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Abstract : Biodiesel is a renewable and environmentally friendly liquid biofuel for transportation.
Insect is considered as a new valuable biomass to convert into biodiesel. In particular, BSF(Black
Soldier Fly) containing high fat is a renewable source of biodiesel. Biodiesel drived BSF has high
concentration of saturated fatty acid methyl ester and low concentration of polyunsaturted fatty acid
methyl ester which makes it potentially an ideal substrate for producing excellent quality biodiesel.
Most of the fuel properties of BSF biodiesel were met the requirements of standard EN 14214, BSF
have a higher lipid yield and biodiesel productivity as compared to microalgae and vegetable oils. This
review paper includes the overall summary and compilation of the insect research conducted on
biodiesel production and includes the BSF biodiesel properties.
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Table 1. Estimated oil contents of different
biodiesel feedstocks[7]

Feedstocks Oil contents(%)
Soybean 15 ~ 20
Rapeseed 38 ~ 46
Coconut 63 ~ 65
Palm 30 ~ 60
Jatropha 35 ~ 40
Microalgae 30 ~ 70
BSF 30 ~ 60
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Fig. 1. Schematic presentation of bioconversion of food waste to biofuel and animal

feed[8].
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Table 2. Physical and chemical properties of grease of BSF

Qubz oz wlolorde] YRR Mol
Taol e kel

= O
BELE]

o] @1, 8, 16l

Biomass Iodine value | Acid value | Saponification value | Melt point | Peroxide value Ref.
(g1/100g) | (mg-xon/g) (mg-xon/g) O (meq/kg)
96 8.7 157.5 5 0.03 1
BSF 89 8.2 157 6.8(CP) 0.18 9
89.7 7.1 146.6 4 0.04 16
76.5 11.1 232.4 - - 15
Soybean 128-143 0.2 195.3 - - 17
Palm 48-58 0.1 208.63 - - 17
WCO 148 18 - - - 18
Rapeseed 94-120 0.2 168-187 - - 19
Jatropha 108.4 5.4 196.3 - - 17
Table 3. The fatty acid composition of grease BSF
Biomass Fatty acids(%) Ref.
Ci0:0| C12:0 | C14:0| Cus:0 | Ciseo | Cuei1 | Cineo | Cusio | Cise | Cusiz | Cigzz | Crgio | Caozo | Caoia
3.1 1356] 7.6 | 1.0 |14.8] 3.8 3.6 |23.6] 2.1 1
- (449|183 | - [135(24 | - |21 ]120]99 | - - - - 18
BSF 38127881 |15 |142| 45| - |76 |225| 18| - - - - 19
28 |305| 77| - |214| 43| - |32 |249|43|82|09| - - 112
1.4 (412104 ] 0.1 [122] 32 ] 0.2 | 2.4 |141|138]| - - 101] - |20
Soybean | - - 105 - |100] - - 160 1]20.2[537|81]07]| - - 117
Palm - - 120 - |480] - - |50 1370|9111 - - - |17
WCO - - |14 - |139] - - | 571336379149 | - | 07]03]17
Rapeseed | - - - - 149 | - - | 1.6 1330|204 74 | - - - |17
Jatropha | - - 01| - (142107 0.1 |70 [447]328]02| - |02 - |17
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Fig. 2. Process diagram for biodiesel production.

