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ABSTRACT

A study on optimization of the growth conditions for

microalgae cultivation in the flat panel photobioreactor

Oh Ju Yeol

Advisor : Prof. Jeong, Sang-Hwa, Ph.D.
Department of Mechanical Engineering,
Graduate School of Chosun University

In recent years, the demands of bioenergy utilization are increased as the
importance of environmental conservation become bigger. At first, the mass
cultivation and high concentration of microalgae using photobioreactor are required
in order to convert bio resources to applicable energy source. The open-pond system
were developed to improve the microalgae cultivation and massively operated for
the product derived from a lot of micro-organisms. However, in the aspect of the
efficiency of light utilization, the closed photobioreactor system is far superior than
open-pond. The recently developed flat-panel photobioreactor can efficiently cultivate
microalgae in the small space. For the reason many researchers are focusing on the
development of this system.

In this study, the effect of the structure and the size of photobioreactor is
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investigated in order to obtain the optimal culture conditions of microalgae and
scale-up of the reactor. Chlorella is selected based on the lipid-rich and
easy-to-cultured. The flat-panel photobioreactor with the various size, which are 5 L,
15 L, 25 L, and 50 L are fabricated and two types of 15 L photobioreactor with the
different structure are constructed.

Chlorella was cultivated in both the photobioreactor with blade and without blade
to investigate the effect of structure. The experimental result shows that the
bioreactor with blade showed rapider growth rate of Chlorella than the reactor
without blade. This result means that the light source could be effectively provided
to Chlorella in the photobioreactor with blade because of the active circulation of
CO2 and medium, and non(or minimum)-precipitation. Therefore, the airlift system
and the static stirring system should be applied to photobioreactor for the high
condensed cultivation.

The experiment which investigates the relationship between the size of
photobioreactor and the grows rate of Chlorella is performed to verify the feasibility
of scale-up. The flat-panel photobioreactors with 5 L, 25 L, 50 L capacity and the
same structure are used. According to the result, it is verified that the smaller
photobioreactor, the rapid growth rate was shown since the higher density of
Chlorella makes the light penetration ratio smaller. However the difference of
growth rate was insignificant. Therefore, it is expected that the bigger size of

photobioreactor can be more efficient in the view of mass production.
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Table 1 Comparison of oil yield for the type of raw material >’

Materials Oil production (L/ha) |Area requirements (M ha)
Corn 172 1540
Beans 446 594
Canola 1,190 223
Jatropha 1,892 140
Coconut 2,689 99
Palm oil 5,950 45
Microalgae (70% Production) 136,900 2
Microalgae (30% Production) 58,700 45
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Fairly

Excellent Excellent
good
None Excellent Excellent
Poor Low-high Low-high
Low High Low
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Low High High
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%
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Fig. 7 Illustration for the reflection, absorption and

transmission of light in the photobioreactor Danelm

Table 3 Transmissivity for different plastic materials>”

Material PMMA PC ABS PS pPvC Glass
Tranmis-s
92-93 85-91 88-90 =89 =84 90-92
ivity (%)
PMMA : Poly Methyl Methacrylate
PC . Polycarbonate
PS . Polystyrene

ABS ! Acrylonitrile Butadiene Styrene
PVC : Polyvinyl chloride
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Fig. 9 CO, circulation experiment
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Table 4 Lipid contents and productivities of different microalgae species

Maximum biomass lipid
Species productivity content Product
(mg/L/day) (%)
Nannochloropsis Biodiesel,
1,350 31-68 ]
sp. Biomass
Biomass,
Chlorella 1,180 28-32 -
Biodiesel
Botryococcus sp. 350 29-75 Biodiesel
Biodiesel,
Isochrysis galbana 970 25-33 ]
Biomass
Phaeodactylum Biodiesel,
) 830 20-30 ]
tricornutum Biomass
Chlamydomonas
90 21 H2
reinhardtii
Chlorococcu
150 13-28 Carotenoid
littorale
Dunaliella salina 800 23-37 Carotenoids
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Al 3 A Chlorella sp. W%
1. Wl A=A
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A e A & 24F AaAlACk 6F7] windd dEURo® HAE &4
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Uhepu g ool
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Table 5 TAP-salt solution'**"

Stock Solution(SL) Volume Component Concentration in SL
TAP-salt 25 mL NH, Cl 15g/L
MgSO, 7H, O 4e/1.
CaCl, -2H, O 2g/L

Table 6 Phosphate solution2%~2!

