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ABSTRACT
Biomassisusuallyconsideredasdifferenttypesoflignocellulosicmaterialshavingvariedcompositionpotentialto
utilize in the useful forms of energy as a substitute of conventional fossil fuels. Algal biomass has multi facet applicationin
research and development such as source of nutrients, biochemical, cosmetics andbiofuels. However, thisnewly
developedenergysourcemetthe requirement of low and medium scale power generation due to low thermal
efficiency.Inpresentstudy,freshwateralgaeSpirogyratakenassourceofbiomassandanalyzedforThermogravimetric
(TG)andcalorificvaluesanalysis.Wefoundthecalorificvalueis2129.4Kcal/KgandTGAresultsshowthatalgalbiomassdecreaserapi
dlyafterreachingthetemperatureover300°C. Theresultobtainedinthispapermaybeusedinfutureasreference material for algae
based biomass for energyapplication.

Key words. Spirogyra, Algal Biomass, Calorific Value,Thermogravimetric.

1.INTRODUCTION
Postindustrialrevolutionhasnotonlyincreasedthedemandofenergybutalsopollutedtheenvironmentmanifold. There
isasignificantincreaseofemissionofCOz2,SOx,NOxandparticulatematterintheenvironmentduetoanthropogenic
activities.Inthepresentscenariocleanandemissionlessenergyisnotonlyachoicebutalsoacompulsionunder
obligationofKyotoprotocoltocurbtheemissionofvariousGHGs. Todealwithglobalwarmingandavoiddangerous

climate change, keeping the temperature below 2°C is also desirable under the Paris agreement. All these concernsmay
be addressed by introducing renewable energy resources. (1.) Renewable energy comprisessolar, wind, hydropower,
tidalwavesandbiomassenergy.Algalbiomassmainlycomposedofcellulose,hemicelluloseandlignin.Biomassis
usuallyconsideredasdifferenttypesofwastematerialshavingvariedcompositionthatmaybeutilizedasasubstituteof
conventionalfossilfuels.Compositionwiseitisconstitutedofcarbon, nitrogen,hydrogen,oxygenandsulphur.Biomass

energy is not only clean source of energy, but also considered as fuel substitution of fossil fuels having the samebenefits
intermsofoperationandimprovingenvironmentalbenefitsofenergygeneration.Asanenergysourcebiomasscanbe

used directly or indirectly converted into other energy forms through various routes namely biochemical&
thermochemical. Besidesthatbiomassresourceshavemorepotentialthanotherrenewableenergyintermsof
sustainability. Thelstand2"generationfuels,consistingofmaize,cerealcropsandsoybeans,areenvironmentally

friendly but conflict with food supply. Algae come under 3"generation food mainlycomposed of lipids, proteins and small
fraction of cellulose and are different from its feedstock of a crop food(2.).

ThealgalapplicationofenergygenerationwasinitiatedbyU.S.governmentin1960andcommonlyknownasASP
(AquaticSpeciesProgram),forthedevelopmentofalgaebasedtechnology.ltwasfurtherextendedinHawaii,justafter

the period of oil crisis and mid-east war. The Japanese government also started the project in time period of 1990-96with
theinnovativeideaofCOxfixation. Theseprojectsconcludedwithvaluableresultslikenewstrainsdevelopmentforlipid
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production, principle of aquaculture and photo bioreactor design. In 21stcentury, continuous efforts are mainly focusedon
how to grow algae in large aquaculture and make the economic balance.(10)

In India, algae projects started in 2011 incollaborationof nine premier research institutes led by CSMCRI (CentralSalt
MarineandChemicalResearchlnstitute)withthedevelopmentofalgaebiodieselwithtraditionalbiodiesel.Recently,

Algae has gained attention other than biomass to overcome the problem of low performance and efficiency.For
increasing efficiency algae must be pretreated before used in the energy system or transformed into anotherphase.
Although production of biodiesel has shown that harvesting procedure and lipid production put the environment at riskand
costenergywaste.Somestudiesusefermentationprocesses,whichareanaerobicinnatureinwhichsugarsare
convertedintocellularenergyandtherebyproduceethanolandcarbondioxideasmetabolicwasteproducts.Anaerobic
digestionessentiallyoccursinabsenceofoxygenandmediatedbymicroorganismstoconvertbiomassintobiogas, butit

still needs lots of development in terms of yield and efficiency.(11)

