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Recent Trends of the Development of Photobioreactors to Cultivate Microalgae
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This paper describes current status and future prospects of the mass production of microalgae
biomass. Microalgae have attracted considerable attention since they not only effectively fix CO;
gas during their metabolic process but also have the great potential to be utilized for producing
valuable substances as a kind of efficient light-harvesting cell factories. In this review, we outline
various types of photobioreactors employed for mass production of biomass by culturing
microalgae in a well controlled way and give an overview about the present state of affairs, both
domestic and international, in the field of the microalgal culturing technolgies.
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Table 1 Classification of bioenergy (adapted from

reference 2)*

Classification 1% generation | 2™ generation | 3% generation

Crop-based Wood-based | Microalgae

. - 1~2
Harvest cycle | 1~2 Times/year| 1 Time/8 year Times/month
CO, fixation
ability(ton/ha) 5-10 46 36.7
X Complex .
Ma“‘:gii‘;’srmg Simple (Lignin S‘;?" ]f$°
P removal) g

Disadvantage | Food-related | Forest damage None
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Fig. 1 The comparison of techmical level about bio-energy
between the internal and external nation (adapted
from reference 8)°
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Table 2 Lipid content and productivities of different
microalgae species (adapted from references
9,10 and 11)°"!

Maximum lipid
ipi
) biomass P
Species productivity content | Product
(mg/L/day) | (%)
N hl ] Biodiesel,
annochloropsis 1,350 3168 1? iese
sp. Biomass
Biomass,
Chlorella sp. 1,180 28-32 Lo
Biodiesel
Botryococcus sp. 350 29-75 | Biodiesel
Biodiesel,
Isochrysis galbana 970 25-33 .
Biomass
Phaeodactyl, Biodiesel,
aeodactylum 830 20-30 1f) iese
tricornutum Biomass
Chlamydomonas
) - 90 21% H,
reinhardtii
Chl
orococci 150 13-28 | Carotenoid
littorale
Dunaliella salina 800 23-37 |Carotenoids
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Fig. 2 Schematic of the racéway style ponds (adapted
from reference 17)7
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Fig. 3 Modified type of tubular PBR with triangular
(adapted from reference 24)**

e, W We A3 B 43¢ 24
@45 mojo g EAAFUH] AuHez
ol FEA WAL AUl dge] xR

E

2 Folgiop tH, o] W #e Holv AFE
g b gle FRoIh?

Ha, uFoAe oleld B8 FAETEY
TZE Fig 3 I 2ol A7 (triangular type) EE
312 & (annular type) 2.2 &3t} Euhgr]o]
HAZ2 e B3 o Heste Alds B2a
Hal ek’

322 8 f%8 ZYsug7|

& 458 FAETE7)(vertical  columns
PBRs) & 2003 AEFE 2007 Q=74 ZFHo=
AT EY, SRR #HE AXSE= Ao HU
FE& HUE o] &37] oJF¥oE el UARL
el golvt A 4X Hplastic bag column) -2 7}
Zo|l APt AZ}e] HAEs B A7V I
Qgiq_"ﬂg%

F7N R F@irli)EGE st HEZE
(bubble column) FAEHES/HHE MEHIL glo
PR 7EA 2

o, dAHcz #F FHEWRLT
HEoz A A AdHe] AHFgo] oAtk



rol

b A =831 X 28 A 28 pp. 1254132

February 2011 / 128

re
Loy
ol :121
[m :(o tlo
"

& A JupPP HELddy FAy
Sk 9 A $d-e 1)
F X (draft tube)E FAEWNIIIY
A AY, FAESY] Ady AATE F
dHen pad U ARG B4R
(split type air-lift PBR)Sl thgt B4 A7 HE &
AL glow FAASFFH FAL Fig 49 =A
SYnrIR 2 F A §

2, oo ¢
)
M %

& o s
£
{#

“r o g rly
m9

_xko

\ |

i R
i
=i} I
=2
g
- R4
3L
H £
g }
Q;
o

ol

BUBBLE COLUMN DRAFT-TUBE AIRLEFT SPLIT-CYLINDER

Fig. 4 Schematic of the vertical columns type PBR
(adapted from reference 31)"'
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Fig. 5 Schematic of the flat-plate type PBR (adapted from
reference 35)*
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Fig. 6 Schematic of the Internally-illuminated type PBR
(adapted from reference 36)>

Table 3 Characteristics of photobioreactors (adapted from

references 11, 39)''*°

Raceway | Tubular |Flat panel airlift

System

ponds PBR PBR
Light Fairl
fg ary Excellent Excellent
efficiency good
T ture

ermper None Excellent Excellent

control
Gas transfer Poor Low-high Low-high

Oxygen

e . Low High Low
accumulation

Bi
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concentration
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scale-up
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d d per k
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biomass
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