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Abstract
Microalgae with reserves of carbohydrates, high growth rate have Received: 16 January 2021
been introduced as one of the most promising sources for Accepted: 8 March 2021

bioethanol production. In this study, after culturing mixed PR INTIZES E*rte

microalgae species in photobioreactors, a nitrogen starvation
strategy was used to increase the accumulation of carbohydrates in
microalgae. Then, the sugars in the biomass were extracted using
enzymatic hydrolysis by cellulase enzyme. For the first time, the
enzymatic hydrolysis of microalgae is investigated by considering
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the dynamic conditions of the fluid inside the reactor. The results Keywords:

showed that increasing the system agitation more than the enzyme Baffle,

concentration affects the hydrolysis efficiency. At high speeds of Mixed Microalgae,

250 rpm, where the flow regime changes from slow to turbulent, Hydrodynamic Fluid
the amount of sugar released is much higher than the values at low Condition,

speeds of the stirrer. Also, adding baffle increases the mass Stirrer,

transfer rate by preventing the formation of vortices and Enzymatic Hydrolysis,
consequently increases the hydrolysis efficiency. But changing Mass Transfer

the type of stirrer does not have a significant effect on
the hydrolysis process. Also in this study, the effect of agitation
during the hydrolysis process was investigated by evaluating the
mass transfer rate.
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4. Stirred tank Batch Reactor

1. Lignin
2. Hemicellulose
3. Continuous Tank Batch Reactor

(16:+) 0342 9 30 0 )losd — iy JUw = Ylral (Fousd (s g aiss

<

wZBG T s 2 JUES 5 9 (Saelis9)amd byl sl pS U (g )

—~

FF-VA i o0 — oS g 5,55



I3

FE-VA oo — goLis g 15,

—~

wZBG T s 2 JUESH 5 9 (Saelins9)3md byl sl pS U (g )

7Y

Mixed culture of microalgae

Carbon fixation reactions
(in stroma)

Chioroplast )

Cellulose

Enzymatic hydrolysis of microalgae in stirring
reactor

il 51 S Byl ga e N S

Figure 1. The general schematic of the process.
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Table 1. Enzymatic hydrolysis experiments.

Experimental

Stirring Speeds (rpm)

Enzyme concentration

Impeller type

number De (MY protein/ML)

1 500

2 400

3 300

4 250

5 200

6 150

0.416

7 100

8 75

¢ 20 Rushton

The impeller speed changed
10 from 50 to 500 rpm
during 9 hours
An enzyme concentration equal to
the initial enzyme concentration was
11 50 added to the reactor at 9 hours after
the start of the experiment.
0.416+0.416

12 50 0.832

13 500 0.416 Rushton + Baffle

14 500 0.416 Propller + Baffle
1. Propller 2. Total Suspended Solid 3. Vaporised Suspended Solid
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Figure 2. Glucose concentration at different stirring speeds ranging from 50 to 500 rpm versus time at experiments 1 to 9.
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Figure 4. (a) The apparent viscosity versus time; (b) Reynolds number versus time at experiments 1 to 9.
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Figure 5. (a) The mass transfer coefficients at different impeller speeds versus time, (b) Maximum mass transfer at
different impeller speeds versus time.
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Figure 7. The glucose concentration at experiments 10,11, and 12 compared to experiments 1 and 9.
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Figure 8. The amount of sugar released in experiment 13 (installing the baffle to the reactor) and 14 (changing the type
of impeller from Rushton to Propller) compared to experiment 1 (no baffle and with the Rushton impeller) over time.
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