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A Study on the Design Criteria of Photobioreactor
for the Efficiency of Light-Utilization
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Recently, there is a growing interest in microalgae and the use of microalgae focused on the production of various high
value metabolite used in food, pharmaceuticals and cosmetics. The key limiting factor in high density algal cultivation is the
light and algal growth is defined by light intensity and light penetration depth into the culture medium. The effect of light
with various light paths, S/V ratios, light intensities, and 50% duty cycle on the growth of microalgae was examined to
enhance microalgal biomass productivity and photosynthetic efficiency. We confirmed that the utilization of efficient light
energy was obtained from 4 cm of diameter, 57.6% of S/V ratio, 62 umol/m?s of light intensity .
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Table 1. Allen medium composition

Chemical MW (g/s(;?sckL) (B]l};l{) %go;llf)
NaNO; 85.01 75 10 1.5
KH,PO4 174.18 1.95 10 0.039
MgS0,7H,0 246.48 3.75 10 0.075
Na,CO; 106 1.06 10 0.021
CaCl, 110.99 1.35 10 0.027
Na;Si0:9H;0 2842 29 10 0.058
Ferric citrate 244 .95 0.3 10 0.006
Citric acid 192.12 0.3 10 0.006
EDTA 292.24 0.05 10 0.001
. . /1000 mL
Micronutrient DW.
H;BOs 61.84 2.86
MnC:4H,0 19791 1.81
ZnSO,7H0 287.54 0222
Na;MoO47H,0 241.95 0.391
CuSO45H,0 249.68 0.079
Co(NO3),6H,0 291.04 0.0494
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Figure 1. Schematic diagram for the photobioreactor (1)

photobioreactors, (2) sparger, (3) fluorescent lamp, (4) membrane
filter, (5) flow meter, (6) air (with 5% CO»jcylinder.

Figure 2. A photograph of vertical tubularphotobioreactors.
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Figure 3. A photograph of vertical tubular photobioreactor with various
dimentions.
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Figure 4. Growth of Chlorella sp. under various light paths.

o7 We & AFIA HHY ol #A
S wXA Brk12).

wg-7)e] WaERE ulgo JFE ulwsr] HA 4, 6,
8 cm A7e) WSI)E o] &sRen W e AL AF
3] Aksta Alge] FIgS Zolr) s ¥key) WA 12
o H2M Hg o83t e ATIHL



260

Fig. 5+ ¥§7]|9] W3|/5-3) v & W& Chlorella sp.9|
TAEEE Uehd A l ¥ Table 2& ztzte] W/Es vl&
& 73 kg9 Chlorella sp.9) FHAHESES YE
Aoltk. B &L 4 (1ol met AXFEHATH1I).

Recovered energy as biomass
Received light energy
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Where, Received light energy(PAR) into the reactor
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4.6 = Conversion factor from W/mZ(PAR) to umol/mZ/S(PAR)
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Figure 5. Growth of Chlorella sp. under various sfv ratios.
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Table 2. Maximum growth yield and photosynthetic efficiency of Chilorella sp. under various S/V ratios

24hr,

24hr, Maximum Input of

. ! . . .
S/\Z Wr?tlo Maximum growth rate Enthal }g{ Jc;f (li)rywt;wmass energy recovery PAR Photosynﬂu(st;c) efficiency
. (gD.Wjreactor/24hr) gL (KJ/reactor/24hr) (KJfreactor/24hr) ’
57.6 0.429 22.82 9.79 54.09 18.1
433 0.284 22.82 6.48 40.66 159
39 0.210 22.82 4.80 36.62 13.1

Table 3. Maximum growth yield and photosynthetic efficiency of Chlorella sp. under various light intensities

Light intensity 24hr, Maximum growth Entha_lpy 24hr, Maximum energy Input of PAR Photosynihetic efficiency
2 rate of dry biomass Tecovery
(urmol/mifs) (D Wireactor/24hr) (KJ/g D.W) (KJfreactor/24hr) (KYfreactor/24h) (%)
46 0.119 22.82 272 18.70 145
62 0.292 2282 6.65 2523 26.4
97 0.444 2282 10.1 39.48 25.6
121 0.499 22.82 11.4 49.25 23.1
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Figure 6. Growth of Chlorella sp. under various light intensities.
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Figure 7. Growth of Chilorella sp. under 50% duty cycle.
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