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Fundamental Research on Microalgae Cultivation
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Abstract

Microalgae grows faster than general plants, and the whole crop can be utilized for CO, fixation and the
production of valuable materials, such as healthy foods, feed, and fuel. However, low-cost and large-sale
cultivation technologies must be developed for commercialization. Methane fermentation technology has high
expectations with regard to its contribution to the sustainable society, and high prices have been set in the
feed-in tariff program. However, the disposal of digested fluid from methane fermentation is a problem, so
technologies utilizing the fluid are being investigated. In this study, the digested fluid was tested on a culture
of microalgae to see if it reduces the costs for cultivation. A laboratory-scale experiment was performed to
develop a method for adequate pre-processing of the digested fluid. The cultivation method was then tested in
a greenhouse. The results showed that the microalgae culture with the digested fluid medium was available as
well as that with a general medium.
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BREND, FERELSSTWEEEB XM L,
Fege 4t % Table 3127~ L, 552K % Photo 1127”7,
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Table 1 RdAbRFEIY OVER
Properties of Food Wastes

HH g | sty | O | RN
pH 43 6.0 3.2 3.9
EC (mS/m) 750 96 155 74
TS (%) 9.7 28.9 2.3 6.1
VTS/TS (%) 92.7 95.9 96.3 91.8
IR (%) 2.1 16.8 2.1 3.1
RREHR (%) 0.72 1.40 0.048 0.23
T-COD., (mg/L) | 160,000 | 390,000 | 58,000 | 79,000
S-COD.  (mgL) 23,000 | 22,000 | 57,000 | 44,000

1675 : BEA 77 EFREEHEDO BN, me, kel
BEA I T LFREEHEED S-COD,, 1, 10% ALY H H

Table 2 45 {H{LIEOVER
Properties of The Digested Fluids

i v | e | v |

Wi | wew | TEE | HER
pH 78 78 78 7.9
EC (mS/m) 1,374 970 1,179 1,863
TS (%) 22 1.1 22 43
VTS/TS (%) 59.2 52.8 60.1 69.8
T-COD,, (mgL) 22,000 7,600 20,000 43,000
SCOD,, (mgL) 7,500 2,900 6,000 7,800
T-N (mgL) 3,000 1,300 2,300 3,500
NH, N (mgL) 1,700 710 970 1,800
T-P (mg/L) 210 86 210 490
PO, P (mgl) 81 41 94 210
T-K (mg/L) 2,000 1,300 1,900 3,000
TOC (mgL) 1,700 730 1,900 2,400

Table 3 REE4M:
Culture Conditions

Table 212779
AR |
T | i
H e | VL2,
; _ AR 1/5, 1/10
i o T N
L = Al 7L
- .. CORE | 10%FRHE
. - p 2
b L . 100 pmol/m°/s
i LR e i L jlﬁgﬁ};f 24hfﬁ
Photo 1 JEF&IRIL TR 30°C
Growth of Microalgae rrer | 2A f
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Relationship of Chlorella Growth and Ammonia Concentration
Table 4 45 HLHE DR
Properties of The Digestive Fluids