In developing countries like India, it’s started to gain popularity with the development of technology. Apart fromJatropha,
some strains of Algae are selected and harvested for obtaining the different products like bio oil, syngas throughdifferent
processeslikeliquefaction&gasification.Althoughdifferentprocessesareavailableforconversionofbiomassinto
energy,thermochemicalconversionisconsideredasaoneofthepromisingroutes. Thermochemicalconversionincludes
combustion,gasification,pyrolysisandliquefaction. Combustionisthechemicalreactionoccurringathightemperatureto
convertbiomassintousefulenergyproductsinpresenceofoxygen.Recentlyresearchisgoingonfortheproductionof
biodieselthroughthepyrolysisprocess.Althoughveryfewstudiesaboutcombustionbehaviorofalgaehavebeen

reported, mostly studied about microalgae Chlorella species. The combustion behaviors are analyzedthrough
thermogravimetric (TG) analysis, of biomass in different oxygen concentrations and N2/Ozratio ( 12,13).

In 2014, Lopez-Gonalez (14) reported that certain microalgae like chlorella vulgaris, Scenedesmusalmeiensisand
Nannochloropsisgaditanaare potential biomass for combustion application through TGA-MS-DSC analysis. In thisstudy,
we analyze the Spirogyra in TG/DTG and bomb calorimeter to provide the detail information of algalbiomass mainly for

combustion application.

2. MATERIAL ANDMETHODS
Toanalyzealgalbiomassforenergyproduction,wehaveselectedSpirogyrabasedontheirchemicalcomposition.&

specialties in energy application analyzed through TG/DTG and bombcalorimeter.

2.1 Biomass Selection: Algae has explored for decades mainly due to energy application. For that we haveto
analyzechemicalcompositionthroughproximateandultimateanalysis.However,thequantity&potentialinbiomassfor
energy production is also important for energy production. Therefore, in this study, we selected Spirogyra sp. thathas
beenusedinmulti-application,productionofenergyisoneofthem.Recently,ithasbeenreportedthatSpirogyra
sp. having potential for producing biodiesel (15). The algal biomasses are collected from ponds nearby the Meerutdistrict
Uttar Pradesh, India. The collected algal biomasses are kept for sun drying and powdered for furtheruse.

Table 1: The lipid percentage of algae andmicroalgae

Microalgae/Macroalgae species. | Lipid (% Dry wt.)
Spirogyra 20-32
Monallanthussalina >20
Nannochloropsis sp. (fresh 20-35
water)

Nannochloropsis sp.(sea water) 31-68
Neochlorisoleoabundans 35-54
Botryococcusbraunii 25-75
Chlorella sp. 28-32
Phaeodactylumtricornutum 20-30
Nitzschia sp. 45-47
Cylindrotheca sp. 16-37 16-37
Crypthecodiniumcohnii 20
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2.2 Calorific Value Detection: The calorific value of algal biomass is determined by evaluation of gross calorificvalue
(GCV)ofpreparedsample.ltmeasurestheenergycontentofaunitmasssampleinabombcalorimeter.Inthismethod
calorificvalueisdeterminedbyburningaweighedbiomasssampleundercontrolledconditioninanoxygenbomb

calorimeter.

2.3TG/DTGAnNalysis: Thealgaesampleinpowderformkeptinoven(40°C).overnightbeforetestingthestarting
temperatureis90°Cforaround30minutesmainlyfordryingpurposeofthebiomassandkeepthemoisturewithinlimit.

Finally temperature increased up to 900°C to analyze the thermal stability and oxidative stability ofsample.

