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1. Introduction 

 As a tool to promote material cycles, and thus, to enhance the capability of life supporting mechanisms in space, 

applications of photosynthesis have been long investigated. Microalga is one of the most intensively studied organism 

among various photosynthetic organisms for such applications [1, 2]. 

Under the conventional laboratory environment, microalgae are grown in a medium solution under the light with the 

supplementation of CO2 by simple bubbling. However, the same culturing technique is not able to be applied under the 

micro-gravity environment due to the following reasons; 

- Bubbling does not cause effective mixing of solution, and 

- Gaseous bubbles introduced into or generated within the solution do not uncouple efficiently from the solution. 

Therefore, when the conventional culturing techniques are used under the micro-gravity environment, CO2 needs to be 

provided through the gas-liquid interface by diffusion or through a CO2 permeable membrane in the solution. O2 generated 

by photosynthesis is in the same manner. Such methods, however, require additional complexities to the system, e.g., the 

use of high concentration CO2, the establishment of a large gas diffusing surface area, and the application of a solution 

mixing system. 

 To avoid the technical difficulties previously mentioned and to achieve efficient growth of microalgae, a new culturing 

technique has been recently developed and studied [3, 4, 5]. This newly developed technique allows microalgal cells to 

attach and grow on a wet surface of a certain substance. Due to a higher ratio of the gas-liquid interface area to the liquid 

volume in this technique compared to the conventional ones, the supplementation of gas mixture containing a low 

concentration CO2 by diffusion, in theory, is supposed to be sufficient to maintain efficient growth of microalgae. Further, 

this technique minimizes the use of water. 

 
2. Objectives 

The purposes of the current study are 

(1) to develop a microalgal biofilm photobioreactor apparatus, with which (i) the used of water is minimized, (ii) the air 

regeneration is performed by using gas containing relatively low concentration of CO2 (< 3000 ppm), and (iii) the 

effective research/experiment can be conducted under micro-gravity environment, for an intention of applying this 

technology to the closed ecological life support system in space station. 

(2) to develop a non-destructive measurement technique for the growth of microalgae attached on the surface of a certain 

substance. 
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3. Preliminary Results  
3.1 Development of Preliminary Biofilm Photobioreactor System 

 A preliminary biofilm photobioreactor system was developed as shown in Fig. 1. Arthrospira platensis (thereafter, 

Spirulina) cells were attached and grown on the surface of substances placed vertically next to the light sources. The 

cultivation apparatus shown in Fig. 1 including light sources, solution circulation/supply system, and substances with 

Spirulina cells, was located in a transparent polymethyl methacrylate (thereafter, PMMA) container. The SOT medium [6] 

was continuously supplied from the top of each cultivation apparatus through the diffuser by peristaltic pump at a flow 

rate of 10 mL min-1. The Spirulina cells grown on the surface of the substances were illuminated at 10,000 lx by white LEDs. 

 

 

3.2 Evaluation of cell growth on different substances 

The growth of Spirulina grown on different materials were evaluated. The results showed the correlation between the 

growth and the water-holding capacity of the materials, i.e., the growth was greater on filter papers with higher water-

holding capacity (Fig. 2). Based on the result, cellulose filter (1034-3A, ADVANTEC) which showed the highest water 

holding capacity, and thus, the highest growth of Spirulina, was used in the preliminary studies.  

 

 

 

3.3 Development of a non-destructive measurement of Spirulina growth in the Biofilm Photobioreactor System 

 Spirulina cells attached on 1034-3A were measured optically to correlate with the dry cell weight. Fig. 3 shows the 

obtained relationship between the biomass and light absorbance.  

 

Fig. 1 Biofilm photobioreactor in this study. 

 

Fig. 2 Correlation between the growth of Spirulina and water-holding capacity of the materials. 
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This study was accomplished by a joint study with the JAXA Space Exploration Innovation Hub and was adopted as a 

feasibility study of the Japanese Experiment Module Kibo usage. 
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Fig. 3 Correlation between dry cell weight and optical measurement. 
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