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Sustainable Development Goals (SDGs)

Realizing a Carbon-Negative
Society through Carbon 
Cultivation

Transport and process
Deliver to consumers
Create new biomass industries

Achieve safety, assurance, and high quality
End dependence on chemical fertilizers
Change consumer awareness

Enhance the functions and performance of 
biomass-derived materials

Expand new materials and business overseas

Increase the amount of stored 
carbon by carbon cultivation

Replace fossil 
resource-derived 
materials and fuels

Improve the sustainability of agricultural land
Revitalize local economies

Aimed-for Society
Goals: By 2050, through carbon cultivation, storing the equivalent of 

12 million tons of carbon from rice, 29 million tons from forests, 
and 3 million tons from algae, and creating industries from their use.

Maintaining the environment 
and scenery

Carbon fixation Fertilizer, fuel

Energy/materials 
production

Waste-free 
upcycling

Securing food
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Aims of the Hub
The essence of carbon cultivation is the active production, value creation, and 

recycling/reuse of biomass.

The Hub aims to give biomass carbon-negative characteristics by developing 

cultivation methods that greatly increase the amounts of fixed and accumulated 

carbon in biomass.

A further aim is to strongly promote creation of high added value of biomass, 

leading to the full conversion of land that was abandoned and underutilized for 

economic reasons into land for biomass production. The Hub will promote carbon 

cultivation mainly with technologies relating to rice, tree, and algae.

Rice

Wood

Algae

We will develop rice varieties with high CO² 

fixation and biomass production capacity.

This rice will also be beneficial for achieving 

food security in the event of a food crisis.

We will create a new short-cutting cycle, 

high-efficiency forestry industry that prioritiz-

es the rate of carbon fixation.

We will establish technology for producing 

fuel by carbon cultivation using algae, which 

has high potential for Japan, surrounded by 
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R&D targets to realize 
carbon negativity

Establishing carbon cultivation 
agriculture and forestry industries

Realizing a society that 
accepts carbon cultivation

Establishing technologies for 
developing materials based on 
carbon cultivation

Establishing technologies for reducing 
greenhouse gases and treating wastes 
generated in carbon cultivation

Establishing technologies for 
producing fuel based on 
carbon cultivation

R&D Leader Taiichiro Ookawa 
Professor, Institute of Agriculture, Tokyo University of Agriculture and 
Technology   

R&D Leader 
Yuji Nagai 
Professor, Environmental 
Research Institute, 
Waseda University 

R&D Leader 
Makoto Yoshida 
Professor, Institute of 
Agriculture, Tokyo 
University of Agriculture 
and Technology

R&D Leader Akihiko Terada 
Professor, Institute of Engineering, Tokyo University of 
Agriculture and Technology 

R&D Leader Masayuki Inui 
Group Leader/Principal Research Scientist, Molecular 
Microbiology and Biotechnology Group, Research Institute of 
Innovative Technology for the Earth

Tokyo University of Agriculture and Technology/
University of the Ryukyus/Hirosaki University/
Ehime University/Japan Agency for Marine-Earth 
Science and Technology/Forestry and Forest 
Products Research Institute/National Agri-culture 
and Food Research Organization(NARO)/
TAIHEIYO CEMENT CORPORATION/
NEWGREEN, INC/Ohama farm/TAKAMINE 
SYUZOSHO Co., Ltd./Taketomi Town (Yaeyama 
District, Okinawa Prefecture)/Hirosaki City 
(Aomori Prefecture)

Tokyo University of Agriculture and 
Technology/National Institute of 
Advanced Industrial Science and 
Technology (AIST)/Mitsubishi Chemical 
Corporation/EnBio Engineering, Inc.

Hirosaki University/Tokyo University of 
Agriculture and Technology/Research 
Institute of Innovative Technology for the 
Earth/Tsugaru Biomass Power 
Generation/TAIYO NIPPON SANSO 
CORPORATION/Tsugaru City (Aomori 
Prefecture)/Hirosaki City (Aomori 
Prefecture)

Tokyo University of Agriculture and 
Technology/Nagaoka University of 
Technology/Hirosaki University/

Institute of Science Tokyo/National Institute of Advanced 
Industrial Science and Technology (AIST)/Forestry and 
Forest Products Research Institute/Riket/AGC, Inc./ 
Shikoku Instrumentation Co., Ltd./Nihon BioData 
Corporation/digzyme, Inc/Japan Investment Adviser 
Co., Ltd./Sojitz Institute of Innovative Technologies, Ltd./
Koshii Preserving Co., Ltd./Hirosaki City (Aomori 
Prefecture)