Table 2: The Calorific values of Spirogyra, microalgae, fossil fuel & other biomassmaterials

Jig Kcal/KG Types of | Reference
Biomass
.Spirogyra 8,900.89 2,129.4 Non-food In this study
Chlorella 21,1745 5,057.4 Non-food [18]
Spirulina 20,866.3 4,983 Non-food [18]
Coal 28,665.6 6,846.7 Fossil fuel [18]
Diesel 42,000~49,500 10,047.8~11,842.1 | Fossil fuel [16]
Coconut 35,000~38,100 8,373.2~9,114.8 Food [16]
Soybean 38,310~39,760 9,114.8~9511.9 Food [16]
Wood Waste 19,450 4,645.6 Food [17]
Vege-Oil 33,700 8,049.1 Food [17]

3. RESULTS ANDDISCUSSION:
The algal biomass samples were tested for calorific value and TG /DTGanalysis.

3.1 Calorific Value Analysis of Spirogyra: Each sample after drying had been tested for its calorific value. Tomake
analysiscomparableandmeaningful,examplesoffossilfuelslikecoal&dieselhadalsobeentakenasreference.The
calorificvalueofcoal&vegetableoilishigherthanthatofalgalbiomass(Table 2)Howeveralgalbiomassincombinationwithother
biomass can be used to get better results in terms of calorificvalue.

3.2 TG&DTG ofSpirogyra:Themajorcomponentsofalgalbiomassesarewater, lipid, protein,cellulose&lignin.
TheTG&DTGcurveisshowninfigurel. Thesampledecreasedafter300°Candabout65%ofthesampleburntafter
900°C.IntheDTGcurve,thefirstpeakat300°Coccursduetocellulosedecayandthesecondpeakat355°Cisdueto

lignin decay of the lignocellulosic biomass.
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Figure: 1 TG & DTG Curves of Spirogyra

3.3Discussion -Algae based technologies are reliable energy source that could meet energy requirement of the
world. Since algal cell store oil , so their oil content was analyzed by extracting oil using soxhlet extraction method and the
best oil producing alga was identified
asSpirogyra[19]ThecalorificvalueofalgalbiomassshowthatpotentialofalgaetobematerialasbiofuelandTG
analysisresultsshowthatthermalstabilityofthebiomassbehaviorincombustionsystem.Accordingtoresultcalorific
valueofSpirogyraisnotonlylessthanfossilfuelbutalsolessthanothermicroalgaeltmayduetohigherpercentageof

lignin in sample biomass, which remains unburnt in samples about 35% even at high temperature. In TGtesting
combustion take place in two stages. In first stage almost carbohydrate combusted,in second stage nitrogen and sulphur
combustedasapartofproteindegradation. TGanalysisresult(Fig:1)showsthesampledecreasedrapidlyat300°Candbeyond650°C
theratebecomesalmostconstantbecausepresenceoflignin.DTG(Derivativethermogravimetric)istheinterpretation of weight
loss or weight gain over temperature and curve shows that hemicellulose & cellulosedegradationoccurs at 300°C and lignin
degradation started at355°Clt has been also found that apart from energy generation Spirogyrasp. demonstrated potential
for the treatment of municipal waste water and biochemical component obtained were suitable for many applications [20]

4. CONCLUSION

In this study, we have analyzed algal biomass of Spirogyra and concluded that on the basis of results and discussion that
Spirogyrasp. suitable for low and medium scale power generation due to low calorific value and thermal efficiency but
having significant lipid percentage 20-32% (Table 1) . Therefore,having potential for biodiesel
production.Besidesthis,algalbiomassshouldbemixedwithothermaterialstoincreasethecalorificvalueforbetterheatperformance.
ThecalorificvalueandTGanalysisshowthatalgalbiomasshaspotentialasabiofuelseitheraloneorincombinationwithotherbiomassf
orbetterresults.Sometimesthecompositionofmulticomponentsystemsresultsbetter,whenTGcoupledwithMS (TG-MS) with
risingtemperature

5.ABBREVIATIONS

129TGA-MS-DSC: Thermogravimetric analysis-Mass spectrometry-Differential scanning calorimetry
130TG :Thermogravimetry
131DTG:Derivativethermogravimetry

132
146
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