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The objective of this paper is fo investigate into the design of photbioreactor for mass production
of microalgae. Characteristics of previously developed photobioreactors were examined to obtain
design factors, including light transfer, fluid dynamics and metabolic reactions, of the
photobioreactor. Design technology of components related to the design factors, such as light
sources, photobioreactor cases, spargers, mixer, efc., was discussed to improve the viability and
the growth rate of microalgal and productivily of the photobioreactor. Finally a principle direction

of the design for an airlift flat plane photobiorectors was investigated.
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n = refractive index

s = illuminated surface area of a photobioreactor

k = number of sides for the polygon

1 = radius of a circumscribed circle for the polygon
F = tght flux

E = illuminance

T = transmissivity

I = light intensity

lavg = mean light intensity

1s = saturation light intensity

To = light intensity on the inside of a photobioreactor case
& = extinction coefficient

X = concentration of microbioal biomass

d = depth of a photobioreactor

gr87] A7), Microalgal (BIMZ

By, Mass Production (T4 4h,
HFS 71 B3), Design Factors (A 21X

Pv = volumetric productivity

u = coefficient of specific growth rate
V = volume of a photobioreactor

Fg = medium and gas flow rates

Ug = superficial gas velocity

re2 = effective radius of a photobioreactor
D = dilution rate

v = entrance gas velocity

A = number of nozzle for sparger

di = diameter of each nozzle for sparger
AD = area of downcommer

AR = area of riser

L = length of static mixer
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Fig. 1 Concept of photosynthesis in the photobioreactor
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Fig. 2 Classification of photobioreactor®>*
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Table 1 Characteristics of photobioreactors'®"

Type Advantages Disadvantages

- Little control of
culture condition
- Relatively economical  Difficulty in growing

Rac .
° 1l Easy to clean up for long period
way . .
(©pen) | Good for mass ~ Poor productivity
P cultivation - Occupy large land
mass
+ Easy contamination
- High mass transfer
- Good mixing with low | 1 iumination
shear stress
| Low ene surface area
rgy - Construction required
. consumption .
Vertical | . . sophisticated
- High potentials for ,
column scalabili materials
(Closed) v .. - Shear stress to algal
- Easy to sterilize
~ Decrease of
- Reduced illumination surface
photoinhibition and

photo-oxidation area upon scale-up

- Least land use

. N - Gradients of pH
- Large illumination )
- Dissolved oxgen and
Tubular | surface area CO, along the tubes
(Horiz- - Suitable for outdoor 2 g
- Fouling
ontal | cultures
. . - Some degree of wall
& | Fairly good biomass rowth
Closed) | production 8 .
Relatively chea - Requires large land
Y P space

- Large illumination

- Scale-up require
surface area P red

. many compartments
- Suitable for outdoor Y P )
and support material
cultures ) .
. - Difficulty in
- Good light path .
Flat . controlling culture
~ Good biomass
Panel roduction temperature
(Closed) P . - Some degree of wall
- Relative cheap
Easy to clean u growth
Y P  Possibility of
- Low oxygen buildup .
hydrodynamic stress
- Low power .
. to some algal strains
consumption
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Fig. 3 Examples of static mixers {(Adapted from
references 24 and 25)**%
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Fig. 4 Examples of dynamic mixers (Adapted from
references 9 and 26)”*
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Fig. 5 Comparison of bubble column and airlift photo-
bioreactors (Adapted from reference 29)*
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Cross section :
Nertical plane

Fig. 6 Example of a rectangular airlift photobioreactor

Cross section ©
Horizontal plane

with light guide plates and light collector
(Adapted from Reference 36)°
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Fig. 7 Example of photobioreactor with LEDs (Ruhr-
University Bochum)
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Fig. 8 Examples of flat panel airlift photobioreactor
developed by Fraunhofer Institute and Subitec
Inc. (Adapted from references 41 and 42)*'
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Energy input per 1 kg dry weight (MJ/kg DW)

Raceway Tubular Fiat Panel Ailift
(Pond) tzontal) (Helical) (Ver: (Uni.of itec, (Subitec,
Almeria} Present) Target

Fig. 9 Variation of energy input per lkg dry weight of
microalgae for different types of photobioreactors
(Adapted from references 41 and 42)*14
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Fig. 10 Parameters for the cultivation of microalgal in the
photobioreactor (Adapted from reference 24)**
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Table 2 Refraction index for different plastic material'**®
| Material [PMMA| PC | ABS| PS | PVC| Glass |

Refraction| 1.47 | 1.54 1.52 1.57 | 1.53] 1.49
index (n) | -1.52 | -1.59 | -1.60 | -1.56| -1.50
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Fig. 11 Examples of light gﬁide plate
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Fig. 12 Surface areas for different regular polygon
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Table 3 Transmissivity for different plastic material®®
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Fig. 18 Concept and representative dimension of the
static mixer for an airlift photobioreactor
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