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ABSTRACT

A study on the Combined system of the Photobioreactor

and the Ultrasonic separation device using on-off control

Kim, Jae Hyeok
Advisor : Prof. Jeong, Sang-Hwa, Ph.D.
Department of Mechanical Engineering,

Graduate School of Chosun University

Recently, technologies that produce biofuels from microalgae are being
studied worldwide. Alternative energy development is studied in order to
solve energy shortage phenomena. Microalgae as future energy and resource
were received worldwide attention. New renewable energy that made of
microalgae makes carbon dioxide reduction effect and biofuel production
possible. Especially, production of biodiesel based on microalgae biomass is
one of the cost-effective approaches, because microalgae can be cultivated with
water and carbon dioxide. To commercialize microalgae biofuel, the cost of
microalgae product processing must be reduced. Mass culture and economical
harvesting of microalgae are methods that can reduce the process cost.

In this study, the separation method was propsed by using ultrasonic waves
for effective harvesting of microalgae. Experiments were conducted by
considering four variables by ultrasonic separation process using the Taguchi
method. These variables were applied to the continuous culture process and
combined system to perform the experiments.

Growth curve was approximated for Gompertz model, Logistic model, and
baranyi model from microbial growth prediction model in continuous culture.

Based on the culture conditions of the estimated specific growth rate, the

_\/l_
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turbidity of the microalgae in the flat panel photobioreactor (PBR) was
measured. Furthermore, an on-off control scheme was applied to the flat
panel PBR in order to culture the microalgae continuously on the basis of
turbidity. The parameters of the on-off control system were displayed by
LabView.

To reduce the cost used in the process, an on-off control was
implemented using the continuous culture and ultrasonic separation device to
compose one combined system. Experiments were conducted on the combined
system to increase production efficiency while simultaneously harvesting and
performing mass culture of microalgae. We considered that as a result of
these experiments, the production efficiency of biodiesel can be increased by
reducing the labor power and consumption expenses that are incurred during

the production process.
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2020

Present

Reserve

year

Unlimited

54

112

64

'

Unlimited

Unlimited

Greenhouse

gas emissions

Low
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High

Middle
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Low

Material

industrial

production
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Imposible

Imposible

Table 1-1 Comparison of major energy specific resource

Division

Microalgae

Oil

Coal

Nutral gas

New clear power

Light of the sun

Wind power
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(c) Particles forming clumps in the nodal point

Fig. 2-2 Progression of suspended particle aggregation in ultrasonic wave
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Fig. 2-3 Mimetic diagram of particle aggregation by standing wave

Fig. 2-4 Forces acting on the particle
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Fig. 2-5 Schematic diagram of perfusion cell culture using the ultrasonic

pumped into the ultrasonic resonator just below

wave
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Harvestl

Fig. 2-6 Schematic diagram of microalgae separation using the ultrasonic

[20]
wave
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Fig. 2-7 Schematic diagram of ultrasonic separation system

Fig. 2-8 Experiment device of ultrasonic separation system
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A 4d 253 BE 34 43

o %] W (Taguchi method)= F42 HZH3 MEdE =
At ojaf dE HumdEE o]&% AIAGHEY A
.]

71 AEE AtR 7P AR ela ARl =2 A
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[e) [e) Z. O 7]
e 259 22 38Y HE=E

©, Table 2-1 YER ST

rc =

%79 Jeutel, Yo

o
ek MEEe WAL 35E0E Aoy

A A el A
¢ FE AR =3
A % Bl

Table 2-1 Level of parameter in the separation process

Microalgae Pump
parameter ) Power
Concentration n out
Unit ODgy w ml/min ml/min
Low
1.710 3 6.03 3.65
Level(1)
Medium
4.832 5 7.56 4.57
Level(2)
High
7.390 7 9.09 5.49
Level(3)
— 1 6 —
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Ly(3Y)e] Aumdxs MAAE 97149 AAA g} ARE Table 2-20] HERHA
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o -100] GERR AT v 2R T2 #4832, AT =
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1
u\:L rlr

