Bio-oil fuels production from microalgae
after heterotrophic growth
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¢ heterotrophic Chlorella protothecoides
T35/ MR (HC)

*» Microcystis
THEERE (— MK




Fig. 1 The shape of Chlorella protothecoids under light
microscope (10x40). The diameter of cells is about 3-12 um.
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Fig. 2 Cells of Chlorella protothecoids under photoautotrophic
and heterotrophic culture conditions.
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AC HC

Fig. 3 Cells of photoautotrophic Chlorella protothecoids (AC) and
heterotrophic Chlorella protothecoids (HC) under confocal laser
scanning microscope.
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Table 1

The contents of main chemical components in cells of AC

and HC.

(£1 AC. HCYIMu FEAMT & =)

Strain Protein Lipid Carbohydrate Ash
(%) (%) (W) (%) (%)

Moisture Others
(%) (%)

AC 52.64 14.57 10.62 7.38

HC 10.28 54.70 15.19 7.24

8.74 6.05

5.40 7.19




Fig. 4 Cells of AC under differential interference microscopy.
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Fig. 5 Cells of HC under differential interference microscopy.
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Fig. 6 C. protothecoids cells under light microscope (a) and
electron microscope (b).
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Fig. 7 Differences in cell organization between HC and AC cells.
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Fig. 8 The culture process of the HC cells by “Two Step” method.
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Fig. 8 The culture process of the HC cells by
“Two Step” method.
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Fig. 9 Comparison of the HC cell growth under axenic, half-
axenic and no-axenic culture conditions.
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2. Fast pyrolysis of

microalgae
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Pyrolysis system: the fluid bed
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Pyrolysis conditions (Fufi# 4% 1)
Temperature (#&F): 500°C
heating rate (F1i&i#E%): 600 C/s

reactor (Fig. 7)
7))

vapor residence time (F=4)/

= B Hﬂ‘l‘E_'J): 2-3 S

biomass-feeding rate (BEEHEE): 4g/min
particle size (A MUK /M) < 0.5 mm
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Fig. 10 The diagram of fast pyrolysis system
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Microcystis

Fig. 11 Dry cells powder of AC, HC and Microcystis respectively.
(11 BF (AC) I (HC) /NEREE MR ZEENTEM)




Table 2

Yields of fast pyrolysis at temperature of 500 ‘C, heating
rate of 600 °C /s and the sweeping gas flow rate of 0.4m?3/h.

(R2 e R PR =)

Gas Bio-Oill Char
(%0) (%0) (%0)
AC 29.6 16.6 53.8

Strain

HC 31.6 57.2 11.2

Microcystis 55.2 23.7 21.1

All the yields were expressed on the basis of the dry weight of
samples.
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Fig. 12 Product yields of microalgae by fast pyrolysis
at temperature of 500 C, heating rate of 600 C /s and
the sweeping gas flow rate of 0.4m?3/h.
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Microcystis

Fig. 13 Bio-Oil products of AC, HC and Microcystis by fast
pyrolysis.
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Table 3 Comparison of typical properties of fossil oil and
fast pyrolysis oil of wood and HC.

Typical value
Properties Bio-oils Fossil oil
Wood AC HC
56.4% 62.07% 76.22% 83.0-87.0%
6.2% 8.76% 11.61% 10.0-14.0%
37.3% 19.43% 11.24% 0.05-1.5%
0.1% 9.74% 0.93% 0.01-0.7%
n.d. n.d. n.d. 0.05-5.0%
Density (kg 1) 1.2 1.06 0.92 0.75-1.0
Viscosity (Pa s) 0.04-0.20 0.10 0.02 2-1000
(at 40°C) (at 40°C) (at 40°C)
Heating value 21 30 41 42
(MJ kg)

Stability Not as stableas  Not as stable as fossil fuels, but
fossil fuels more stable than the bio-oil from
wood




Conclusions

Our research suggests that the new process, which
combines bioengineering and fast pyrolysis, Is a
feasible and effective method for the production of
high yield and high quality fuel oils from microalgae.
The research could contribute to the creation of a
system to produce energy from microalgae, and also

could have great commercial potential for liquid fuel
production.
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