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Under a memorandum of understanding on carbon recycling 
cooperation concluded between METI and counterpart agencies in 
the United States and Australia, the three sides agreed to bring 
together for the first time leading carbon recycling experts to 
exchange information regarding efforts to develop advanced 
technologies and promote international open innovation.

In addition, leading Japanese and foreign experts, representing 
industry, academia, and government, made presentations and 
participated in panel discussions on carbon recycling and utilizing 
carbon as a resource in thematic areas such as concrete/cement, 
fuel/chemicals, and R&D/investment. Approximately 2,800 people 

representing 32 countries and regions participated in the 
conference which confirmed future directions to promote the social 
implementation of carbon recycling technologies.

Japan released a progress report summarizing relevant activities 
carried out over the past year, including the formulation of its 
Green Growth Strategy Carbon Recycling Action Plan and the 
revision of its Carbon Recycling Technology Roadmap. Japan will 
continue its efforts to develop and demonstrate new technologies 
geared toward the social implementation of carbon recycling, 
while strengthening international collaborations in this area.

The purposes of this conference include disseminating 
information regarding Japan's efforts to pursue carbon recycling, a 
key technology for realizing global carbon neutrality, and 
providing global experts with a platform to exchange information 
regarding innovative carbon recycling activities and the latest 
knowledge in this field as well as discuss prospects for social 
implementation. The conference also aims to strengthen 
international collaborations between industry, academia and 
government,  and thereby accelerate the development of 
commercially viable technologies.

Hosts: METI, NEDOSource: METI website (https://www.meti.go.jp/press/2021/10/20211013002/ 20211013002.html)

Climate change is one of the most pressing issues facing the 
world. To effectively promote efforts to reduce CO₂ emissions, it is 
essential to accelerate transitions by utilizing a wide range of 
technologies and energy sources, taking into account diverse 
circumstances facing individual countries. Another common 
challenge is to develop and commercialize breakthrough 
innovations that can create a virtuous cycle between the economy 
and the environment and lead to new growth opportunities.

Japan has been promoting efforts to realize carbon neutrality on 
a global basis and achieve “Beyond Zero,” a concept which refers 
to reducing CO₂ emissions on a stock basis. As part of these 
efforts, Tokyo Beyond-Zero Week 2021, a series of international 

conferences addressing environmental issues, was held in October 
2021. METI and NEDO virtually hosted the Third International 
Conference on Carbon Recycling, the Fourth Hydrogen Energy 
Ministerial Meeting, and the Eighth Innovation for Cool Earth 
Forum (ICEF). A wide range of discussions took place at these 
meetings regarding how best to realize the Beyond Zero goal, with 
concrete roadmaps presented for the world’s consideration. In line 
with cross-sectoral discussions on topics such as realizing green 
growth in Asia, Japan will continue to work toward the realization 
of global carbon neutrality by sharing technological expertise in 
fields where it is a world leader and by providing platforms to 
foster international discussions and collaborations.

Focus NEDO 84 features a special report entitled 
“Pathways To Realizing Resource-circulating Society” 
which provides information in an easy-to-understand 
manner regarding R&D activities and demonstration 
testing on recycling technologies aimed at reducing 
increases in CO₂ emissions. Although various materials 
are already being recycled, CO₂ emissions continue to 
increase and the earth’s air temperature is rising faster 
than expected. During the preparation of this issue, it 
became possible to envision a recycling-oriented world 
where recycling activities are common in daily life. 
Information on the new website for NEDO’s Green 
Innovation Fund, established to support carbon neutrali-
ty efforts, can be found on the back cover.

A Few Words from the Editor

Report on Tokyo 
Beyond-Zero Week 
2021

Third International Conference 
on Carbon Recycling

https://carbon-recycling
2021.go.jp/en/movie/

Video of the 
conference:

https://carbon-recycling
2021.go.jp/en

Conference website:

Tokyo Beyond-Zero Week 2021

Over five days, a wide range of discussions and 
information exchanges took place during eight international conferences 
aimed at realizing carbon neutrality. 
In this section, we summarize the main conference outcomes.

From Japan to the World !

Held on October 4-8, 2021

Hosted by Ministry of Economy, Trade and 
Industry (METI) and NEDO
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Questionnaire

Please let us 
hear your views!

We welcome your feedback and opinions 
on the content and technologies introduced 
in this magazine. Your feedback will be 
used for reference purposes in our future 
public relations activities and magazine 
publications. We look forward to hearing 
from you!

Reporting on Today and Tomorrow’s Energy, Environmental, 
and Industrial Technologies
“Focus NEDO” is the public relations magazine of the New Energy 
and Industry Technology Development Organization (NEDO), 
introducing the public to NEDO’s various projects and 
technology development activities related to energy, environmental, 
and industrial technologies.

Note: To prevent the spread of COVID-19, persons appearing in photos wore 
facial coverings except during the time photos were taken.
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Held online on October 4
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Leaders representing research institutes 
working on clean energy issues in G20 
members participated in this meeting where 
a Leaders Statement was adopted that 
recognizes the importance of intellectual 
property and calls for the promotion of 
international joint research and building 
human resource capacity

Leaders from industry and finance 
discussed challenges facing the TCFD 
and its future directions in order to 
implement TCFD recommendations for 
accelerating the realization of a virtuous 
cycle between environmental protection 
and economic growth.