K
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o
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o

N

A FEFHFY 51 7F 040 ~ 048mi/min € W 7P L &
< BT A7IA, FAFES FETEFY +EFRE 243 A RPMate] SVt
F FERFY P7E fFARITE rAzRe] Y E8dde &
3 %27 W&ol Table 2-33 Fig. 2-119 1]l 2
E YA 253 28 AFAHA M F2 282 B PAHERY F
=

ZrS on-off Ao]= o] &3 ALk 2 &3te] A& s}

&
N

Table 2-2 Experimental result uging orthogonal array

No. Conf:en Power P?mp Pump Efficiency
tration in out (%)
1 1 1 1 1 75.27
2 1 2 2 2 75.81
3 1 3 3 3 74.15
4 2 1 2 3 71.78
5 2 2 3 1 86.71
6 2 3 1 2 72.95
7 3 1 3 2 62.85
8 3 2 1 3 A7.47
9 3 3 2 1 86.89
— 47 -
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(b)

©

Fig. 2.9 Movement of microalgae in the resonator of ultrasonic separation device
(a) Particles are initially distributed in resonator
(b) Particles move to concentrate in the nodal point

(c) Progression of suspended particle aggregation in ultrasonic wave
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Fig. 2-10 Experiment results for independent variables
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Table 2-3 Level of parameter for Experiment of flow ratio

Concent Pump o
Parameter ] Fl Efficiency
ration v v ow
n out
ratio
Unit ODysy | ml/min| rpm | ml/min| rpm | ml/min 2%
474 449 15 2.74 15 0.6102 79.99
Level(1) 474 9.09 3 5.49 3 0.6039 80.10
474 1369 | 45 8.24 45 0.6019 31.64
474 6.03 2 2.74 15 0.4539 91.62
Level(2) 474 12.16 4 5.49 3 0.4515 91.49
474 18.29 6 8.24 45 0.4506 86.91
—_ 21 —_
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Fig. 2-11 Experiment results for flow ratio
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Al 3% vHEF Hl Y

A 14 & G
1. &5 % 9=

B @l AeE mRe mHUslm A% m aT™omyEe B ve
chlorella sp. & T2 ARESIATE vkl AREE YA TAP medias AHE-3HSCH,
HIA] 244 Table 313 2t} wliA= I Ev7](Auto clave)S ©]-8-3ked 121°CollA 20%&

Fob FEstel Wz F gtk

Table 3-1 Composition of TAP medium for chlorella sp.

Components Amount(g/L)
50X FBS
NH4Cl 40
CaCl2-2H20 5
MgSO04-7TH20 10
400X KPO4 mix
1M KZHPO4 43.2
1M KH2PO4 22.32
200X tris mineral
EDTA-2H20 10
FeS0O4-7TH20 1
7ZnS04-TH20 44
H3BO3 2.28
MnCl2-4H20 1.02
CuCl2-2H20 0.22
NazZMOO4-2H20 0.52
CoCl2-6H20 0.32
glacial accet(acid) 20ml
Tris 24.2
—_ 23 —_

Collection @ chosun



2. 3] &2 WY
sjpajoke] Z1BA BAe 2Rz A} RS Aakshe Bas
A m K AAE AHSRE o] Ya ek ARt Qe djege] Alxtew
Wbl wieh Fle A gtaEE, AE AR Fe 715, AE o]} wjeyele
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WA o AHE F)FOR Sl o ol 45 el £ FAsKA Ada
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[¢3

Stationary

phase
Log, or Death, or
exponential logarithmic
growth, decline, phase
phase

Log of numbers of bacteria

0 5 10

Time (hr.)

Fig. 3-1 Final cell concentration and the initial concentration of the medium in

batch culture process relationships
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Fig. 3-2 Growth curve of chlorella sp.

