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Moonshot Agriculture, Forestry and Fisheries R&D Project / Research Results

Project Manager (PM): Tatsuya Shimizu
Director, Professor, Institute of Advanced Biomedical
Engineering and Science, Tokyo Women's Medical
University

Project Year: FY2020~FY2024

- Bio-economical food production
- system using circular cell |
- culture of algae and animal cells

__________________________________________________

Background and Goals

Project Background and Necessity

Current food production systems are facing mounting sustainability challenges due to global
population growth, the accumulation of greenhouse gases, and climate change. Moreover, the recent
spread of various infections and increasing geopolitical instability have further exacerbated concerns
over food security. Conventional methods of grain cultivation and animal farming for meat
production are a cause of environmental stress. To address these issues, this project aims to develop
an environmentally friendly, waste-free and sustainable "cultured food" production system—an
innovative approach by amplifying cells, the fundamental units of plants and animals, and using
them to produce only the edible tissues.

Technology Development Goals

This project aims to develop technologies for producing only the edible tissues of diverse organisms,

thereby fostering a novel food supply industry not relying on grain cultivation or livestock farming.

(1) Demonstration of a Circular Cell Culture (CCC) system
(i) Microalgae cultivation without external nitrogen sources (ii) Nutrient extraction from microalgae for
animal cell growth (iii) Scalable culture of animal cells (iv) Upcycling of animal cell culture waste
medium for the next microalgae cultivation

(2) Optimization of the CCC system components
(i) Development of novel microalgae strains (via genetic modification or breeding) (ii) Data-
driven optimization of culture conditions (iii) Process design for the CCC system scale-up

(3) Industrial application of CCC
(i) 3D tissue structuring for delicious and nutritious foods (ii) Commercialization strategies
(iii) Environmental impact assessment of production processes

Future Challenges for Present Cultivated Meat
Production Systems

77

Proposed Innovative Circular Cultivated Meat
Production System
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Key Research Achievements
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(1) We demonstrated the feasibility of the CCC system consisting of: (i) microalgae cultivation, (ii)
microalgae degradation, (iii) animal cell culture using microalgae culture waste medium and supernatant
for animal cell growth, and (iv) microalgae cultivation using waste medium from animal cell culture.

(2) We implemented CCC using selected microalgal strains, including (i) nitrogen-fixing microalgae
amenable to genetic modification and microalgae capable of utilizing lactic acid, and optimized the
system’s conditions. We also (ii) initiated the development of monitoring parameters and
technologies, and (iii) scaled up the overall processes, achieving mass culture of muscle-derived cells

for food production.

(3) We (i) established 3D tissue engineering techniques and produced cultivated chicken meat, (ii)
promoted commercialization of the developed technologies, and (iii) conducted a life cycle assessment
to evaluate the environmental impact of the production process.

Contact:
https://circularcellculture.jp/en/

-~~~
S


https://circularcellculture.jp/en/

Moonshot Agriculture, Forestry and Fisheries R&D Project / Research Results

Future Directions

We aim to establish a waste-free, resource recycling “cultured food” production system by amplifying
animal cells—their smallest functional units—and using their full potential to construct only edible
tissues. By 2050, our goal is to create a fully circular, resource-efficient global food industry that
ensures both stable food supply and environmental sustainability.

® Implementation Timeline

By 2027: Develop a prototype of the small-scale “Bistro CCC System” (production capacity: 100g per
2 weeks) integrating all processes, designed for installation in restaurants.

By 2030: Complete a prototype of a cultivated food production system capable of generating only the
edible parts of various animals in 3D tissue form (production capacity: 1kg per day).

Beyond 2030: Establish compact, climate-resilient food production facilities based on this system,
deploy them in regions facing food insecurity, and expand them globally.

Improvement of CCC and Development of Bistro CCC Circular Cell Culture (CCC) System in 2030

(KPI for FY2026)
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Increase in

-Algae decomposition rate: 90% (10% residue)

-Doubling time for chicken, pig, and cattle muscle cells: < 36
hours (1.5x increase/day)

+Culture medium recycling rate: 90%

Myoblast culture
€O, N, v 1
Mineral

-Production: 1 kg of cultivated beef, pork, and chicken per day
-Running cost: 3 JPY/g -Installable in 30 m2*

*1500L algal serpentine photobioreactor 375L animal cell stirred suspension bioreactor
Assumed daily 1.5x amplification (increase) for both algae and animal cells.

Cultivated meat
100g/ 2week

- Lactic acid, NH;
Myoblast culture waste midium

What We Aspire To

The CCC system can be extended beyond animal cells to include microorganisms, contributing as a
versatile platform for precision fermentation and broader food production. Small-scale cultivated food
systems also enable local production and serve as a resilient food source in times of disaster. Looking
ahead, we aim to apply this technology to space-based food production by integrating it with other
circular systems such as waste recycling, advancing the development of closed-loop, self-sufficient
food systems.

Tatsuya Shimizu PM

Representative organization: Institute of Advanced Biomedical
Engineering and Science, Tokyo Women's Medical University

[R&D Themes]

Research Themes and Structure

[R&D Structure]
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Relevant associations

The Council for Public-Private
Partnership in Food Technology
Industry-academia-government
community

Society for Cultured-Food
Engineering

Group of Researchers

Japan Association for Cellular
Agriculture (JACA)

Societal Acceptance and Outreach
Cellular Agriculture Institute of the
Commons (CAIC)

Regulation Development

GFI Japan

International network

Tokyo Women's Medical
University©~@

Waseda University D@®

Integri Culture Inc.2®
CulNet system

ABLE INC.@® University of
Helsinki®
Life Cycle Assessment
_ (LCA) ]

The University of
Osaka@®

Tokyo City
University ®®
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<Research Institutes>

. (3) Waste medium upcycling

(4) Circular Cell Culture (CCC) system

| (5) 3D tissue engineering system

(6) Cultivated food production system

1 (7) Social implementation strategies

(8) Commercialization of microalgae-
derived culture media

(9) Safety and taste evaluation of
microalgae-based media and cultured
meat

(10) Applications in amino acid and
precision fermentation

(1) Tokyo Women's Medical University / (2) Kobe University / (3) Tokyo Institute of Technology (now Institute of
Science Tokyo) / (4) Waseda University / (5) The University of Osaka / (6) IntegriCulture Inc. / (7) ABLE INC. /
(8) Tokyo City University / (9) University of Helsinki
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