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Basic Study on Development of Microalgal Biomass Production Utilizing By-products of Steel Industry
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Abstract

Microalgal biomass production has attracted attention as a technology for CO, emission reduction
for recent years. We started the research on development of the microalgal culture system utilizing
by-products generated in steel works. A unicellular microalga (NS001C strain) isolated from the
wastewater treatment equipment in steel works showed high growth rate with high ammonia
tolerance. In the experiments in which NS001C strain was applied to the small-scale substrate
surface culture, the maximum biomass productivity was 15.4 g/m?/d. By the effective utilization of
the sunlight into the system, the biomass productivities can be realized to be 20-30 g/m*/d which
was more than 5 times higher than that of current pond system theoretically. We concluded the
substrate surface culture is a hopeful technique to achieve high biomass production in large-scale
culture of microalgae and will work on the development of a large-scale bioreactor.
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Microphotographs of NSOO1C strain

Cells of NSOO1C strain cultured with 14L/10D light-dark

cycles were observed at three different time points in a

light period. Left: autospores. Middle: vegetative cells.

Right: an autosporangium.
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Growth curve of NSOO1C strain in log phase
Optical density at 730 nm of culture solutions were
measured by a UV-Vis spectrometer. The symbols indicate
the mean value of three cultures. The error bars indicate

the standard deviations.
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Growth curves of NSOO1C strain under various ammonia
concentrations

Optical density at 730 nm of culture solutions were mea-
sured by a UV-Vis spectrometer. <: NH,-N Omg/L, O0: NH,-
N 20mg/L, ~: NH,-N 40mg/L, x : NH,-N 80mg/L, +: NH,-
N 150mg/L, @ : NH,-N 300mg/L, m: NH,-N 1000mg/L.
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Conceptual drawing of substrate surface culture
Algae are cultured on porous substrates in a gaseous
phase. Light is supplied to algae through the gaseous
phase, while water and nutrients are supplied from the
substrates filled with a culture medium. Algae can take
CO, up from the gaseous phase and discharge O, into it.
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Conceptual drawings of effective utilization of sunlight by
substrate surface culture
When substrates are arranged vertically to the direction of
the sunlight, algae can not utilize the sunlight efficiently
because PPFD on the substrates exceeds their light satu-
ration point (left). When the substrates are arranged diago-
nally in order to decrease PPFD on the surfaces of sub-
strates to the saturation point or lower, algae can utilize
the sunlight more efficiently with the wider area of sub-
strate surface than in the left situation (right).
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A photograph of substrate surface cultures
Algae are cultured on glass filters placed on sponges filled
with a culture medium in plastic cases. Upper: three-day
cultures supplied with air. Lower: three-day cultures sup-
plied with 1%CO.,,.
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<1 supplied with air, [ supplied with 1%CO,,. The results
of three independent experiments are shown in this graph.
The symbols indicate mean values of three cultures. Error
bars indicate the standard deviations.

D CO, e (K 400ppm) Tld, CO, 2SNAHLOHHER
Lo THY, CO,MED LA, oA BHEE & Ui
D EFITOBPDIEFMENT WD, EOHEIEDNET 7
ST, NA A~ ARG A B B SRR LB S
EEZBIENTE, ZODIZ ERROFEIE SNz
%25

ZEEDORDYIZ CO, WIS H 2 & T, KRz AEEED
MBS B SNTze SIS F~ AE SO A AHE
1 154g/m¥d WMUEZ R L) 7288, KEEOF % EREIC
AU, AL ) T A0S H b Jeak L7z
Lo ICEMER R TR, HRoREOH T E TRT S
LT, KBtEREELCHHTE TR H 5. Kb
T LT, AR RIOICEE L, HERIIZBIT 5K
J6O PPFD % G LA T IC LoD, BRAekiE o ik & HifE
W72 OMAEEER 2 HREE, ST THFTETVAR
Mo fz—TBO KRR ZDRE DT E A EE2EBIH
T2 ENMRETH L, EBIITRIGOEER ML
iR Lo T2 L, FHEEEAFIZL 20
Wb b0, FHEFIEHEMTII RV, Lol
TIEE) L7zl & AL, 1%CO, & G L7252 Bl
LEBENS, KL TIZBIFBHEMmI %A F~ AR
HELTORX (1) LhkDd7z,

P=P /L xL

P BERIY N A v AN [g/m?/d]
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F1 KREH,SEH L ZERINA A~ IEEM VAT AFZEDVEDII RN ) B EZRZT VD, SRR
;’S;%rc\alglcuaésblomass productivities calculated from mea- PRI 3 AT e 7 B ke B3 S 2 5 A O EFLICIA
Theoretical biomass productivities were calculated from TR R ED TR
the measured values obtained in the experiments of sub-
§tra'Fe surface culture with 1%CO, supply (data are shown SERH
in Fig. 7).
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