_26_

Collection @ chosun



3.0 5

m  Experiment

A Maskingdata
—— Cubic polynominal fit

ra
o
|

y=0.0067x2-0.053x2+0.3009x+0.154
R2=09415

na
o
|

Dry Cell Weight(g/L)
| |

<
w
|

0.0

y T J T ; T y |
0 2 4 5] 8

OD,,,(Absorbance)

Fig. 3-3 Dry cell weight conversion according to optical density
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4, 3|7 =9

H| G- Z(unstructured)  H]E" (unsegregated) &S ALE3le  HARAES
(specific growth rate, SGR)E dZ3tAth HIZAEEE dS35t7] #18 Table
323} Zo| Logistic, Gompertz, Baranyi 2@-& AM&3le] A4 2d& ZAMS &)
At gitH o2 § A (sigmoidal shape)d FH2 784 w&HvE (a,b,c)
5 EFstar 7] wEol B3 o E ztes dHHE(A, .. N2 TBE
of JERIRATH ™, 4714 A Ao AA, p,,., = AFEE T3 A= AA
AZrE YERA Aotk #Fe w3T Y =7t 70%°13%] LED =33S o] 83t
e A71E 100uE/m*/s 2 2409 B F71A WFeAt?. 88 on, 72
maubg Aoz AATNS 2ALEEle] Fig 3-49 Fig. 350 UEQT, 20
O]Eii—rﬁ TAF o2 T3 mEbg A ofs] =&3 A& sevy e

< Table 3-3°] YERIT. 249 HtdS Uelll= AAA S (R-square)
©] Baranyi =@ oA 094239} 097152 7} =7] W&ol chlorella sp. & 2%
o ZFstr]o 71 Age RAE Adst Ao

HJ

o Y

Table. 3-2 Unstructured and unsegregated sigmoidal regression model for

biological growth curve

Model Equation Modified equation
ode
(mathematical parameter) (Biological parameter)
A
Logistic y= +) y= (4u - Ot) )
—cx AT (\—¢) +2
1+e 14e A4
G [ (b (r)] (" “(x t)+1)
ompertz Yy =ae y= A6 e
6:umaxA(t) _ 1
yZ,umaXA(t)—ln(l—f—iA )
e
Baranyi
ln Mgt 1_ 7iumaxA . 7iumaxA
A) = ¢ fnle T ze ) e T
ILLHlaX
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Table 3-3 Growth parameters of Chlorellasp. on the basis of model equation

Measurement Model A SGR lag time Adj.
data (maximal value) | ( ,umax,dayfl) (\,day) | R-square

Logistic 4.047 0.406 1.3 0.9183

OD Gompertz 4.059 0.485 0.62 0.9403

Baranyi 4.099 0.444 1.35 0.9423

Logistic 6.227 1.497 1.022 0.9474

Turbidity Gompertz 6.243 1.791 0.723 0.9592

Baranyi 6.255 0.981 2.842 0.9715
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models for turbidity
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Fig. 3-6 Schematic diagram of continuous culture
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Fig. 3-7 Block diagram of turbidostat control system
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Fig. 3-8 Schematic diagram of continuous culture system
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Fig. 3-9 Experimental device of continuous culture system
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Fig. 3-10 Flow chart of on-off control program
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Fig. 3-11 On-off control program for continuous culture
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Fig. 4-1 Schematic diagram of combined system

Fig. 4-2 Experiment device of combined system
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Table 4-1 Experiment result value of combined system

Pump(ml/min) Effici
No. ODys Power 1(:,)1€ncy
in out (%)
1 3.12 7 6.03 2.74 77.59
2 3.338 7 6.03 2.74 82.99
3 3.458 7 6.03 2.74 83.29
84 -
83 - "
82
;\'o\ ]
81
[&]
5]
‘S 80 -
&
L
794
78 4
77 T T T T 1
3.1 32 3.3 34 3.5
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Cell concentration (OD680)

Fig. 4-4 Experiment result of combined system
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