To simultaneously realize economic 
g ro w t h  a n d  c a r b o n  n e u t r a l i t y  i n  
developing countries, particularly in Asia, 
participants at this meeting exchanged 
views regarding the need to accelerate 
realistic and diverse energy transitions 
and provide financing to support such 
transitions.

Representat ives of governments, 
companies, and organizations involved 
with the use of fuel ammonia participated 
in this virtual conference to promote 
international cooperation and discuss 
efforts to expand the supply and demand 
for fuel ammonia, which is effective in 
combating global warming.

Liquefied natural gas (LNG) has been a 
s tab le  energy  supp ly  source  tha t  
supports global sustainable growth. This 
year’s conference deepened discussions 
on the increasingly important role of LNG 
and its clean use and confirmed the need 
f o r  f u r t he r  coope ra t i on  be tween  
producers and consumers.

With hydrogen expected to become a major alternative to fossil 
fuels as a source of energy, this year’s meeting was attended by 
representatives from 29 countries, regions, and international 
organizations, including 18 ministers. Government officials and 
representatives from various companies exchanged information on 
the increasing number of global hydrogen-related initiatives and 
discussed future challenges and policy directions.

About 3,200 people participated in the virtual conference, which 
consisted of ministerial and private sector sessions. In the 
ministerial session, Dr. Fatih Birol, Executive Director of the 
International Energy Agency, provided a keynote speech. 
Representatives from participating countries, regions, and 
international organizations then engaged in discussions regarding a 
study of hydrogen production potential, the status of national 

hydrogen projects, and systems/regulations needed to facilitate 
trade in hydrogen products. 

The private sector session featured presentations by corporate 
and community leaders working on issues related to the supply and 
utilization of hydrogen such as hydrogen supply chains, advanced 
models for regional hydrogen ecosystems, fuel cell modules, and 
water electrolysis. Following these presentations, vigorous 
discussions took place regarding the latest global trends and 
prospects for expanding the use of hydrogen.

The world’s first Hydrogen Energy Ministerial Meeting was 
held in Japan in 2018 as a forum to promote the global utilization 
of hydrogen-based energy sources and foster greater international 
collaboration. With the aim of further strengthening international 
collaborations and enhancing global momentum toward the 
creation of a hydrogen-based society, participants at this year’s 
virtual meeting exchanged information regarding efforts in their 
respective countries to promote the utilization of hydrogen.

Under the theme of “Pathways to Carbon Neutrality by 2050: 
Accelerating the Pace of Global Decarbonization,” more than 
2,000 participants from 87 countries and regions registered for the 
eighth session of ICEF, hosted by METI and NEDO, to discuss the 
importance of innovation in addressing climate change issues. For 
the 2021 meeting, young people under the age of 35, who in 2050 
will play central roles in society, participated in each session. 
Focusing on concrete measures to realize carbon neutrality in 
2050, a wide range of views were exchanged from the perspectives 
of stakeholders, governments, companies, and individual 
representatives.

At the ICEF side event, the NEDO Frontier and Moonshot 
Technology Department organized a symposium where discussion 
took place regarding future prospects for direct air capture 
technology and the effective utilization of CO₂. Discussions also 
focused on the importance of diverse pathways to meet the needs 
of each country and region, as well  as the prospects for 
development and commercialization in five areas of technology. 
The forum concluded with the adoption of the ICEF Statement 
which summarizes discussion outcomes.

ICEF is held every year in Tokyo as a platform for world 
leaders to meet and discuss measures to address climate change 
through technological innovation. The forum features discussions 
among experts from the private sector, academia, and government, 
as well as presentations provided by specialists. ICEF strives to 
provide information about innovative energy and environmental 
technologies not only to forum participants but also to a wider 
global audience.

Hosts: METI, NEDO Hosts: METI, NEDO

Source: METI website（https://www.meti.go.jp/press/2021/10/20211013002/ 20211013002.html） Source: METI website（https://www.meti.go.jp/press/2021/10/20211013002/ 20211013002.html）

Tenth LNG Producer-Consumer Conference

https://hem-2021.nedo.
go.jp/_en/archive/

Video of the 
meeting:

https://www.youtube.
com/channel/UC7ouN
L9NbvDomDTfiubi8iw

Video of the 
forum:

Tokyo Beyond-Zero Week 2021

Eighth Innovation for 
Cool Earth Forum (ICEF)

Fourth Hydrogen Energy 
Ministerial Meeting

Held online on October 6-7

https://www.icef.go.jp/program/

Forum website:

First Asia Green Growth 
Partnership Ministerial Meeting

https://www.aggpm2021.org/english/
Meeting website:

https://tcfd-summit.go.jp/indexEn.html
Summit website:

https://www.lng-conference.org/english/
Conference website:

https://icfa2021.com/en/
Conference website:

https://rd20.aist.go.jp/
Meeting website:

Held online on October 4

https://hem-2021.nedo.
go.jp/_en/

Meeting website:
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First International Conference on Fuel Ammonia Third Task Force on Climate-related 
Financial Disclosures (TCFD) Summit

Third Research and Development 20 for Clean 
Energy Technologies (RD20) (Leader’ s Session)
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Carbon recycling technology reduces CO₂ emissions into the 
atmosphere by separating, recovering, and reusing CO₂ emitted 
from thermal power plants and factories. In Japan’s Green Growth 
Strategy Through Achieving Carbon Neutrality in 2050, announced 
in June 2021, carbon recycling is positioned as a key technology 
toward realizing carbon-neutrality and expectations for its 
utilization are high.