/1% /1% /7 /7 &
Wb S bik| ik | A ki
pH 7.6 7.7 7.9 7.9
EC  (mS/m) 1300 1100 290 280
TS (%) 4.2 2.8 0.50 0.39
VTS/TS (%) 70 59 66 60
BOD  (gl) 1.7 1.2 0.28 0.21
TOC  (g/lL) 8.1 6.2 0.93 0.87
T-N (g/L) 2.9 2.5 0.40 0.37
D:T-N__ (g/L) 22 2.0 0.37 0.33
NHs-N  (g/L) 1.9 1.7 0.25 0.24
TP (gl 0.41 0.31 0.058 0.049
PO4-P (g/L) 0.24 0.16 0.043 0.039
Table 5 # > R— 7 B5K:H Table 6 F3a84clt
Gamborg B5 Medium Culture Conditions
KNO; 50 mg fEREEH | HPERTEILIR
(NHL)-504 208meg s, 106
NaH,PO, - H,0 3mg AR
/7, 1/10
KI 0.015 mg
FeSO4- 7TH,0 0556mg  yimpm O
Na,EDTA 0.746 mg QAR+ Hih
ZnSO,- TH,0 0.04 m 0.1mm H ® & 812
N sk :
MgS0O4- TH,O 5mg L5 A1
MnS0,- H,0 02mg  comp | 10%FE
Na,MoO, - 2H,0 0.005 mg >
o 80~100 pmol/m/s
CuS0; - 5H,0 0.0005mg i
CoCl, - 6H,0 0.0005 mg 24h8
CaCl, - 2H,0 3mg _BE 30C
H;BO; 0.06 mg il 2HM
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Comparison of The Growth of Microalgae
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Ex bbb, BER2AZOBEHEINEORKR % Fig. 4127
Fo 127 R3O AR CIE, EFRENKE
<, VUBERMLUCOHORETERAbNRNoT,
U UBETRING L BRI EORRE RS L, VLT
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Table 7 REEE4At:
Culture Conditions
ol I 15 i B R IE IR
TR EE 12, 1/3, 1/5, 1/7
0.1lmm H 48
A J5iE .
: IZ& 5 A1
RINEHA KH,PO,
Youshn | 0mg/L, 25mg/L, 50 mg/L,
= 100 mg/L, 200 mg/L
CORE 10%F5 g
SR 180~200 pmol/m*s, 24hif
BE 30°C
B B R 2 B[]
250
3 GE)
£ 200 %) 1=
(=
5 Omg/L
g 150 &
"~ m25mg/L
% 100 50meg/L
= 50 B 100mg/L
% W 200mg/L
=,
I2FR 1BFR 1/5SHFR 1/7HFR
Fig. 3 VHILIKT OV UEERED VB (BEamD)
Phosphate Concentration
20
[ALE] JoFkmes
£ Omg/L
315 m25mg/L
g 50mg/L
~ = 100mg/L
10 =200mg/L
_
L
¥
# 5 |
S
127 1/3% R 1/5% R 1/17%R

Fig. 4 Pefksgine
The Growth of Microalgae
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Culture Apparatus of Microalgae
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VI ERKEOR SIS, BB O KL 7
By o3Be L,

ARERAE A Fig. 7137, 1/100384Li% & 1/200781bikE %
D &, 120012 F R L 72 IR D 5 S 2ARIIIC % <
B Uiz, £, KEBEWESZ BN LE, 1/100
LR HE VAT Lo BH E LT, BEMICX
D, ROBIFEENHTONZILICLDEEZLND,
Fig. 812V VEEREY LV RIE (PO,-P) ORRIFE L ZERT,
AR I < HIN U 72 AR IR 1/200-K B85 cm & THARIK
1/200-7K 10 emD S5 1T HE32 A H TPO,-PIRE 30.1
mg/LUA FIZHA LT, ZHIC XY, AR OSA,
1/1003441378 & 17200381618 T, 1/200941LIE D J5 23 ik
BMEIFZ VA, FREERE LBE/-ZLicky,
382 H H CHR ESRBH A E D Z L3 b o T,

WHEEA LT T T A NE—D K ) IREMECEE L
A, V1AEER CRIFICART 52 L #3281 T

WLTWD, ZOZ b, BEEBERREE, HER

D XD A COFERDOYE, WIRREE L HIRN DX
WEDRILSFATE D Z E3brolz,
4.2.3 MHRGRELEBNEORGE  EHREEEE
1%, Z OFHED bR~ A S IS8T 5 &
NTELREDH RN DD, D78, HESTZD DY)
WK EE L CX, AERLR LETE SRR D D,
LL, SiREOBREEZELEETLITTELEL
MBI D EBEZBIND, ENBEEOES, 20340k
ITEFRALTRY, BESOa 2 NE» S b ECREILR
< C200 pmol/m*/sTEETH 5, ZAUTH L, KEFIEITHR
WHhERD ZERFRETH D, RBEKIRD EFO—E
WZHRVES M7= 5 Z & & ET ¢, IRENO R &R
— N CTESZHATH B HS500 umol/mY/s % il x5 i
ERDIENTED, 20D, BIMNEEREE 2 255,
BARBEREZ VR I XA @I & B2 bbb, £2C, 9
AR LR A RIERINIC D X 5 ICHET L%
BT 220, UTORBREEK L7,
4.2.4 HEBHIERUHER  HERSEMFIITable 9I27R7,
LR IT B EE R LIR D17 A\ &M L=, Ny bk
BRI 2 W L 72 RIS > R 2#liE, 2o kicze
THEBH LAY T T T 4N E—% R, Zh%ECO,
THEHELBHOBARNICANT, B S ERAN
THE L7-, JEIRE 0% 9 145 pmol/m*/s &, 500 pmol/m*/s
O2FEIEZ A, P R R & BB O RBR &R L7z,

