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A Review of Biofuels Production Technologies from Microalgae
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Chugju-Si, Chungcheongbuk-do, 28115, Korea

Abstract >> Biofuels produced from biomass can be substituted for petroleum fuels due to GHG reduction,
sustainability and environmental friendly. The process technologies that convert biomass into biofuels are varied
and depend on the feedstocks. Microalgae are considered to be one of the most promising alternative source to
the conventional feedstocks for biofuel. Microalgae can be converted to biodiesel, bioethanol, biogas and biojet
fuel via thermolchemical and biochemical production technologies. This reviews discusses recent advance in
understanding the effects of the characteristics of various processes on the production of biofuels using microalgae.
The performances of microalgae based biofuel are compared.
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Table gnGeneral composition of different algae (% of dry 18} QTP Table 12 38 2F9] Fof @2 7
matter)”
X R e gk
Algae Protein| Carbohydrates | Lipids _ . . . . .
— 3fjoF u]AZF= linolenic acid, AA (arachidonic
Anabaena cylindrica 43-56 25-30 4-7
Aphanizomenon flos-aquac| 62 23 3 acid), EPA (eicosapentaenoic acid), DHA (docosa-
Chlamydomonas rheinhardii| 48 17 21 hexaenoic acid) %9—] %:‘Tiil- X]-Hol—/‘\lo] ‘Lj?—}'O] ;‘T&@,‘E}
Cholrella pyrenoidosa 57 26 2 o-] x]l:ﬂ-/l]—o = palmitoleic (Clé:l), oleic (Cl&l),
holrell lgari 51-58 12-17 14-22 . . . . .
Cholrella vulgaris linoleic (Cis»), linolenic (Cis3) 52 EE3FX|ALO]
Dunaliella salina 57 32 6 ) ol
DA ' o
Dunaliella bioculata | 49 4 8 L3 = palmitic (Cie), stearic (Ciso)
Euglena gracilis 3961 14-18 14-20 Ao g A2 ¢l 3 5&5101 Ak E3L B AEA
Porphyridium cruentum | 28-39 40-57 9-14 L2 Yofl= EFE O QA kL Cis, Ciy 74 f—r7ﬂ
Scenedesmus obliquus 50-56 10-17 12-14 94 %ﬁ\_—),\—% :‘TE@'?—S}FJ_ 31_15 2 O"EJ]XI] 01]—/]_
Scenedesmus quadricauda | 47 - 1.9 o - o o
A AGSE nh|REE &85 okt vlo| o
Scenedesmus dimorphus | 8-18 21-52 16-40 el v s Rk Fel-
37 z o O /‘\ o]
Spirogyra sp. 6-20 33-64 11-21 A AP SHS2 U] ]}‘ ] H:}iﬂ— =
Arthrospira maxima | 60-71 13-16 6-7 = I =&o] EA)7] g Oﬂ TR0 Y= T2
Spirulina platensis 46-63 8-14 4-9 AMElsk= o] ZQ3lt) vlo|r]Ao] AL ujAx
Spirulina maxima 60-71 13-16 6-7 —= _ -
P Froll e o] Sl= AE Y gro] otofsial o &
Synechococcus  sp. 63 15 11 L za) 2 ol AAE} UG Al .
= =35 A= kel o SHoks
Chlorella vulgaris 51-58 12-17 14-22 TEY 7 s A PHS AdEseRit
Prymnesium parvum 28-45 25-33 22-38
Tetraselmis maculate 52 15 3 2.2 =&4H
Porphyridium cruentum | 8-39 40-57 9-14
nA| 2R A2 theoll A|EE =55 Hok
Fo| VMRS o AW WA AW Q0L FEsh Wil ol] eeel chaket Wl
3l A3l o S, abundans A11759] 7L T2 tholst 8ufE o] 8-3fo] JdkE]oj9ttt EJ. Lohman
Chlorella, Nannochloropsis, Botryococcus, Bracteacoccus 5L njo|aZuE o] 83fo] thafslh ujARF Fof
Foll v3) 73.82 mg/LdR & vlol o2 VIS jak 25 AASITE of uf gujel AL Tstel
VeI 444%2) & AR FRSL AL B 5L EA0w F3H AU GCF o] g3l £