Dr. ARAKAWA Jun, Chief Officer in the NEDO Environment 
Department’s Advanced Thermal Power and CCUS Group says, 
“In order to realize carbon neutrality, our first priority is to reduce 
CO₂ emissions resulting from the combustion of fossil-based 
energy sources. However, i t  remains difficult  to replace 
fossil-based energy sources with renewable and hydrogen-based 
energy sources alone, so it is essential to develop technology that 
captures CO₂ and uses it effectively as a resource while reducing 
CO₂ emissions.”

NEDO has been promoting the development of a wide range of 
carbon recycling technologies and is carrying out basic research, 
technology development, and demonstration testing. It has also 
established demonstration research centers for the realization of 
technologies in the fields of chemical products, including 
commodity and functional chemicals, liquid and gas fuels, such as 
biofuels and synthetic fuels, and minerals, such as concrete, 
cement, and carbonates.

Dr. Arakawa adds, “Chemical products require hydrogen but can 
be used for the production of high value-added products while 
fixating CO₂. Fuels present the challenge of generating CO₂ during 
their combustion, but potential in this area is high due to the large 
market size and the great advantage of being able to use existing 
infrastructure. Mineral products are expected to be commercialized 
at an early stage because they can be used for long-term fixation 
and do not require hydrogen, although it is a challenge to collect 
and efficiently separate the active components for CO₂ fixation. In 
any case, we would like to accelerate development efforts while 
assessing market needs, the maturity of the technology, and the 

potential for reducing CO₂ emissions.”

In fiscal year 2021, NEDO is strengthening its efforts by 
addressing additional themes related to carbon recycling research 
and technology development.

Dr. Arakawa says, “We don't know what kinds of technology 
will lead to breakthroughs so, at this stage, NEDO is focused on 
increasing the number of  opt ions and pursuing various 
possibilities. We can’t afford to take a leisurely approach if we 
want technologies to become widely adopted from around 2030 
and it’s important to commercialize promising technologies as 
early as possible.”

The main issue for commercialization is cost, but NEDO is 
working to improve production efficiency, stability, and quality, 
while developing the entire production process so that energy 
consumption and CO₂ emissions are kept to a minimum. Another 

chal lenge is  to  consider  how products  created by these 
technologies can be used in related industries.

Dr. Arakawa notes, “To do this, it is necessary to conduct 
research and create business models, asking questions about the 
business scheme, the type of technology, who will use it, and how 
it should be commercialized. We are looking at many angles, 
including technology, business potential, market acceptance, and 
the possibility of collaborations between industries.”

Carbon neutrality cannot be realized by ordinary efforts. In order 
to convert CO₂ into useful materials, it is important to not only 
develop technologies for converting CO₂ into products, but also 
develop technologies for separating and recovering CO₂ from 
exhaust gas and the atmosphere, develop technologies for 
transporting CO₂, and carry out research on basic technologies. 
With this in mind, NEDO is exploring every avenue with a view 
toward creating a sustainable society that does not rely on the 
extraction of fossil-based energy sources.

Reducing CO2 emissions and promoting 
reuse of CO2 as resource Exploring Wide Range of Technologies for 

Realization of Resource-circulating Society

Developing Carbon Recycling Technology 
for Realization of Carbon-neutral Economy

Aiming to reduce CO₂ emissions by recycling CO₂ 
into wide range of materials and fuels

Chief Officer and Project Manager
Advanced Thermal Power and 
CCUS Group
NEDO Environment Department

Dr. ARAKAWA Jun

Carbon Recycling/Nitrogen Circulation/
Ammonia Power Generation/Plastic Recycling

Pathways To Realizing 
Resource-circulating Society
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Toward the expansion of carbon recycling

Phase 1 Phase 2 Phase 3

Present 2030 2040 onwards

Further reductions in CO₂ emissions

Chemical products (e.g., polycarbonates)

e.g., polycarbonates e.g., biojet fuels e.g., road curb blocks

Technologies not requiring hydrogen and/or 
high-value-added products will be commercialized first

Expansion into commodity markets with robust demand

Hydrogen

CO₂ capture technology Reducing costs Less than 1/4 of current cost

JPY 20/Nm³ (cost at delivery site)

Reducing costs to around 1/8th to 1/16th of current levels.

Reducing costs to around 1/3rd to 1/5th of current levels.

Chemical products (e.g., polycarbonates)

Fuels (e.g., biojet fuels)

Minerals (e.g., road curb blocks)

Commodity chemical products
 (e.g., olefins, benzene, toluene, xylene)

Gas and liquid fuels (e.g., methane, synthetic fuels)

Minerals (e.g., general-purpose concrete products)

Chemical products

Expected to become widely adopted by around 2030

High levels of consumption expected from around 2030

Expected to become widely adopted by around 2040

Source: METI Roadmap for Carbon Recycling Technologies

Carbon Recycling/Nitrogen Circulation/Ammonia Power Generation/Plastic Recycling Pathways To Realizing Resource-circulating Society

NEDO is promoting the development of technologies to realize 
a wide range of resource circulation, including carbon 
recycling, which utilizes CO₂ as a resource, and the reuse of 
plastic waste and reactive nitrogen in the environment, with 
the aim of creating a true recycling-oriented society that does 
not place burdens on the environment.

