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In this study, algae cultivation using the photobioreactor has been applled to remove the nifrogen and phospharus
compounds in the wastewater of the livestock industry. The optimal ratio of nitrate and ortho-phasphate  concentration was
found for the enhancement of removal efficiency. To achieve the high density culture of algae, the photobioreactor consisted
of optical fibers was developed to get the sufiicient light intensity. The light could be illuminated unifarmly from light source
to the entire reactor by the opfical fibers. The structured kinstic model was proposed to describe the growth rate,
consumption rate of nitrates and ortho-phosphates in algae culture. The self-arganizing fuzzy logic controller incorporated with
genetic algorithm was constructed to contral the semi-continuous wastewater treatment system. The proposed fuzzy fogic
controller was applied to maintain the nitrate concentration at the given set-point with the control of wastewater feeding rate.
The experimental results showed that the self-organizing fuzzy logic controller could keep the nitrate concentration and
enhance algae growth,
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Table 1. The composihon of MBM and MAN medium for
Chlorella sp. HA-L culture

Element MBM M4N
KNG, 200 5000
MgSO7H-O 75 2500
KnSOH.C 25 2175
£nS50,7HO 0222 0.222
Cubos5H:0 0079 007
CaCl2H-O 10
FeS0.7H0 2 3
HiBOs 2.86 2.86
MNaxMoOy2H.O 0.247 0.0247
Nalll 25
KaHPQ, 75.
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Figure 1. Schematc diagram of fiber-ophe photobioreactor
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Table 2. List of parameters for the kanetic model of Chiorefla
sp. HA-L

Parameter Dimension| Value
sty | Maximum specific growth wate w nitrae day™ 02148
fme | Maximum specific porwth te m phosphate day 01714
Kn Monod constani n nilrate g/t 01015
Kp Monod constant i phosphale gL 0.0917
Yogee | Yeeld ceellicent m niate glg 24812
Yysp | Yield coefficient m phosphate glg 0.5871
kq Death 1aie day" 0.05
tL Lag time day 1
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Ast zEde Al gaad Baa gaxe v
4 o)Ag 0] 49D WARFE A eFez
A BAGE B AT AEE 9T Heea 259 4

T (fitness) 2 L HET 1 AL v2a) Z@o

rlr

Fitness—

K (6)

121 |J':z.‘_ }’_.| + le lj}mr‘_ y"?.

A= A Fol BE LAAT FA SAT-A repr-
oducton), MHl{crossover), Wo](mutation)-& F&l AMZ =
geol Aze SAAES URch AIAE I A
49l GaAd A8 eluldin AARe HPwe] bl
ool 5 Aads) 2=Yge RPM 22y uist

gelle AEA 44d 2
taelle & 2Ede] 48 viEa 2B 2ele] $4)

s 2 |

S o ok

-

r;_g

O,
H
)
s

o

fu

In
i
;f;
e
°
rr

I

92

N R
=3

i e |
o}:ﬁ,_-éﬁllo

tf“
—
re
o W
{c»
) Hﬂ
_';'_4
N
i
rir
rﬁ
r
O
o
=
rir
o
L
s
2,
(S
%
L

- A9Hd 4 A AL AsAe 3
A s

=
o aﬂafse gE49 83 fauas §
4
g

ol
rij“:;-\_»'
3 o

Al

i

RSO ERE I
| fREAY Be 4B atﬁﬂa}

3
A% 7 g0 HFET,

o rlo b e

o

o

Zn % =9

_$_|x{ Ilﬂm HID
Figure 3 & ZF4YE 99 A3 da/2 ¥ )
433 sistel HﬂZlLH Az/e Hgg o
o] g AAke] Zre]

= =
g3l *ﬂ 2 FgE dd/e HlEo

wol Hlu

1519 2274 Adlgks ‘-lb] l,\iﬂ} 22/q18] HiEo] 307
ole] Ase A dEAE dgleld 2AE FAe
74‘-% ‘ﬁﬁ /’4‘.01 Bl

WA Fhske & A A4
EP RN,
2o weA AT A7 A7) e



5

Dry Cell Weight (/L)

1 5 10 15 20 30 40
Nitrate / o-Phosphate Ratio

Figure 3. Experimental results for ophimal N/P rato determin-
ation in Chiorells sp HA-1 culture