Establishing
developing m
carbon cultiv

,
(Aomori 

societytt thaty
bon cultivation

Project 

Project Project 

Project Project 

A Carbon 
Cultivation Hub 
Challenging the 

Limits of Carbon 
Negativity

Waseda University/The Engineering 
Academy of Japan/Ritsumeikan University/
Tokyo University of Agriculture and 
Technology/Tokyo Kasei Gakuin University/
FP Corporation/AEON/ AEON Agri Create/
AEON Environmental Foundation/AEON 
RYUKYU CO., Ltd./Research Institute for 
Humanity and Nature/Hirono Town (Futaba 
District, Fukushima Prefecture)
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CO² from 
fossil fuel

Biofuel

Biofuel

Materials

Natural 
energy use 
and energy 

saving

Carbon storage

Agriculture 
and forestry 

products 
(foods, wood, etc.)

Actual carbon 
fixation

CO² from 
biomass

Target 2
Establishing technologies 
for developing materials 
based on carbon cultivation

Target 4
Establishing technologies 
for reducing greenhouse 
gases and treating wastes 
generated in carbon 
cultivation

Target 3
Establishing technologies 
for producing fuel based on 
carbon cultivation

Target 1.2.4

A Carbon Cultivation SocietyCurrent

Fixed

Emitted
CO²

Agriculture 
and 

forestry 
industries

Unused 
biomass

CO² from 
fossil fuel

Agriculture 
and forestry 

products 
(foods, wood, etc.)

Actual carbon 
fixation

CO² from 
biomass

Target 1
Establishing carbon 
cultivation agriculture 
and forestry industries

Target 5
Realizing a society 
that accepts carbon 
cultivation

What is 
Carbon Cultivation?
Applying biotechnology to capture (fixate) carbon (CO2) and produce, give value, and recycle/reuse materials 
and energy
Humans transformed from a hunting society to a cultivating society by inventing agriculture, and succeeded in acquiring large amounts of 

food. Modern society, however, is still a carbon hunting society, dependent on fossil fuels--carbon resources fixed in the earth  in ancient 

times--for its energy and materials. The development of modern civilization by use of fossil fuels has led to serious issues from increases in 

atmospheric CO². CO² fixation is possible only through photosynthesis, but the amount of CO² fixed by agriculture and forests in Japan is 

less than one tenth the emission amount. What’s more, much of the fixed carbon is not being effectively used. Creating new technologies 

and societies for tackling these issues is an urgent need. The challenge we are taking on in the Hub is “realizing a 21st century industrial 

revolution” that will advance humankind from a carbon hunting to a carbon cultivation society.

The amount of CO² emitted by humans annually is 

estimated to be 11.0 billion carbon tons equivalent. 

As for the amount of CO² fixed by photosynthesis 

on land, this is estimated to be 113.0 billion carbon 

tons in nature, and 29.0 billion carbon tons by 

agriculture, forestry and other human activities. Most 

of this amount ends up being released again as CO² 

by such activities as breathing and combustion, 

leaving an estimated 1.9 billion carbon tons fixed 

in the natural world and 3.4 billion carbon tons 

by agriculture, forestry and the like. While various 

technologies have been proposed for absorption of 

CO² in the atmosphere, photosynthesis remains the 

only means for absorbing the huge amount emitted.

Carbon fixed by photosynthesis in rice, trees and algae will be used as materials and fuel. Unused biomass will be processed 

into fertilizer, and excess carbon will be stored. Measures will be devised for gaining public acceptance of this cycle and 

implementing it. Since achieving this cycle will require social implementation at each stage, various companies will participate 

in the implementation processes.

Emissions from human 
activities CO2 fixation by photosynthesis on land

11.0 bil. carbon 
tons/year

Nature Human activities

Breathing, 
combustion, etc.

Breathing, 
combustion, etc.

111.1 bil. carbon tons/year

113.0 bil. carbon tons/year

Photosynthesis Photosynthesis

1.9 bil. carbon 
tons/year

3.4 bil. carbon 
tons/year

25.6 bil. carbon 
tons/year

29.0 bil. carbon 
tons/year

Absorption of the vast amounts of CO² emitted into the atmosphere can 
only be done by photosynthesis.
Excerpted from IPCC Climate Change 2021

Approach to achieving
carbon negativity and
position of each target
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Research Projects
The amount of CO² captured (fixed) in agriculture and forestry will be increased and CO² emissions 

from fossil resources will be reduced by energy saving and the usage of natural energy and also fuel 

from biomass, while CO² emissions originating from biomass will be reduced by conversion to materi-

als and carbon storage. The Hub will challenge the limits of carbon negativity by means of carbon 

cultivation, making maximum use of the potential of photosynthesis.