In addition, NEDO is working to create a virtuous cycle of 
environmental protection and economic growth through a 
strategic approach and thereby contribute to the creation of a 
sustainable society.

Resources

ProductionReuse

Consumption

▶ Pursuing research, technology 
development, and demonstrations that 
contribute to carbon recycling

▶ Placing particular emphasis on 
technologies that do not require hydrogen 
and for producing high value-added 
products expected to become widely 
adopted from around 2030.

▶ Pursuing cost reductions for technologies expected 
to become widely adopted from around 2030

▶ For technologies expected to become widely 
adopted after 2040 (assuming inexpensive hydrogen 
is available), placing emphasis on producing 
technologies for robust-demand general-purpose 
commodities.

▶ Pursuing further cost reductions

Fuels (e.g., biojet fuels)

Minerals (e.g., concrete road barriers)

Fuels Minerals/concrete products
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Methanation, a process where methane is synthesized from CO₂ 
and hydrogen, is a carbon recycling technology that reuses CO₂ as 
a “carbon resource.”

NEDO conducted research, testing, and follow-up studies on 
methanation technology and its commercial potential in the 
2016-2017 Feasibility Study on CO₂ Utilization and has evaluated 
the demonstration of the technology conducted under the 
2017-2021 Development of CO₂ Utilization Project.

Dr. WAKAYAMA Tatsuki, Project General Manager in the 
Renewable Energy & New Business Division of INPEX 
Corporation,  the company in charge of carrying out the 
demonstration project, comments on the project results thus far, 
“Until 2021, methane was produced under the project at our 
Koshijihara plant by synthesizing CO₂ emitted during the natural 
gas production process together with hydrogen produced by water 
electrolysis. We successfully concluded the project after realizing 
all our original targets, including a synthetic methane production 
capacity of 8 Nm³/h, a synthetic methane concentration of 96% or 
higher, and a heat recovery rate of 85% or higher.”

Based on these project results, from fiscal year 2021 technology 
will be developed by fiscal year 2025 to produce synthetic methane 

using CO₂ recovered from the INPEX Nagaoka plant.

Dr. Wakayama explains, “The methanation process can produce 
one part of methane for one part of CO₂, so it is a technology that 
can reduce CO₂ in proportion to the amount of CO₂ introduced, 
which will greatly contribute to CO₂ reductions.” Dr. ARAKAWA 
Jun, Chief Officer in the NEDO Environment Department’s 
Advanced Thermal Power and CCUS Group emphasizes the 
prospects for widespread adoption of this technology, “The gas 
produced by this technology has almost the same composition as 
natural gas so a big advantage of using this technology is that 
existing infrastructure such as city gas pipelines and facilities can 
be utilized.”

Given the Japanese government’s goal of reducing greenhouse 
gas emissions to net zero by 2050, methanation will play an 
important rule since it uses power from renewable energy sources 
to convert CO₂ generated by thermal power generation and CO₂ 
associated with natural gas into methane.

NEDO will  continue working with INPEX on the CO₂  
methanation system demonstration project to realize carbon-neutral 
natural gas, focusing on the development of technologies for 
commercialization, such as those aimed at reducing the production 
cost of synthetic methane and scaling up methanation facilities.

The national roadmap for the commercialization of methanation 
technology aims for a production rate of 60,000 Nm³/h after 2030, 
a rate 7500 times higher than the current rate of 8 Nm³/h. As the 
next step for the demonstration project that started in 2021, a 
synthetic methane production rate of about 400 Nm³/h is being 
targeted, which, at present, is one of the highest rates in the world.

Regarding the significance of this NEDO project, Dr. Wakayama 
says, “Carbon recycling is a key issue for INPEX, and we are 
grateful for NEDO’s support and the opportunity to participate in 
efforts to realize a sustainable society.” 

Dr. Wakayama also points out that reducing the cost associated 
with this technology is a future challenge and says, “To produce 
methane from CO₂, four hydrogen molecules are required for each 
carbon molecule. So, for example, if we use hydrogen priced at 25 
yen per Nm³ made from renewable electricity priced at 5 yen per 
kW/h, the price of synthetic methane will increase fourfold to 100 
yen. To make this a viable business proposition, we believe it is 

essential to collaborate with other projects and secure low-cost 
renewable electric power and hydrogen.”

Dr. Wakayama notes that one of the project goals is to improve 
the accuracy of  feasibi l i ty  s tudies  to  a  level  where the 
commercialization costs can be estimated. Dr. Arakawa expresses 
his aspirations for early commercialization of project results, “For 
this project, we are also considering mixing synthetic methane with 
natural gas and supplying it to consumers while confirming its 
quality.”