Fig. OIS IR & & BINEINEOBR 2R T, HED

B2
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Fig. 6 [EIFAME L
Attached Culture System

Table 8 Bsaselt
Culture Conditions

s | SR
AP EE | 1/100, 1/200
AiFHEE | 0.1mmB &HEIC LD HitE
Bk QUSRS
WEGE | KRICES= T —L—ar
KR 5cm, 10 cm, 15 cm
iR 180~200 pmol/m*+/s, 24hH
IRE 30°C
AR | 28
- 8 —o—H1ki&1/100
§ 6 —&— jH1bi%1/200
g
ﬂﬂ 4 .\I\.
% 2 N
- N,
0 : . o .
0 5 10 15 20
7KiE(cm)

Fig. 7 RIARR RS R
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Growth of Microalgae

g
(=}

--¢--H{ti&1/100
JKiE15cm

=
@]

Tlezo__o --m--H1Li&1/100
~* ~~' 7K5§10cm

=
o

AN - =& = 3H1E1/100
JKiZR5cm

od
(O3]
!

1)U ERRE!) VB PO4-P (mg/L)

—— jH{ki&1/200
JKiE15cm
—¥— ;H{ti&1/200

0.0 : , KER10cm
0 . 5 —— Y fg;&l/zoo
e 7KiE5cm
Fig. 8 VU VEEHEY LRI
Phosphate Concentration
Table 9 Ki#EM:
Culture Conditions
R | SRR
HHRIE | 177
A | 0.lmmE &fEIZK DA
CONREE | 5%FREE
(D145umol/m%/s
SR @500pumol/m*/s
24hA 1
R 30°C
KA | 2HM
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Growth of Microalgae

145 umol/mz/SU)E?f, W AR 520 g/mzé.%_\?ﬁ'é—é L, ¥
BITHBEERTIS gmYday Th 7=, ZHITH L, 500
pmol/m*/sDIRVIETIE, R UBAT R T H MY 72 ) DY
ANESHE %, WRTE T34 g/m¥/day £ THIIN L 72, RiK
R ICR T H8INEIE, £< TH20 gm’/dayffE &b
NTWDDOT, R EWMEEWR 5, ZOFHE LT,
MR AT @B CH A BT 5 2 LN TE DT
W, KRBt R —2HHATEZEEZD, B
BROYES, KBEOBWEERZIIBLZENTED
D ZOEIEIIRGHA I S EEEEEE XD
ns,

4.3 BRAEREEEHR

AR A8 A & BN ERR, ANV T hEGET
XHMMEET D & A BMICERERE S L7z,
431 HBRBMERUHER U7 AEENTREEF
A & ARG A i L7, THILIRIT SR bR E
A Uiz, ZRIREIE, 328 CRFICAR LEZITAE
WAk & Uiz, AABRIZ2A L3AICEM L, 28 1T A THEH
(TR —7BSEEMI/BIE) DA, 3HIFATE M & Hb
TREEH D2 HE T I L7z, 3RBRUIRI & Photo 212773,
78 LT B RET DAY A XD O &M Lz, 5
EHRZ2AME L, Bl 2L oNEs & EE TR
7o BEEMIR R ORELEL & BT HEEORGELE
UTORd, 2ARBRTIE, BEEIRER6~35CTho
2o 3HBBRO B P OFARIRIRE1X8~35 CRETH -
7o, BRSBTS 520 B ORBENELS, KEmTh23C
BEChH-oT, 20, SARBITIEBICAFIZREMET
DORER L Te o7z, R HREEL, 2H O AP ORKMEH
500~700 umol/m?%/s, 37 3450 umol/m¥/safE T - 7=,
Table 10(ZIR SRR CORMEMNEZ R~ T, 2H R
DGRBS R E R T0.9~1.9 g/m?, 3HRERM6.7
/> THEMi L7z, AT HEHIC X DA, 20 Rk
DHMRE R TLA~1.T gm’, 3ARBRNS4 gm’ Th -T2,
F7z, SHRBRTIT o 7o HILIR C O8I, BIREInEN
73 gm’ Tholz, SENFAFEORHRBROT- 0, B R
M3 < KIEMEWEEY Th - 7228, BT AMEERE;
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AN
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