Specific examples of social implementation:

· Create new biomass industries in the agriculture, forestry and fisheries industries and replace fossil 

resources-dependent industry

· Suppress methane generation in rice farming, promote CO² fixation, and revitalize regional econo-

mies (Increasing rice production will also contribute to food security.)

· In the forestry industry, increase the amount of stored carbon by carbon cultivation using 

fast-growing trees

· Create regional biomass industry clusters to produce replacements for plastic from fossil resources 

(Healthy forests lead to disaster prevention/mitigation.)

· In the fisheries industry, make use of idle fishing port facilities to build large-scale plants for culturing 

marine microalgae

· Promote carbon storage and alternative fuel production

Five targets have been set to realize this vision.

Establishing carbon cultivation agriculture and forestry industries 〇Establishing technologies for 

developing materials based on carbon cultivation Establishing technologies for producing fuel 

based on carbon cultivation Establishing technologies for reducing greenhouse gases and treating 

wastes generated in carbon cultivation Realizing a society that accepts carbon cultivation

Based on these targets, five research projects and goals have been set.

Development of Sustainable Carbon Cultivation Technology

We aim for efficient biomass utilization contrib-

uting to carbon neutrality, with rice and trees as 

targets for land-based green carbon, and 

microalgae as targets for ocean-based blue 

carbon. Although these targets each have high 

CO²-fixation and storage capacity, practices 

such as cascading use of biomass, use of 

biomass plastic and other biomass resources, 

use in animal feed and fertilizer use by resource 

recycling have not sufficiently progressed, 

while issues for trees include the depletion of 

natural forests and illegal logging in regions 

such as Southeast Asia. In this research 

project, we will undertake the development of 

sustainable biomass materials cultivation 

systems, from the biomass production for 

land-based green carbon and ocean-based 

blue carbon to the cascade utilization and the 

establishment of an overall resource cycle.

 Project 1
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Eco Energy

Development of Carbon Cultivation-Based Materials 

Development Technology

Biomass has enormous potential for replacing fossil resources.

In this research project, we will undertake development of various materials, with biomass as their 

raw material, to replace materials made from fossil resources. A particular aim is to design biomass 

materials with high environmental friendliness and develop chemicals. We will develop conversion 

technologies for cellulose, hemicellulose, and lignin, which are the main constituents of the plant 

biomass, such as rice and woody materials, 

at which this research is directed, to useful 

substances. We will also seek to develop 

conversion technologies for vegetable oils 

and fats extracted from biomass, directed at 

oil palms abundant in Southeast Asia as well 

as at algae biomass. With a view to the 

social implementation of these green 

products, we will accelerate research and 

development through industry-academia 

collaboration, and increase cooperation with 

emerging countries (especially ASEAN) 

having abundant unutilized resources that 

are targets of this research.

Development of Carbon Cultivation-Based Technologies for 

Producing Fuel
Hydrogen is expected to be the ultimate clean energy, 

since it produces only water during combustion; it can 

be produced, stored, and transported from diverse 

energy sources, including renewable energy; and it 

can be used for decarbonization in all kinds of 

sectors, including power, transportation, and heat 

and industrial processes. Currently, however, major 

hydrogen production technologies use fossil fuels, and 

the resulting CO² emissions are a critical challenge. For 

its social implementation, it will therefore be necessary 

to greatly reduce the cost of producing CO²-free 

hydrogen.

A medium- to long-term theme in carrying out the 

R&D for this research project will be to develop 

CO²-free hydrogen production processes with 

biomass as raw material, while a short- to 

medium-term theme will be to develop liquid fuel 

production processes making use of the same basic 

technologies as the long-term theme.