Methanation offers big advantage since it can be 
used with existing infrastructure

Large-scale demonstration project launched to 
realize significant cost reductions

Demonstrating Powerful  Methanation Technology 
to Capture and Utilize CO2

Panoramic view of Koshijihara plant at INPEX Nagaoka field office

Demonstration site for Methanation

Methanation (8Nm³-CO₂/h) testing facility (photo taken end of August 2019)

Chief Officer and Project Manager
Advanced Thermal Power and 
CCUS Group
NEDO Environment Department

Dr. ARAKAWA Jun 
(left)

Project General Manager
Renewable Energy & 
New Business Division 
INPEX Corporation

Dr. WAKAYAMA Tatsuki
(right)

Developing large-scale system to realize early adoption of methanation technology 
that recycles CO₂ into natural gas
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Methanation offers big advantage since it can be used with existing natural 
gas infrastructure

Illustration of methanation business model

CO₂ methanation 
system

Existing natural gas 
pipeline

Network supply 
system for 
low-carbon 
energy

Renewable-based 
hydrogen

Renewable-based 
methane

Renewable-based 
methane

Natural gas

Natural gas

Renewable-based 
methane

CO₂ from oil/
gas field

High-concentration CO₂ 
emissions source 
(e.g., thermal power plant)

CO₂ emissions reduced by replacing same 
amount of natural gas-based methane with 
renewable hydrogen-based methane

Renewable energy

Carbon Recycling/Nitrogen Circulation/Ammonia Power Generation/Plastic Recycling Pathways To Realizing Resource-circulating Society
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Conventional concrete is made by mixing sand or gravel with 
cement, which reacts with water to harden, but cement, the main 
ingredient, emits a large amount of CO₂ during its production.

In 2008, KAJIMA Corporation’s Technical Research Institute 
began development of CO₂-SUICOM, a new type of concrete that 
absorbs and solidifies CO₂. By replacing part of the cement with a 
special admixture (γC₂S: dicalcium silicate γ phase) that reacts 
with CO₂ and hardens, a significant reduction in CO₂ emissions 
during cement production has been achieved. In addition, by 
curing the concrete using this admixture in a highly concentrated 
CO₂ environment (a process known as carbonation curing), 
technology has been realized to absorb large amounts of CO₂.

Dr. TORICHIGAI Takeshi of KAJIMA Corporation, who has 
been working on the development of CO₂-SUICOM notes, “The 
development of CO₂-SUICOM had come to an end in 2018, but 
with the recent increase in momentum for carbon recycling, we 
have seen a sharp increase in product inquiries.”

Although CO₂-SUICOM has been commercialized, it takes time 

to absorb CO₂, thereby resulting in higher costs. In addition, its use 
has been limited to precast products that do not use steel-reinforced 
bars, such as building foundations and blocks for parking lots and 
roads, due to the possibility of carbonation causing corrosion in 

steel bars and the need to absorb CO₂ indoors. In order to realize 
concrete with a wider range of commercial applications, KAJIMA 
was selected for the NEDO project Development of Technologies 
for CO₂ Utilization at the R&D and Demonstration Base.

To realize large-scale carbon recycling using concrete, it is 
essential to develop concrete products for a wide range of large 
structures, such as buildings, dams, and bridges. In this project, 
work is being carried out on the development of reinforced precast 
products using efficient CO₂-use concrete  and R&D is taking 
place on technology for on-site concrete casting applications. In 
fiscal year 2022, large-scale outdoor testing will be conducted at 
the R&D and demonstration base for carbon recycling technologies 
in Osakikamijima, Hiroshima Prefecture, and technology 
development will take place on lower-cost admixtures, alternatives 
to steel-reinforced bars, and protective coatings to prevent 
corrosion.

Dr. Torichigai says, “The current challenge is how to accelerate 
the absorption of CO₂ by concrete. If the absorption speed can be 
increased, this will lead to cost reduction. In addition, it is essential 
to connect with a wide range of companies outside the concrete 
industry, such as facilities construction and gas supply companies.”

NEDO Chief Officer and Project Manager TOSHIMA Masatake 

voices his hopes for the project, “This technology, which can 
directly absorb a large volume of CO₂, is a promising area for 
carbon recycling. NEDO will continue to support this project in the 
expectation of its near-term commercialization.”

Dr. Torichigai says, “I believe there is widespread support these 
days for balancing economic growth with environmental 
protection. My hope is to create a world where it is natural for 
concrete, a material used everywhere with a large market, to 
absorb CO₂. To make this happen, it is necessary to reduce costs, 
but it is also important to emphasize the product’s added value of 
being both functional and beneficial for the environment.”

Reducing CO2 emissions during production and 
absorbing CO2 at same time Cost reduction and outdoor curing technology key to 

expansion of on-site concrete casting applications

Chief Officer and Project Manager
Advanced Thermal Power and 
CCUS Group
NEDO Environment Department

TOSHIMA Masatake

Working to Expand Use of 
CO2-absorbing  Concrete

Realizing below-zero CO₂ emissions for first time in the world by reducing 
usage of cement and absorbing/fixating CO₂.

Carbonation curing chamber used to evaluate CO₂ absorption 
speeds when variables such as materials employed, CO₂ 
concentration, humidity, and temperature, are changed.

Samples of CO₂-SUICOM made for various applications, such as parking lot paving blocks, 
road barrier blocks, and tetrapods for wave dissipation.