2= W] ofFe] d £ EF Ad/q FEAE
1512 A MAE v-87] 2ol HEskdn-

M2 Y AMT 4EEET A

Figure 49] ] b kel glgl BAEGkE7|e) d
F ASHE7E ol&Etd Chiorelln sp. HA-12] 3|E4 #)
o dgeA] A Az w2 AE HE £ dh 2
2 WEE LJrE]r‘—H%‘Q‘- QgL ofet HehjddH s
E5t Chlorells sp. HA-1] A 2 A49) ole] LAwakd
Hngt 29, FHRE o8¢ AEW-SUe JddAds o
u AEvke ] Addate wE], Ax AFEFake] 1hE7)E
fant, 2rHTH] Aolg B o, FAE AE AEE
Lile Heg B ¢ ogdm, oY AFm Z7)9 ortho-
phosphate =2 0|2 A9EIE FA 22542 1Y
= & 4 gk ShAlg dag] 2R E 27 Az =%
Sol® BTEn 19% PH AHEES Be, A AES
Aol Fdlda B o4 vk o)y BHF AEErlA
Agd HERE BEk HErURY Ee)n TUE F
AP} ol 4 glen, B8 Haz d= wAEe )
ez FERE 188 AENEIY S8 7158 A

2 H4% 2 A

ad

YEHISIIZ 0|85 SR SMES Xl
off Chiorella sp. HA-12) &|2&] &2bka]43 g
5 Bl qFE Az F8F g 2iks) ole] W 2 dsm
A ek Axd Hk 43e WF F 1949
velgten], @4 qle] Az EEL Tz 89% 9
vehledch Chiorella sp. HA-12] 824 wjoks 5
Haly 48895 EfE 7AAe Rde A
AA W) A AE A R 7lde] aF

Adsa dee @ 4 o

ru%i rr

717 WA Hol|5 oS i S
Chiorells sp. HA-19] WiskE-d) s AZ4731 gokads
equas] AelE §7NZ 4 gl deedd Nsae

=Tl

RA457] S5t f7E A Aol A ol AR = G

..|jl.

Korean J. Biotechnol. Bioeng.. Vol 15, No, 1

aan T
.
* Lxtcrnal light radistion !
& Fiber-optic phutohinreacior i
25 | - r- N
o =
o
U R
- o O g
é 20 o
o o
= ;o
d .
.%‘q o
E L sy ™
J1 o
= L4 e
o @ .
‘s
0.5 - oem R
O
(. 9
(a} 1
ho T T T 1 T T i
1} 2 q [ d ia i2 14
Crultivation Time (days)
23 0.
- N + & Exterual light rediaiive
L . 3 % © Fibor-uphic phokalnoreactng
kol
e
.z - [ 04 o
= B 5
E! v 5
& » o Xz
S " -
2 . " f b =
= 13 o, I a
& ® ]
2 - =
2 [ . =
= b o O %H—b %, b4
3 14 - . N e - 02 O
; " . . . E
= +—- . * kY Q;‘_E]
Z AR T . . =
0.5 f e e ) =
. - N g
& e L
k) " B S
[h) o |l U
TR-es R_ %
na T T T T T 7 $ [X]
[} 2 4 G [ 10 12 14

Cultivalion Time (days)

Figure 4. Expeumental results of Chlorelln sp. HA-1 balch
culture 1w convenional pholoboreactor and Nber-optic photob-

oreactor (@) dry cell weight (b}

concentiation

7 Qe Aa B Adjde M] E
A A5HY e

i W FHd5e Aeld az L;.*T;;
Ml Bz WRAFD 0

5% 29z Psdo

2& olgatd Pgmabd 4 Aud A
E o AlEZsE &4 da AR "ot
P vekdok #Hdl, Ha, 4

Aste FrhEs 2otk %JEH Ao

7

?H AdA e

i

7

HA-19] A7) 74 9= Ael7|5 ol &d &

.
£5 f¢E

o 2] ﬁbﬂ%
7 Aol wEem st Tigure 74
o A84 74 7353 A%

133

(21). Figure 6& A¢E F=F

=
4E=E

Ae AT A A

] 2]l
120g/1(1998% 129 317}

/g—LI;; =T —9—/{]7

i L“
=
paics

= 27H# Aol 5

24 2ze

9
CREI=N

#HAEg A

R
Thgure 8o 7] HEE 04015g/LE 3+ Cllorella sp

7R ek

T T R A\ S

nitrate and orthe-phosphate

@

ﬂl'

il

o

)
M AEA] mE AE AR FH 2 A 99 m:q]oﬂ
I

0P AR g
T 30k
AcliEg e

fl

ERET B

. BE

837 A9 fASEH 2
AHNAE BAF

H¥ Az Jehgdch @4na) 43 7
= Harn

o
i
-

i



Choi, T-W., Livestock Wastewater Treatment using Fiber-Optic Photobioreacto 19

24

Dry Cell Weight (@A)

| 1 T ¥ [ T
0 2 4 G B 10 n

Cultivation Time (days)