Stock Solution(SL) Volume Component Concentration in SL
Phophate 1 mL K, HPO, 15g/L
KH, PO, 4g/L
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Table 7 Trace elements solution'® %"

Stock Solution(SL) Volume Component Concentration in SL

Trace element 1 mL Na, EDTA-2H, O 500g/L
ZnSO, *7H, O 220g/L

H; BO; 114g/L

MnCl, -4H, O 50g/L

FeSO, 7H, O 50g/L

CoCl, -6H, O 1l6g/L

CuSO, -5H, O 1l6g/L

(NH, )sMoOj; 11g/L

Table 8 Total stock solution composition

Component Concentration in SL
200 x TAP-salt 10 mL/L
200 x Phophate 5 mL/L
100 x Trace element 10 mL/L
Glacial Acetic Acid 1 mL/L
Tris 242¢/L
Bacto Agar 15¢/L

(Solid medium in the manufacture)
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(a) (b)

Fig. 20 Microscope view of Chlorella(x1000)

(a) (b)

Fig. 21 Microscope view of Chlorella(x400)
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Table 9 Optical Density(680nm) in two types of photobioreactor

1 2 3 4 5 6 7 8 9 10

(a) 0308 0.562 0.844 1233 1.629 2016 2362 2568 2987 3.256

(b) 0308 0424 0572 0757 1.001 1524 1819 2164 2358 2522

351 =G
== (b)
3 -
28]
2
<
E
- 15 4
=
o
l -
0.5 1
D T T T T T T T I I 1
1 2 3 4 3 & 7 8 % 10

Time(days)

Fig. 22 Onptical density according to day
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Table 10 Dry weight(g/L) in two types of photobioreactor

1 2 3 4 5 6 7 8 9 10

(a) 0306 0.552 0816 1.187 1564 1932 2262 2458 2857 3.113

(b) 0306 0416 0557 0.733 0965 1464 1.745 2073 2284 2414
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Fig. 23 Growth curve of Chlorella
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Table 11. Size and S/V ratio of photobioreactors

Reactor Size S/V ratio
5L reactor - -
25L reactor - -
50L reactor - -
Fig. 25, 26 & Alzto] Ao w& 7+ FABERES- 719 Chlorellad] v% W3tE
HofFa gltk. Table 13 & Fig. 27 & §# %5 vehda glth
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1 day

4 day

Fig. 25 Concentration of Chlorella at 1-4 days of each photobioreactor
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6 day

8 day

10 day

Fig. 26 Concentration of Chlorella at 6-10 days of each photobioreactor
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Table 12 Optical Density(680nm) of various sizes

1 2 3 4 5 6 7 8 9 10

5L 0203 0482 0925 1313 1.751 2312 2778 3.257 3.454 3.784
25L 0203 0375 0.662 0964 1411 1974 2361 2.829 3.203 3.422
50L 0203 0322 0.604 0891 1.482 1957 2298 2712 2998 3.294

Optical density
= = 12 L
n =+ n ] (] L n e
1 1 1 1 1 1 1 ]

=]

Time(days)

Fig. 27 Onptical density according to day
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Table 13 Dry weight(g/L) of various sizes

1 2 3 4 5 6 7 8 9 10

5L 0.206 0471 0.893 1263 1.680 2214 2658 3.114 3.302 3.616
25L 0206 0369 0.643 0931 1356 1.892 2261 2707 3.063 3.272
50L 0206 0319 0588 0861 1424 1876 2201 2595 2.868 3.151

Dry weight{g/L)
- = [l
o = o [ o

=

Time(days)

Fig. 28 Growth curve of Chlorella

_39_



Table 14 ¢+ Flg. 28 o vepdntel o] FAZWE7]18] & o] A &5 mE
4 S8 BT ST W Chiorella® 557} FobA]
Ao} FAENE 7Y FAVY FAEFE Chlorella® 737°] T 7
AT Fig. 29 3} Table 1594 HEnpel o] 1 2fol7) wju|dle] 03]y &

FAEHE7IA e Hlol vl QRS ¥ e Ao o dEth

251 S0L

Fig. 29 Microscope view of Chlorella(x400)
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Table 14. Biomass production per unit volume

Reactor Production(g/L/day)
5L 0.362
25L 0.327
50L 0.315
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