Table 4. Reaction properties of alkali and acid catalyst

Alkali catalyst Acid catalyst
Type of oil { 2.5% FFA > 2.5% FFA
FFA Soap formation — FAME
TG — FAME — FAME
Reactivity Fast Slow
Water Triglyceride + H,O — Diglyceride + Free fatty acid
Temperature Lower Higher
Time Short Long
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Table 5. Reaction equation for biodiesel production

Alkali catalyst

Acid catalyst

CH,-0-CO-R, CH,-OH R-0-CO-R,
(|3H-O-CO-R:- + 3ROH —» (|3H-OH + R-O-COR, | R4-COOH + ROH ——» R-0O-CO-R; + H)O
(|3H;.—O—CO—R3 (|3H;-OH R-0-CO-R3
Transesterificaton reaction Esterification reaction
CH,-0-CO-R, CH,-OH
R,-COOH + NaOH —» R,COONa + H,0 |CH-O-COR; ; H,0 —b(|3H-O-CO-R:_ + R,-COOH

Saponification reaction

CH,-0-CO-R; CH,-0-CO-R;

Hydrolysis reaction
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Table 6. The fatty acid composition of BSF biodiesel
Fatty acid methyl ester(%)
Ci0:0|Ci12:0| C1a:0| Ci5:0 | Ci6:0 | Ci6:1| Cusio | Cusin | Cisiz | Cas:z| Croio | Cao:0 | Co0:1 | Caz:0| Cazit Ref
381278181 | 1514245 |7.6 (225|118 | - - - - - - 9
28130577 - |214|43 (32124943 - |09 ] - - - - |12
BoF 3.1 (356 76| - |148/38[3.6(236(58| - |14 - | - | - | - |23
1.6 (4321 7.0 - |19.71 2.8 | 55(13.0| 23| - [ 47| - - - - 120
Soybean | — | 0.1 0.1 | - |11.6]0.2 |39 |23.7|53.8/ 59| - |03]03[03|0.1]24
Palm 0510311 - |425/0.21]42141.3]95|03 ]| - - - 101 - |24
WCO - - 112 - |36.9 6.7 [31.6(189| - - 107103103 - |16
Rapeseed | 0.6 | 0.1 | — - 142]01]1.6(5.5(215/84| - [04]21(03|05]24
Jatropha | - - - - |13.8] 1.0 | 6.3 |42.6/26.4] 0.1 | - - - - - |25
Table 7. Saturated and unsaturated FAME properties of grease of BSF
Biomass | Saturated FAME Monounsaturated FAME Polyunsaturated FAME Ref.
69.9 14.9 12.5 8
57.39 28.99 12.67 26
BSF 57.81 17.54 13.82 20
65.7 30.2 2.1 1
65.6 30.1 4.3 12
Soybean 15.5 23.5 61.0 27
Palm 434 434 13.2 27
WCO 46.0 31.9 18.9 16
Rapeseed 7.4 62.3 30.0 17
Jatropha 21.1 44.5 34.4 17
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Table 8. Analysis data of the quality of biodiesel from the BSF grease

. BSF Soybean | Palm | WCO | Rapeseed | Jatropha
Properties
Ref. 12 |Ref. 23| Ref. 18 | Ref. 18 |Ref. 30| Ref. 24 | Ref. 25
Ester content, wt% 98.3 97.2 98.2 97.68 - - -
Sulfur, mg/kg 1200 N.D. 0.7 1.1 - 4 30
Density @ 15 °C, kg/m® 875 885 886 876 874.2 879 886
Viscosity @ 40 °C, cSt 5.2 5.8 4.03 4.53 4.65 4.5 3.89
Flash Point, °C 121 123 177 171 453 169 459
Water, wt% 0.03 0.03 0.013 0.027 0.08 - 0.017
Acid value, mg KOH/g <0.8 1.1 0.24 0.3 1.17 - 0.154
CFPP, °C - - -3.0 >10 - -12 -
Methanol, wt% - 0.3 N.D. N.D. - - 0.2

Table 9. Composition of BSF with other biodiesel feedstocks[2].

Feedstocks ' Oil contents Qil yield Biodiésel' productivity
(% oil by wt. in dry biomass) (L oil/ha/year) (kg biodiesel/ha/year)
Soybean 18 636 562
Rapeseed 41 974 862
Palm 36 5,366 4,747
Jatropha 28 741 656
Microalgae 50 97,800 86,515
BSF 40 162,000 145,800
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