Chief Research Engineer
Concrete and Construction Materials Group
Kajima Technical Research Institute KAJIMA Corporation

Dr. TORICHIGAI Takeshi (left)

Aiming to expand use in buildings and other large-scale structures of 
pathbreaking concrete that absorbs CO₂
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Illustration of CO₂-SUICOM

Carbon Recycling/Nitrogen Circulation/Ammonia Power Generation/Plastic Recycling Pathways To Realizing Resource-circulating Society

Steelworks Cement plant

Blast furnace 
slag Coal ash

Significant reduction 
in cement usage

Fixing large amount 
of CO₂

Cement Special admixture (γC₂S)

By-product 
slaked lime

Chemical plantThermal power plant
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Many nitrogen compounds used as fertilizers for agricultural 
crops remain in the natural environment (e.g., in soil, rivers and 
oceans) while nitrogen oxides (NOx) contained in the exhaust 
emitted by automobiles and thermal power plants are released into 
the atmosphere as pollutants. For example, nitrate ions (NO₃-) that 
degrade water quality, NOx that causes air pollution, and 
dinitrogen mono-oxides (N₂O) that impact global warming more 
than CO₂, are discharged into the environment and result in the 
eutrophication of wetlands and ocean areas. There are also 
concerns about the impacts of these nitrogen compounds on acid 
rain and climate change.

Planetary Boundary* studies indicate that the amount of reactive 
nitrogen resulting from anthropogenic activities already exceeds 
the limit of nature’s capacity to absorb and detoxify it. Since it is 
important that this limit not be exceeded in the future, NEDO has 
been engaged in promoting state-of-the-art  research on 
technologies to tackle the challenge of capturing low-concentration 
reactive nitrogen found in exhaust gas and wastewater and then 
utilizing the captured nitrogen compounds as useful materials.

SANO Toru, a Director in the NEDO Environment Department, 
explains, “Currently, energy is used to capture reactive nitrogen 
found in exhaust gas and wastewater, which is then detoxified and 
released into the environment. A large amount of energy is required 

to produce ammonia for denitrification and energy has also been 
used for detoxification processes. Our aim is to develop 
game-changing technology to detoxify the nitrogen or to convert 
nitrogen into useful materials using as little energy as possible.”

Up to July 2021, NEDO has been focusing on two areas related 
to nitrogen circulation. The first area concerns technology for 
enriching reactive nitrogen taken from industrial wastewater and 
utilizing it as a useful material. The second area concerns the 
development of an ammonia generation process using NOx 
obtained from combustion exhaust.

As for reactive nitrogen compounds found in industrial 
wastewater, NEDO has been pursuing R&D to: reduce energy 
usage and convert almost all of these compounds into ammonia 
ions, reduce the generation of N₂O, and convert the nitrogen into 
useful materials. The R&D work has also narrowed down the 
number of candidate microorganisms for the efficient treatment of 
wastewater. In addition, crushing/mixing technologies for sludge 
recycling have been examined and sludge volume has been 
successfully reduced by 56%.

NEDO has also been pursuing research on using catalysts for the 
energy-efficient conversion of NOx found in combustion exhaust 
gas to NH3, a useful material.

There are two NH3 conversion methods, both of which offer 
good results. First, there is the one-step NOx-to-ammonia (NTA) 
method and second, there is another method that involves two 
steps.

Director Sano describes the state-of-the-art research, “NEDO’s 
involvement has enabled a wide range of researchers to collaborate 
and make the most of their respective specialties. We have been 
able to make steady progress by exchanging information and 
receiving input from experts.”
 

Sano also recalls challenges facing project management and the 
ultimate positive project outcome, “There was a time during the 
COVID-19 pandemic when we couldn’t even use the research labs, 
so we had to devise ways to work online and secure places to carry 
out the project. In the end, though, we were able to meet our goals 
and it was well worth the effort.”

Afterwards, the project results will be transferred to the 
Moonshot R&D Program, and bench-scale testing demonstrations 
are planned.

As for future work, Sano says, “We’ve discovered about nine 
promising microbial candidates, so we need to investigate better 
control conditions of them. We’ve also achieved the target 
performance for the catalyst to convert exhaust gas to NH₃ at 
ambient pressure and low temperature, so now we need to examine 
whether the one-step or two-step method is superior.”

NEDO is aiming for a future in which nitrogen can be recycled 
in the same way as water and carbon. We are working on leading 
research into the elemental technologies needed to achieve this and 
hope to develop a system that produces a good resource circulation 
system as a whole.

Rethinking energy and cost required to 
detoxify nitrogen compounds

Aiming for future where nitrogen can be recycled 
in same way as water or carbon
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Developing Breakthrough Technologies to Convert 
 Reactive Nitrogen  into Useful Materials

※The term planetary boundary refers to limits established in nine environmental areas to ensure the continued development and prosperity of human society. 
Exceeding these limits will cause irreversible changes to the natural resources upon which humans depend.

Research underway to convert harmful nitrogen compounds 
contained in exhaust gas and wastewater into useful materials 
without using significant amounts of energy.

Director
NEDO Environment 
Department

SANO Toru

Carbon Recycling/Nitrogen Circulation/Ammonia Power Generation/Plastic Recycling Pathways To Realizing Resource-circulating Society
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Major sources for the generation and emission of reactive nitrogen in Japan (unit: thousand tons-N/year)

Sources: NOx, NH₃, and NO₃ emissions calculated from data in 2019 NEDO-commissioned study, “Current Status of Reactive Nitrogen Emissions and Future Prospects for Market Creation through 
Nitrogen Resource Recycling Research Report.” N₂O emissions calculated by converting data in “FY2017 Greenhouse Gas Emissions” (Ministry of the Environment website) into nitrogen amounts.
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Future vision for nitrogen circulation

Recycling nitrogen-based resources while conserving energy
Moving from “detoxification” to “resource circulation” 
of nitrogen-based harmful substances (e.g., NOx) 
Aiming for circulation of nitrogen-based resources that 
also contribute to reduction of greenhouse gas emissions
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Ammonia, which can transport and store hydrogen efficiently at 
low cost, is expected to play a role not only as an energy carrier 
but also as a fuel for thermal power generation that does not 
generate CO₂ emissions during combustion.