Table 2 Lipid content and fatty acid composition of different microalgae

Algae Ciao Ciso Cis:1 Cigo Cig:1 Ciga Cigs Reference
Chlorella vulgaris - 14.55 1.18 10.51 23.62 13.8 32.1 8
Scenedesmus  sp. - 18.42 2.31 3.43 49.64 11.30 8.26 9
Chlorella sp., BUM11008 0.3 0.41 241 25.94 6.85 16.17 0.99 10
Dunaliella sp. - 9.19 0.8 4.27 22.51 3.84 4431 8
Nannochloropsis sp. 5.37 28.83 32.93 0.98 21.16 2.24 - 9
Chlamydomonas reinhardtii - 23.77 1.94 4.41 19.73 6.58 25.49 8
Chlorella sp. 2.12 16.36 6.09 1.22 33.69 11.96 12.74 11
Nannochloris sp. 2.03 25.28 2.36 0.98 5.83 19.65 23.24 11
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Table 3 Comparison of mean and standard deviation of lipid extracted with microwave'
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Algae Free fatty acid (%) Tri-glyceride (%) Sum of extraction (%) Total biodiesel potential
P. tricornutum 1.4+0.2 27.39+0.32 31.51+0.33 51.19+0.75
C. vulgaris 1.88+0.54 17.35+0.95 21.56+0.06 32.96+0.93
C. reinhardtii 2.56+0.15 3.46+0.28 8.53+0.18 14.45+0.95
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Table 4 FAME yield of biodiesel produced from microalgae
Microalgae FAME yield (%) Catalyst Advantage References
Scenedesmus abundans 13.12 H.SO4 Dried biomass 19
P. tricornutum 51.19 HCI Dried biomass 20
C. vulgaris 32.96 HCI Dried biomass 20
C. reinhardtii 14.45 HCI Dried biomass 20
Nannochloropsis 80.13 H>SO4 Dried biomass, microwave 21
Chlorella 91.00 H,SO4 Dried biomass, ultrasonic 21
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Table 5 Jet fuel production pathway in global™
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Category Pathways Pathways Companies
Ethanol to Jet Terrabon/MixAlco, Lanza Tech
Alcohol to Jet
Butanol to Jet Gevo, Byogy
Oil to Jet Hydro-processed renewable jet (HRJ) UOP, SG Biofuels
Catalytic hydro-thermolysis (CH) Applied Research Assoc, Chevron
G ; Hydro-treated depolymerized cellulosic jet (HDCJ) Kior, Envergent
as to Jet
Fischer-Tropsch synthesis Syntroleum, SynFuels
Gas fermentation Coskata, IneosBio/Lanza Tech
Catalytic upgrading of sugar to jet Virent/Shell, Virdia
Sugar to Jet
Direct sugar to hydrocarbons Amyris/Total, Solazyme
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Fig. 7 Routes for production of ethanol from microalgae®
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Table 6 Effectiveness of bioethanol production
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Microalgae Productivity Type & condi'tion Yield' of Yielq of References
(g ethanol/L day) of hydrolysis hydrolysis (%) fermentation (%)
Chlamydomonas fasciata 14.4 Enzymatic 80 69 26
Chlamydomonas reinhardtii 7 Enzymatic 94 60 27
Chlorella sp. KR-1 12-14 Acid and enzymatic 98 80 28
Dunaliella tertiolecta 8 Chemeo-enzymatic 80 82 29
Synechococcus PCC 7002 30 Enzymatic 80 86 30
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Table 7 Effectiveness of biogas production with the use of algae
Microalgae Quantity of biogas/methane References
Scenedesmus sp.+Chlorella sp. 986 dm3/kg o.d.m. 33
Scenedesmus obliquus 21073.0 dm’ CH4/kg o.d.m. 35
Phaeodactylum tricornutum 35073.0 dm’ CH4/kg o.d.m. 35
Spirulina platensis 28070.8 dm’ CH4/kg o.d.m. 35
Chlamydomonas reinhardtii 58778.8 dm’/kg o.d.m. 36
Dunaliella salina 505724.8 dm’/kg o.d.m. 36
S. obliquus 287710.1dm’/kg o.d.m. 36
Chlorella kessleri 33577.8dm’/kg o.d.m. 36
Euglena gracilis 48573.0 dm’/kg o.d.m. 36
Arthrospira platensis 481713.8dm’/kg o.d.m. 36
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Table 8 Methane production and pretreatment improvement
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Microalgae T (°C) Pretreatment Methane Improvement | References

Ultrasonic 153.5 mLg' COD 100%

Scenedesmus 35 5 39
Thermal at 80°C 128.7 mLg" COD 60%
High pressure thermal hydrolysis+ lipid extraction 380 mLg" VS 110%

Scenedesmus 38 High pressure thermal hydrolysis 320 mLg" VS 81% 39
Lipid extraction 240 mLg" VS 33%
Microwave 487 mLg" VS 40%

Nannochloropis | 3¢ Thermal 549 mLg" VS 58% 40

salina

french press 460 mLg"' VS 33%
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Table 9 Current Biodiesel Specifications*?

