi.org/10.1016/j.enconman.2011.01.008
http://doi.org/10.1016/j.enconman.2011.01.008
http://doi.org/10.1016/j.carres.2007.12.021
http://doi.org/10.1016/j.carres.2007.12.021
http://doi.org/10.1016/j.jbiotec.2007.01.009
http://doi.org/10.1080/09670260801979287
http://doi.org/10.1080/09670260801979287
http://doi.org/10.1016/j.biortech.2010.01.065
http://doi.org/10.1016/j.fuel.2013.07.085
https://www.ajol.info/index.php/ajb/article/view/100905
https://www.ajol.info/index.php/ajb/article/view/100905
https://www.ajol.info/index.php/ajb/article/view/100905
https://www.ajol.info/index.php/ajb/article/view/100905
https://www.ajol.info/index.php/ajb/article/view/100905
http://doi.org/10.1016/j.jcis.2012.04.006
http://doi.org/10.1016/j.biortech.2013.08.066
http://doi.org/10.1016/j.biortech.2013.08.066
http://doi.org/10.1016/j.jbiotec.2004.07.010
http://doi.org/10.1016/j.biortech.2012.11.077
http://doi.org/10.1016/j.biortech.2012.11.077
http://doi.org/10.1016/j.carbpol.2007.04.015
http://doi.org/10.1016/S0141-0229(00)00266-0
http://doi.org/10.1016/S0141-0229(00)00266-0
http://doi.org/10.1016/j.jphotobiol.2011.08.003
http://doi.org/10.1016/j.plaphy.2012.02.012
http://doi.org/10.1016/j.plaphy.2012.02.012
https://www.sciencedirect.com/science/article/pii/S0022286096095324
https://www.sciencedirect.com/science/article/pii/S0022286096095324
https://www.sciencedirect.com/science/article/pii/S0022286096095324
https://www.sciencedirect.com/science/article/pii/S0022286096095324
https://www.sciencedirect.com/science/article/pii/0144456586900119?via%3Dihub
https://www.sciencedirect.com/science/article/pii/0144456586900119?via%3Dihub


  

 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

             

            

            

     

 

            

            

  

 

 

 

