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Development of a small scale and efficient protein production
platform utilizing edible microalga, SpirulinaProject title

Institutions： Chitose Laboratory Corporation, Taberumo, IHI Aerospace Co., Ltd., Fujimori Kogyo Co., Ltd.  

November 2018 to November 2019

Objective Contents

This project aims to develop a space-saving and highly 
efficient device that is capable of producing Spirulina 
(Arthrospira platensis; earlier classified under genus 
Spirulina) and apply it to the greenhouse agricultural 
system on earth as well as to self-supplied protein pro-
duction during stay on the moon. Among other nutri-
ents, Spirulina has especially high protein content 
accounting for approximately 70% of its dry weight. As 
a result, the annual protein productivity per unit area of 
Spirulina is overwhelming, and over 15 times greater 
than that of soy. Another feature of Spirulina is that it 
allows for resource-saving production. Using these fea-
tures of Spirulina, we propose to develop a protein 
self-supplied device for astronauts during their stay on 
the moon. This technology is applicable on earth too, 
and we will seek to expand it to greenhouse agriculture 
in future.

In this study, we will address the following:

(1) Optimization of culture conditions for the cultiva-
tion of Spirulina using artificial light and standard 
medium. We will assess the adequacy of materials 
with various characteristics as the supporting mate-
rial, on which algal cells are attached and immobi-
lized, using primarily materials that were used for 
alga culture in the past.

(2) Manufacture and testing of several small-sized 
demonstrators equipped with LED light sources. 
Using the supporting material selected in (1), we 
will conduct a culture assay using small-sized dem-
onstrators.

(3) Production of a liquid fertilizer from non-edible 
plant remnants using nitrification bacteria.  
We will use greens as a model of non-edible plant 
remnants and artificial urine to perform fermenta-
tion via nitrification bacteria that are adequate for 
fermenting the model case.

(4) Culture Spirulina using the liquid fertilizer obtained 
from non-edible plant remnants and artificial urine 
(see point 3).

(5) Discuss a system that can be used in outer space. 
We will design a concept of a system that assumes 
use in outer space, by examining items necessary 
for culture in outer space environments, including 
low gravity environment, and by considering the 
maximization of culture efficiency. 
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Compared to that in soy and beef, Spirulina has approximately 
twice the protein content, and is expected to serve as an 
abundant source of protein supply.

Dishes that use Spirulina
on the dining table  

The image of lunar agriculture
(Self-supplied protein in

outer space)

Spirulina has been appreciated from old times as an 
invaluable dietary source due to its high nutrient value. 
Today, it is appreciated in various forms, such as smooth-
ies, salads and yogurts, and has become increasingly 
recognized as a new ingredient.

In outer space, Spirulina can be cultured as a nutrient-rich raw diet 
with high protein content in the International Space Station and 
on the moon, by using a resource-saving and space-saving device 
that can culture Spirulina. Thus, even during a long-term mission, 
astronauts are expected to be able to keep in good shape by eating 
Spirulina on a daily basis.

The battery does not produce 
flammable gases.

As the battery uses inorganic solid-state electrolytes, 
it has the following features

Research at  the JAXA Space Explorat ion 
Innovation Hub Center aims to implement 
capabi l i t ies  that  extend beyond current  
accomplishments (Temperature range: -40℃
-+100℃, capacity: several ampere hours) in 
capacity and environmental tolerance to extreme 
temperature range. 

Battery Characteristics and Research Objectives Application Areas, Commercialization Plans

● High safety

As cells can be layered in a single 
battery package, high voltage 
and high capacity are possible.

● High energy density

In contrast to lithium-ion batteries with liquid electro-
lyte, as the electrolytes do not freeze or evaporate, the 
battery is operable in both cold and hot conditions.

● Broad range of usable temperatures

Side reactions are suppressed because only lithium 
ions are transported, allowing for stable operation 
with less degradation.

● Long operating lifetime

Going forward, we are in the process of examining 
the application of batteries to three different fields in 
which growth is expected

In addition, we are considering potential uses in space.

【Stationary storage batteries】

【On-board batteries】

For reducing the load on the power grid, 
stationary storage batteries are installed in 
homes or small-scale commercial facilities in 
order to store electricity generated by solar 
panels, and nighttime power.

As an indispensable part  of  many 
next-generation vehicles,  such as 
electric and fuel-cell vehicles.

To stabilize the output of unstable renewable 
energy, such as wind power generation and 
solar power generation, a storage battery is 
installed as a system linkage.

As equipment on missions to extreme 
environments where it would be difficult to 
operate conventional batteries.

【Storage batteries for use in space】

【Storage batteries for use in the power grid】

1st RFP : Common Technology ／ Solution Creating Research

Institutions：Hitachi Zosen Corporation

Development of all-solid-state lithium-ion secondary batteries

March 2016 to March 2019

All-solid-state lithium-ion secondary batteries possess 
advantageous characteristics, such as high energy den-
sity, wide operating temperature range, low risk, and 
long lifetime. They are expected to solve challenges 
faced by conventional lithium-ion batteries with liquid 
electrolyte. There are high expectations for their suc-
cessful application in space, particularly for use in 
extreme temperatures unachievable with conventional 
batteries. The objective of this study is to achieve 
increased tolerance to extreme environments, larger 
size, and higher capacity through prototyping and 
evaluating all-solid-state lithium-ion secondary batter-
ies. Ultimately, we hope to attain innovative battery 
technologies to apply to future missions in planetary 
exploration.

The aim of this study is to develop technology with 
spacecraft applications. We have made the following 
developments to achieve performance surpassing prior 
models:
1) Study and prototype an all-solid-state lithium-ion 
secondary battery that can operate stably under 
extreme environments. Specifically, we studied and 
prototyped a battery that can withstand extreme 
temperature fluctuations, exceeding 100 °C, while 
maintaining stable operation during the required 
period.

2) Study and prototype a larger, higher capacity sec-
ondary battery. Specifically, we studied and proto-
typed battery structures and packaging to achieve a 
size and capacity that greatly exceed past achieve-
ments. 

3) Various evaluations of prototype batteries. We 
evaluated the prototyped batteries under severe 
environments, such as extreme high and low tem-
peratures and vibrations, to assess their perfor-
mance characteristics.
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