In July 2021, NEDO launched a demonstration project to realize 
ammonia co-firing technology at a large commercial coal-fired 
power plant.

NEDO Chief Officer Dr. SONOYAMA Nozomu explains the 
significance of this project as follows, “Ammonia, which does not 
emit CO₂ during combustion, is one of the most important 
substances for the realization of a carbon-neutral society. This 
project aims to realize technology to use ammonia as a fuel for 
coal-fired power plants by developing basic technologies and 
conducting demonstration research.”

Ammonia is widely used around the world as a raw material for 
fertilizers and as a basic raw material in the Japanese chemical 
industry, and its production, transportation, storage technologies 
and safety measures have been realized at a practical level. Even 
when ammonia is co-fired in a boiler for thermal power generation, 
i t  can be accommodated by converting the burners,  thus 

minimizing initial investment costs and reducing CO₂ emissions.

ICHIRYU Masaki, General Manager of the Decarbonization 
Engineering Unit, O&M Engineering Department at JERA Co., 
Inc., which is carrying out the project, explains the project’s plans 
and progress to date, “Specifically, our goal is to achieve 20% 
ammonia co-firing in our coal-fired power generation with an 
output of 1 million kW by 2024.

In addition, to ensure 20% ammonia co-firing, we are currently 
conducting small-scale ammonia co-firing tests using burners of 

different materials at Unit 5 of our Hekinan Thermal Power Station 
to study the conditions of the demonstration burners.”

For the first time ever, this demonstration project will co-fire a 
large amount of ammonia in a large-scale commercial coal-fired 
power plant.

I c h i r y u  e x p l a i n s  t h e  m e r i t s  o f  t h e  N E D O  p r o j e c t ,  
“Demonstration research using actual commercial facilities poses 
challenges that are difficult for a single company to overcome. By 
participating in the NEDO project, however, we can work together 
with partners and this will make it easier to form consensus and 
accelerate progress toward commercialization.”

If all coal-fired power plants owned by major Japanese power 
companies were to co-fire using 20% ammonia, they could reduce 
CO₂ emissions by about 40 million tons per year.

Since CO₂ emissions from thermal power generation account for 
about 40% of total CO₂ emissions in Japan, one way to achieve 
carbon neutrality is ammonia co-firing and, beyond that, dedicated 
ammonia firing. Ichiryu expresses his hope for future progress, 
“We will start at 20% and evaluate the impacts on the thermal 
power plant as well as on environmental considerations related to 
exhaust gas, and then gradually increase the ammonia co-firing 
rate. In the future, we will also conduct research with a view to 
exclusively using ammonia as the fuel.”

One issue concerns how best to control NOx generated during 
ammonia combustion, but leading research indicates that this issue 
can be addressed.

Rather, the major challenge in utilizing ammonia as a fuel has 
been procuring a stable supply of ammonia.

Chief Officer Sonoyama notes, “The biggest issue is on the 
supply side,” while Ichiryu adds, “Even with 20% co-firing, we 
will need about 500,000 tons a year. However, since 1 million tons 
of ammonia are currently consumed in Japan, even at the 
demonstration testing stage, we would be using half of that on an 
annual basis. Procuring ammonia for fuel is therefore vital to make 
this a viable business in the future.”

Ichiryu notes his current goals include completion of the 20% 
demonstration testing, collecting/evaluating data, and then moving 
on to consider next steps. He says enthusiastically, “Reducing CO₂ 
emissions is a major issue for our company, which is mainly 
engaged in thermal power generation. We have been reducing the 
use of fossil fuels by improving the thermal efficiency of our 
power plants, but we would like to focus our efforts on the new 
goal of exclusively using ammonia as a fuel.”

Aiming for 20% ammonia co-firing at 
1 million kW coal-fired power generation

Future challenges include building supply chains 
and reducing costs

Chief Officer and Project Manager
Advanced Thermal Power and 
CCUS Group
NEDO Environment Department

Dr. SONOYAMA Nozomu

Hekinan Thermal Power Station located at Hekinan City, Aichi Prefecture, 
where demonstration testing will be conducted.

Using CO2-free  Ammonia 
Fuel in Thermal Power Generation
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Using ammonia fuel to significantly reduce CO₂ emissions 
from coal-fired power plants

General Manager
Decarbonization Engineering Unit
O&M Engineering Department
JERA Co., Inc.

ICHIRYU Masaki

Carbon Recycling/Nitrogen Circulation/Ammonia Power Generation/Plastic Recycling Pathways To Realizing Resource-circulating Society

Boiler for power generation

Cutting-edge research confirms 
that characteristics observed 
when burning coal alone are 
same as those observed when 
20% ammonia is co-fired using 
multi-burners.

To stack

Combustion gas

Burners
(All 48 to be modified)

To steam turbine

Steam line

Outline Diagram of Ammonia Co-firing Burner
(Existing Burners to be Partially Modified)

Ammonia

Pulverized coal + 
primary air

Outline of Boiler and Modified Burners
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NEDO is promoting a 3R project to create a highly efficient 
resource recycling system for waste metals, plastics and aluminum 
reclaimed during urban mining* activities with the aim of realizing 
resource circulation.