- 015

& NITHATE
* ORTHO-PHOSPHATE

= o1

05— - 045

Nitrate Concentration (g/1.)
(/&) ~auny) szeqdsoqd-o3aQ

(A1)

00

T T T T I T
0] 2 g 6 & 10 12

Cultivation Time {days)
Figure 5. Experimenial and simulation results of Chioigllz sp.
HA-1 batch cultwie for livestock wastewater treatment m fiber-
optic photobioreactor (a} dry cell weight (b) wtrate and oitho-
phosphale concentration

A ' 4
-e—MAXIMUM '
-2—AVERAGE
~o-MINTMUM
0.8 . X
=
= 06—
=
&
L]
&
:;-_,: 0.4 -
oy
.2
1.0 - T"u ECECEEE EEEE ‘I’F
10 Z0 Jo 49

Nurnbey of Generations

Figure 6. Fitness values of individual generation of sel(-orgam-
1zing fuzzy logic controller

Ago 2] A7t
2 lUr Hl i+ AzEFEE IE
2 ‘é“i Aol 1.9514g/Lo] =3 ©.

] A4 FErE AAA)

R}
e
o
of
ki
i
-
A

Error of Nifrate Concentraion

NB KM NE 20 PE PM PB

-E0Z3 L4 poew 0 BT peRn ER ]

Change 11 Error of Nitrate Concentration

NE NM NS 70 s M PR

-s.u;au MK AT ] womy o aus 3% 7]
Nuitrate Feeding Rate for Error aof Nitrate Concentration

NA NM NS§ 0 i I'™M 1]

onl W5 -0,MIZ3 B 6028 L] o0l

I NB | NM|] NS 20| P8 PM PB

NS I PM | NB PB | NM | 20 s PR

720 | NB NS PBE | PM | PM | 20 | NB

Ps PS MB § 20| PM | 7B NS Ps

M FM | NS Z0 | PS NS | PM

PB | PS s ZO | PS | PM | PM | PM

Figure 7, Puzry rules and Membership functons of scl-orga-
nzing [uzzy logic controller

=% A8 glo] AAE N W B AT B
223 449 9 & AARE B2 A &5 e
g A A2 dxBge 14 idsed 3

& =R W“ 7 V‘ HH%}OI ﬂ‘ﬂ 2] “H" ELE} F
e AL AT o 2 A4 AR A4S R d5EY
AE et #ME 4 slee ¢ F Atk
O OF
of
B dre 2% ez e 53 2 sERy
2, e dUaRE adFes AAsd #429E
HEATE AL FHLE ik ofF flEe] 2FYFEY %
74 5



2.8

1.0

Dry Cell Weight {g/L)

0.0

(a)
[ T T

[} 5 0 15 20
Cullivation Time (days)

Figure 8, Simulation and Experimental results of hvestock wast-
ewater {reatment m lhe semi-contmuous culture of Chlosella sp.
HA-1 {a) dry cell weight (b) milrale and ortho-phosphale conce-
ntrahon

4 APE 539 AY 2a/9 FEAE 24sg 2
EEORR WYL A8 JEd RUE TFE A5 Bah
2 olgd BAEVIAE TA HEAAk Ay A
$F o8 BABVEIE BULEH wer] AAE &
B FATS YR AE BASD. 25 99
59 gt A, Dl A7E 2R A4 P2
G 2Qe ARG FALLAEE o8 AP
7] Ae))S TSRS wrAs AR EHe AoE 2
Aoy FAHE A Aofle A5d RuY 2TE T
o Axd g o7 EYAT AAGEE LA
% Fael 98] AT HA Aeise Qe dee B
5 HARE FE 259 492 2442 2 5 9
.
At 2

2 g7 A okt A8 ANeR +YsHUCH ol
=g,

AHE T S

k rate constanl (day™)

i time (day)

y substrate concentration (g/L)
K Monod constant {g/L)

5 substrate concentration (g/L)
X biomass concentration {g/L)
Y yield coefficient {g/g)

Greek symbols

£ specific growth rate (dayq)
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Subscripts

d dry cell weight

N nitrate

P ortho-phosphate

L lag phase

i MaXImnum

sel selpoint

X/Sn biomass from nitrate

X5 bioinass from ortho-phasphate
#oa e s

1. Moo-Young, M. and D. Chahal (1981), Pollution Co-

2

10.