A2 - apzist
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Properties KS EN14214
Ester content (concentration), wt%, min 96.5 96.5
Sulfur, ppm, max 10 10
Density @ 15°C, kg/m’ 860 ~ 900 860 ~ 900
Viscosity @ 40°C, cSt 1.9 ~ 5.0 35 ~50
Flash Point, °C, min 120 101
Carbon residue 10%, wt%, max 0.1 0.3
Water, wt%, max 0.05 0.05
Ash, wt%, max 0.01 -
Total contamination, ppm, max 24 24
Copper corrosion, 3 hr @ 100°C, merit (class), max 1 1
Acid value, mg KOH/g, max 0.50 0.5
Methanol, wt%, max 0.2 0.2
Monoglycerides, wt%, max 0.80 0.7
Diglycerides, wt%, max 0.20 0.2
Triglycerides, wt%, max 0.20 0.2
Free Glycerol, wt%, max 0.02 0.02
Total glycerol, wt%, max 0.24 0.25
Phosphorus, ppm, max 10 4
Sediment, wt%, max 24 -
Alkali, Group 1 (Na, K), ppm, max 5 5.0
Metals, Group II (Ca, Mg), ppm, max 5 5.0
Cold Filter Plugging Point (CFPP), °C, max 0(w) -
Oxidation stability @ 110°C, hour, min 6 8.0
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Table 10 Qualities of biodiesel from different microalgae

Microalgae CN v DU Sv CFPP Reference
Scenedesmus abundans 53.68 85.07 76.78 205.8 34.17
SCRE-1 60 74 - 2
SORE 1 57 88 - -5 5
S. abundans 52.15 94.06 84.5 202.02
Coelastrella sp. M-60 55.5 84.9 91.9 194.5 443
Micractinium sp. M-13 62.9 53.4 57.8 190.6 4
Chlorella sp. 56.7 65 74.1 217.8 - 7
S. obliquus 58.17 71.62 82.58 195.03 -5.0 u
C. pyrenoidosa 58.42 69.33 79.85 196.9 1.5
mus fusiformis, Chlamydocapsa bacillus, Ankis- W dlo]e AL zjHlAle] WE o AH |2 IBIER
trodesmus falcatus 52 42-502] Agt7kel 101-136 AR Yol AknE Zgstal gtk o] AR} gt
o] 8 =S YERGItE 23} FAMEZ} B2 Chla- /& UERdo] A7] Hato] g A7gegdoly
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Table 11 Jet fuel specification'”
Properties fet Al 1P
IATA DefStan 91-91 ASTM D7566 MIL-DTL-83
Composition max 0.015 max 0.012 max 0.1 max 0.015
Acidity(mg KOH/g) max 25 max 25 max 25 max 25
Aromatics(vol %) max 0.3 max 0.3 max 0.3 max 0.3
Distillation temperature: 10% Recovery (°C) max 205 max 205 max 205 max 205
20% Recovery (°C) - - - -
50% Recovery (°C) - - min 15 -
90% Recovery (°C) - - min 40 -
Final BP (°C) max 300 max 300 max 300 max 300
Flash point (°C) mim 38 mim 38 mim 38 mim 38
Density @15°C (kg/m”) 775-840 775-840 775-840 775-840
Freezingpoint (°C), max -47 -47 -47 -47
Viscosity @ -20°C (cSt) max 8 max 8 max 8 max 8
Net heat of comb. (MJ/kg) min 42.8 min 42.8 min 42.8 min 42.8
Smoke point (mm) min 25 min 25 min 25 min 25
Smoke point (mm) & naphthalenes (vol%) min 19, max 3 min 19, max 3 min 19, max 3 min 19, max 3
JFTOT DeltaP@260 °C (mmHg) max 25 max 25 max 25 max 25
Tube deposit Rating (Visual) <3 <3 <3 <3
Conductivity (pS/m) 50-450 50-600 - -
BOCLE wear scar diameter (mm) max 0.85 max 0.85 max 0.85 -

o

¢
e

e e i L B o PRI,

A-1, Jet A, Jet B2 1ES 4= Qlt) AN
} 28 JP-4, JP-5, JP-80.2 LETF 4 )tk Jet
A-1, Jet A= 78489 A=olal Jet B= -2t

oo j
:
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e
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Table 12 Properties of Bio-Jet B compared to industrial
standards for Jet B products’

Properties Bio-Jet B | Industrial Jet B
Heating value (MJ/kg) 437 42.8
Freezing point (°C) -60.1 -51
Flash point (°C) 15.8 -
Smoke point (mm) 30.3 25
Specific gravity 0.764 0.750-0.800
50% recovery point (°C) 1823 190
End point (°C) 2442 270
Production rate (kg/h) 826.8 -
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