https://www.sciencedirect.com/science/article/pii/0144456586900119?via%3Dihub
https://www.sciencedirect.com/science/article/pii/0144456586900119?via%3Dihub
http://doi.org/10.1016/j.ijfoodmicro.2013.10.011
http://doi.org/10.1016/j.ijfoodmicro.2013.10.011
http://doi.org/10.1016/j.precamres.2005.05.006
http://doi.org/10.1016/j.biortech.2013.08.133
http://doi.org/10.1016/j.vibspec.2006.11.006
http://doi.org/10.1016/j.biortech.2013.10.064
http://doi.org/10.1016/j.biortech.2013.10.064
http://doi.org/10.1016/j.biombioe.2006.06.011
http://doi.org/10.1016/j.cis.2006.05.028
http://doi.org/10.1016/j.fuel.2004.10.010
http://doi.org/10.1016/j.biortech.2010.09.046
http://doi.org/10.1016/j.carbpol.2004.10.009
http://doi.org/10.1016/j.carbpol.2004.10.009
http://doi.org/10.1016/j.carbpol.2004.10.009
http://doi.org/10.1016/j.carbpol.2004.10.009
http://doi.org/10.1016/S0144-8617(03)00190-5
http://doi.org/10.1016/j.apenergy.2010.11.026
https://www.sciencedirect.com/science/article/pii/S1570963902004697
https://www.sciencedirect.com/science/article/pii/S1570963902004697
https://www.sciencedirect.com/science/article/pii/S1570963902004697
https://www.sciencedirect.com/science/article/pii/S1570963902004697
http://doi.org/10.3303/CET1125141
http://doi.org/10.3303/CET1125141
http://doi.org/10.1016/S1369-703X(03)00072-X
http://doi.org/10.1007/s10452-013-9454-z
https://www.researchgate.net/publication/260807852_Mass_Cultivation_of_Marine_Micro_alga_Nannochloropsis_gaditana_KF410818_Isolated_from_Visakhapatnam_offshore_and_Fatty_Acid_Profile_Analysis_for_Biodiesel_Production
https://www.researchgate.net/publication/260807852_Mass_Cultivation_of_Marine_Micro_alga_Nannochloropsis_gaditana_KF410818_Isolated_from_Visakhapatnam_offshore_and_Fatty_Acid_Profile_Analysis_for_Biodiesel_Production
https://www.researchgate.net/publication/260807852_Mass_Cultivation_of_Marine_Micro_alga_Nannochloropsis_gaditana_KF410818_Isolated_from_Visakhapatnam_offshore_and_Fatty_Acid_Profile_Analysis_for_Biodiesel_Production
https://www.researchgate.net/publication/260807852_Mass_Cultivation_of_Marine_Micro_alga_Nannochloropsis_gaditana_KF410818_Isolated_from_Visakhapatnam_offshore_and_Fatty_Acid_Profile_Analysis_for_Biodiesel_Production
https://www.researchgate.net/publication/260807852_Mass_Cultivation_of_Marine_Micro_alga_Nannochloropsis_gaditana_KF410818_Isolated_from_Visakhapatnam_offshore_and_Fatty_Acid_Profile_Analysis_for_Biodiesel_Production
http://www.dcne.ugto.mx/Contenido/MaterialDidactico/amezquita/Analitica4/Silverstein%20-%20Spectrometric%20Identification%20of%20Organic%20Compounds%207th%20ed.pdf
http://www.dcne.ugto.mx/Contenido/MaterialDidactico/amezquita/Analitica4/Silverstein%20-%20Spectrometric%20Identification%20of%20Organic%20Compounds%207th%20ed.pdf
http://doi.org/10.1016/j.plaphy.2005.07.001


  

 

α

  

 

 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

             

  

 

 

http://doi.org/10.1007/s40095-014-0138-9
http://doi.org/10.1007/s40095-014-0138-9
http://doi.org/10.1007/s11708-015-0346-x
http://doi.org/10.1007/s11708-015-0346-x
http://doi.org/10.1016/j.biortech.2013.01.060
http://doi.org/10.1016/j.biortech.2013.01.060
https://www.scopus.com/inward/record.uri?eid=2-s2.0-37349000354&doi=10.1016%2fS1004-9541%2807%2960153-0&partnerID=40&md5=a41054bf1490de955b359a881790eba7
https://www.scopus.com/inward/record.uri?eid=2-s2.0-37349000354&doi=10.1016%2fS1004-9541%2807%2960153-0&partnerID=40&md5=a41054bf1490de955b359a881790eba7
https://www.scopus.com/inward/record.uri?eid=2-s2.0-37349000354&doi=10.1016%2fS1004-9541%2807%2960153-0&partnerID=40&md5=a41054bf1490de955b359a881790eba7
https://www.scopus.com/inward/record.uri?eid=2-s2.0-37349000354&doi=10.1016%2fS1004-9541%2807%2960153-0&partnerID=40&md5=a41054bf1490de955b359a881790eba7
http://doi.org/10.1007/s00253-008-1518-y
http://doi.org/10.1016/j.msec.2013.05.030
http://doi.org/10.1016/j.fuel.2010.11.031
http://doi.org/10.1016/j.biotechadv.2007.02.001
http://doi.org/10.1007/s00253-008-1518-y
http://doi.org/10.1007/s00253-008-1518-y
http://doi.org/10.1016/j.msec.2013.05.030
http://doi.org/10.1016/j.msec.2013.05.030
http://doi.org/10.1016/j.fuel.2010.11.031
http://doi.org/10.1016/j.biotechadv.2007.02.001
http://doi.org/10.1016/j.biotechadv.2007.02.001