11.

12.

13.

. Oswald, W, (1965),

ntrol of Swine Manure and Straw by Conversion to
Chaetomium Celluitycum, Biofechnol. Bloeng, 23, 2407-
2475.

Harvesting and Proceeding Sewage
Grown Planktonic Algac, ] Waler Poll Control. Fed.,
37, 471-480,

. Shelef. G. And C. ]. Sceder (1980), Algae Biomass

Production and Use, p852-871, Elsevier Press, New
Yark.

. Redalje, D. J (1989, Biolrealment of Apgricultural

Wastewater, p91-110, CRC Press, New York.

. Laws, E. A, K L Terry, ]. Wickman, and M. S,

Charup (1983}, A Simple Algal Production System
Design Utilizing Flashing Light Effect, Biciechnol. Bioeig.,
25, 2319-2325,

. Hashumete, 5 and K. Furukawa (1989), Nulrienl

Removal from Secondary Effluent by Filamenious Algae,
I. Fermt. Bioeng., 67, 62-69.

. WPCF and ASCE (1977), Wastewater Treatment Plant

Design, WPCF Manual of Practice No. 8 and ASCE
Manual of Engineering Practice No. 36, Lancaster
Press Inc., New York.

. Glynn Henry, [ and G. W. Heinke (1989), Environ-

mental Science and Engineering, p409-469, Prentice
Hall, New York.

. Lavole, A, and de la J. Noue (1985), Hyperconcentr-

ated Culturcs of Sceredesmuzs obliguns, Walker Res., 19,
14371442,

Becker, E. W. (1994), Microalgae: Biotechnology &
Microbiology, p39-41, Cambridge University Press,
Cambridge.

Matsunaga, T., H. Takeyvama, H. Sudo, N. Oyama, 5.
Ariura, H Takano, M. Hirano, J. G. Burgess, K. Sode,
and N. Nakamura (1991), Glutamate Production from
CO: by Manne Cytobacterium Synechorocous sp. using
Novel Biosolar Reactor Emploving Light Diffusing
Optical Fibers, Appl. Blochei. Biotechnol, 28/29, 157-167.
Chei, ]. W, 5. M. Oh, H. G. Choi, S. B. Leg, K. S.
Lee, and W. H. Lee (1998), Fuzzy Control of Ethanol
Concenfrafion for Bmulsion Production i a Fed-Batch
Cultivation of Acimetobacter Crlcoaceticus RAG-1, Korean
1. of Chein. Eng. 15, 310-316.

Choi, J. W, J. K Park, K S Lee, and W. H. Lee
(1994), Application of Genetic Algorithm to Fuzzy
Rule Generaton in Fed-Batch Culture of Thalictrim
rugnsui Flant Cell, Proc. the Asian Control Confer-



Choi, I-W,, Livestock Waslewaler Treatment using Fiber-Optic Photobioreacto 21

14.

15.

1é.

17.

ence, ppa03-308.

Watanabe, Y., N. Ohmura, and H. Saiki (1992), Isola-
lion and Determinalion of Cultural Characteristics of
Microalgae whicfurdions under CO2 enriched atmos-
phere, Pergamon Press, U. K

APHA, AWWA, WEF (1998), Standard Methods (or
the Exammabon of Waler and Wastewater, 20th ed.,
p4/139-4/154, APHA, Washington D.C.

Metzler, C. M, G. L. Elfring, and A ]. McEwen (1974},
A Package of Computer Programs for Pharmacokinelic
Modeling, Biomeirics 30, 562-363.

Semteld, J. and L. Lapidus (1970}, Process Modeling,
Estimation and Identification, Prentice Hall, New Jersey.

18.

19,

20

Maron, M. J. (1962), Numerical Analysis: A Practical
Approach, p344-370, Macmillan Publishing, New York.
Zadeh, L. A. (1993), Outline of a New Approach lo
the Analysis of Complex Systems and Decision Pro-
cess, IEEE Tr. On Systeins, Man mid Cybernmiics, SMC-3,
pp28-44.

Goldberg, D. E. (1989), Genetic Algerithms in Search,
Optimization and Machine Learning, p28-53, Addision-
Wesley Publishing Co. Ltd. New York,

The ministry of environment {1991), Act Relating to
Treatment of Sewage, Night soil and Livestock Was-
tewater, Presidential Decree, Annex 1, Republic of
Korea,



