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Study of Technology for Outdoor Stable Culture of Microalgae for Recycling of CO, in Atmosphere
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The optimization of culture tank structure
and culturing conditions was investigated using
Honda’s own strain of microalgae and a flat panel
photobioreactor for the purpose of creating carbon
dioxide fixation technology using microalgae capable
of repurposing carbon dioxide in the atmosphere as a
valuable resource. The aim is to build a carbon-neutral
society. The culturing conditions were configured
in terms of the concentrations of the nutrient salt
components of nitrogen, potassium, and phosphorus.
By adopting a flow guide shape that discharges liquid
and gas in a single direction, a flow-field velocity
of 0.02 m/sec or higher was achieved for the culture
solution. This optimization of the culturing conditions
successfully increased microalgae production volume.
Regarding the culture tank structure, the heat
insulating layer structure made it possible to maintain
temperatures within the control range throughout
the year. The culture tank was also installed at a
45° tilt, which successfully increased the amount of
incident light in the culture tank. Outdoor culture
tests incorporating these factors yielded an expectation
of algae production volume of 13.5 g/m’/day. These
results indicate the possibility that DREAMO will be
able to achieve ethanol production volume per planted
area that is equal to or better than bioethanol from
sugarcane, which is a carbon-neutral fuel.
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Image of culture tank equipment
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Table 1

Important factors and issues of DREAMO

Factor Culture effect

Issue Theme

Nutrients Nutrient depletion

Contamination proliferation

Nutrient concentration optimization

Broth stirring Algae subsidence

CO, dissolution amount,
O, dissolved amount,
reduced light reception

Stirring speed optimization and structure

Water temperature | Water temperature rise

Increased temperature control energy

Temperature control energy minimization

Reduced production
efficiency,
water temperature rise

Incident light

Low utilization of incident light,
water temperature rise

Incident light utilization rate upward,
temperature control energy minimization

MO A FEROREA TR "V TH B Z 25, ZOWEE
REIZEELETH B,

R < 1d Ak, DREAMO O HBERERIC & % 2EpEH
HEWHIT S5 A THESRTFTH 5.

Culture layer
(green)

(a) General structure of flat panel type culture tank with
culture tank and CO, gas bubbling

Culture layer (green)
Culture pack

Cooling layer (blue)
Vinyl water tank

CO, gas inlet

(b) Honda flat panel type culture tank

Fig. 2 Structural comparison of flat panel type culture
tanks (a) and (b)
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Fig. 3 Ancillary equipment for harvesting and CO,
supplying

1.0

0.8 ®

0.6 -

041 o

0.2®

Algae concentration [g/L]
°

0.0 1 1 1 1 1 1 1 1
0 5 10 15 20 25 30 35 40 45

Temperature [°C]

Fig. 4 Temperature dependence of DREAMO
production
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Table 2  Nutrient components of culture solution

Chemical formula
CH,N,O
MgSO,*7H,0
CaCl,*2H,0
K,HPO,
KH,PO,
ZnS0O,*7H,0
H,BO,
MnCl,+4H,0
FeSO,-7H,0
CuS0,*5H,0
(NH,)6M070,,°4H,0

Stock liquid
UREA

Phosphate

Hutner’s trace elements

Table 3 Typical conditions for lab-scale DREAMO

culture

Factor Unit Value
Water temperature [°C] 28
Incident light [mol/day] 16

Light irradiation time [hour-light / hour-dark] 10/14

Air-CO, mixed gas airflow [vwm] 0.15
CO, concentration [%] 5
Amount of culture medium [L] 2
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Fig. 5 Phosphate dependence of DREAMO
production
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solution outlet

Flow guide

Gas supply port

(a) Flow guide (b) Culture container

Fig. 6 Simulated culture tank test container
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Fig. 7 Flow velocity measurement by (a) and (b)
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Fig. 8 Relationship between flow velocity and PE
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Fig. 9 Guide shape designs to make flows (a) and (b)
in culture tank perpendicular to gas exhaust port
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Fig. 10 Results of culture fluid flow simulations for
guide shape effect
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Fig. 12 Schematic representation of flat panel culture
tank with heat insulating layer
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Fig. 13 Estimated annual temperatures of culture
solution in North Kanto region with thermal
insulation for winter period considered
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Fig. 14 Schematic representation of light loss caused
by culture medium and culture tank structure
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Fig. 15 Schematic representation of simulation
models used for estimation of effects of
(a) and (b) on flat panel photobioreactor

Table 4 Basic shape, light source, and incident light
conditions for simulation model

Factor Unit Value

Simulation software [] Zemax OpticStudio

Housing conditions

Housing size [mm] L 1,800 x W 210 x H 1,000
Separation distance [mm] 1,000
Light loss conditions
Light transmittance [%] 72.3
Solar conditions
Light source [Sun] (W/m?) 1 (1,000)
Direct light [%] 70
Scattered light [%] 30
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Fig. 16  Sun orientation and altitude used for optical
simulations for spring and autumn, summer,
and winter conditions
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Fig. 17 Estimation of effects of (a) and (b) to enhance
incident light on culture tank surface
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