 Project 2

 Project 3
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Development of Technologies for Reducing Greenhouse Gases 

and Treating Wastes Generated in Carbon Cultivation

A key issue in biomass cultivation from the stand-

points of sustainability and environmental protection 

is the proper recycling of wastes generated in each 

of the technological processes. An aim of this 

research project will be to develop a co-fermenta-

tion technology that mixes difficult-to-recycle 

wastes from Projects 1, 2, and 3 with livestock 

industry wastes, and to establish an efficient meth-

ane recovery technology. We will further seek to 

develop technology that carbonizes methane 

fermentation residues, converting them to slow-re-

lease fertilizer, and to assess the effectiveness of this 

technology. Combining these underlying technolo-

gies, we will aim to develop sustainable systems 

based on the livestock industry and agriculture that 

are instrumental in accelerating the establishment of 

a “regional circular and ecological sphere”. 

Development of Evaluation Methods for Social Acceptability

In biomass production, processing, and use, resources 

circulate over a broad scope from rural to urban areas, 

and from inside to outside the nation. While some of 

these can be stockpiled, others cannot, which compli-

cates the social processes. A further issue is that in 

some cases, the processes involved in cascading use of 

biomass may lack economic rationality. On the basis of 

this background, the project will seek to devise methods 

to evaluate the social acceptability of the developed 

technologies, by back casting “carbon cultivation soci-

ety” in regard to local sustainability. Furthermore, in 

spreading Japanese technology to Asian countries with 

abundant biomass resources and creating a wide-area 

circular sphere that includes Japan, we will seek to clarify 

the issues faced by local communities in Asian countries, 

and to devise logics pertaining to the inevitability of the 

carbon cycle (cycle of food, energy, and people) in Asia. 

Based on these logics, we will build a regional circular 

sphere framework that leads to creation of new value. 

 Project 4

 Project 5
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Organizational Structure for Hub Administration

Lead Institution: 
Tokyo University of Agriculture and Technology

Trustee for 
Research

External Assessment 
CommitteePresident

Hub Administrative Organization

Promotion of integration and social implementation

Steering Committee

Project Leader Deputy Project Leader

Management Division

R&D Planning Committee Finance Committee Human Resources Development Committee

External Resources Committe Intellectual Property Management Committee

Social Cooperation Committee International Cooperation Committee

Project 1
Leader

Taiichiro Ookawa

Project 2
Leader

Makoto Yoshida

Project 3
Leader

Masayuki Inui

Project 4
Leader

Akihiko Terada

Project 5
Leader

Yuji Nagai

Participating 
Institutions 
Research 

Institutions

Cooperating 
Organizations

Municipalities

Corporations

Asahi Agria/Idemitsu Kosan/Yanmar Holdings/Electric Power Development 
(J-Power)/Astena Holdings/Chiyoda Corporation/Seibu Shinkin Bank/The America-Japan 
Society of Tama Tokyo/JA Fukushima Sakura/SONY GROUP CORPORATION
Fuchu City (Tokyo), 6 partner corporations/Toshiba/NEC/Suntory Spirits/Kewpie/
Tokyo Metropolitan Government/Nihonmatsu City, Fukushima Prefecture/Tomioka 
Town, Futaba District, Fukushima Prefecture/Study Group on Energy Crops in Nagawa 
Town

Hirono Town, Futaba District, Fukushima Prefecture/Tsugaru City, Aomori 
Prefecture/Taketomi Town, Yaeyama District, Okinawa Prefecture/Hirosaki City, Aomori 
Prefecture

Mitsubishi Chemical Corporation/TAIHEIYO CEMENT CORPORATION/Shikoku 
Instrumentation Co., Ltd./Tsugaru Biomass Power Generation/ Riket/AEON Agri Create/
FP Corporation/AEON/AEON Environmental Foundation/AEON RYUKYU Co., Ltd./
NEWGREEN CO., LTD./Nihon BioData Corporation/EnBio Engineering, Inc./AGC Inc./
TAIYO NIPPON SANSO CORPORATION/Japan Investment Adviser Co., Ltd./
Ohama farm/TAKAMINE SYUZOSHO Co., Ltd./digzyme,Inc/Sojitz Institute of Innovative 
Technologies,Ltd./Kosii Preserving Co., Ltd.

Hirosaki University/Nagaoka University of Technology/Waseda University/Institute of Science 
Tokyo/Ritsumeikan University/University of the Ryukyus/Ehime University/National 
Agriculture and Food Research Organization (NARO)/ Research Institute for Humanity and 
Nature/Tokyo Kasei Gakuin University/Engineering Academy of Japan/National Institute of 
Advanced Industrial Science and Technology (AIST)/Research Institute of Innovative 
Technology for the Earth/Forestry and Forest Products Research Institute/Japan Agency 
for Marine-Earth Science and Technology
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