In this context, China, which has been importing plastic waste 
from Japan and other developed countries, has recently tightened 
its restrictions on such imports. Other Asian countries, such as 
Thailand and Vietnam, have also tightened import restrictions, 
stating they cannot properly process plastic waste. In addition, 
marine plastic waste has become a major global problem that has 
been addressed by the G7 and G20.

In Japan, the National Action Plan for Marine Plastic Litter and 
the Resource Circulation Strategy for Plastics were announced in 
2019 and include the goal of reusing all plastic waste through 
recycling efforts by 2035. Against this background, there is an 
urgent need to develop technologies for the appropriate treatment 
and effective utilization of plastic resources, including exported 
plastic waste.

In fiscal year 2020, NEDO launched a project called Innovative 
Plastic Resource Circulation Process Technology Development. 
NEDO is collaborating with other entities to develop technologies 
in the following four areas: sorting and recycling (SR), which uses 
artificial intelligence and other technologies to sort and recycle 
plastic waste according to the most appropriate treatment method; 
material recycling (MR), which recycles plastic waste into original 
plastic materials; chemical recycling (CR), which decomposes 
plastic waste and converts it into petrochemical raw materials; and 
energy recovery (ER), which recovers and reuses plastic waste as 
energy after its incineration. Through ongoing activities and the 
use of MR and CR technologies under development, targets 
include utilizing 60% of plastic waste and eliminating exports by 
2030 and eliminating the use of incineration and landfills for 
plastics disposal by 2035.

In Japan, the system to sort and recycle plastic waste has been 
established to a certain extent by the Law for the Promotion of 
Effective Utilization of Resources and the Containers and 
Packaging Recycling Law, but there are still many issues to be 
addressed regarding the use of plastic waste in MR and CR 
technologies. MR technologies make it easy to reproduce original 
products and offer a large advantage in terms of cost, but there is 

the problem of deterioration of strength during the product’s 
reprocessing stage. Although the development of CR technologies 
is expected to follow MR technologies, chemicals can be difficult 
to decompose and recover if chlorine components or paper are 
mixed in.

Another major challenge in sorting plastic waste is the sorting of 
borderline materials for which both technologies can be used. 
IMANISHI Daisuke, Director and Project Manager in the NEDO 
Environment Department says, “It is important to expand the range 
of materials that can be handled by each technology while 
considering how to efficiently sort them. In addition, the final stage 
of ER technologies is undergoing development aimed at utilizing 

cold heat, but in the future, it would be ideal to reduce ER while 
making maximum use of MR and CR.”

PM Imanishi emphasizes the need to set aggressive goals to 
move from the current experimental stage to commercialization by 
2030 and then realize carbon neutrality by 2050, “As individuals, 
we are all responsible for the global environment. If each of us is 
aware that plastic is a valuable resource and we do not rely solely 
on technology for solutions, societal burdens can be reduced. For 
this reason, we are asking project participants to actively promote 
their achievements and NEDO would also like to provide 
oppor tuni t ies  for  the  publ ic  to  become aware  of  these  
achievements.”

Establishing four recycling systems 
with aim of eliminating incineration, 
landfill disposal, and export of plastic waste

Efficient sorting methods and recycling technology 
developed according to type of plastic are essential

Director and Project Manager
NEDO Environment 
Department

IMANISHI Daisuke

Example of general plastic waste. Waste is sorted and 
recycled in most appropriate manner.

※Urban mining refers to the process of reclaiming useful metal resources 
from used products and waste materials.

Introducing NEDO activities to address global plastic waste 
problem through development of recycling solutions.
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Enhancing Resource Value of 
Plastic Waste  to Promote Recycling

Industrial plastic waste
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Diagram outlining Innovative Plastic Resource Circulation Process Technology Development
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It is efficient to dispose of plastic waste by material recycling 
(MR), which refers to reusing such waste as plastic materials, but 
there are growing expectations for chemical recycling (CR), which 
converts plastic waste difficult to recycle using MR into 
petrochemical raw materials. In the field of CR, technologies such 
as gasification and liquefaction have been developed but have not 
yet been widely put to practical use from the viewpoint of 
economic efficiency.

Under the NEDO project  Innovative Plastic Resource 
Circulation Process Technology Development, NEDO is carrying 
out research and development on a petrochemical feedstock 
conversion technology that decomposes plastic wastes and 
converts them into basic chemicals such as olefins¹ and BTX² by 
utilizing existing oil refineries and petrochemical facilities. 
Specifically, we are developing catalyst technologies promoting 
the decomposition of plastic wastes and improving the yield of 
basic chemicals, as well as technologies for using these raw 
materials in existing oil refineries, and technologies related to 
commercialization.

Professor MATSUKATA Masahiko at the School of Advanced 
Science and Engineering, Waseda University, who is the project 
leader supervising research under the CR theme, describes the 
social context for CR, “Plastic marine litter has become a major 
global issue and, about three and a half years ago, the movement to 
recycle plastic waste as chemicals dramatically gained momentum. 
Recently, petroleum companies that produce basic chemicals have 
fel t  i t  necessary to  assume a cer tain level  of  corporate  

responsibility, and corporate value is being measured by corporate 
efforts on environmental issues. Climate change and the 
declaration to realize carbon neutrality have also provided 
momentum, and the global mood is changing rapidly.”

Even if we use the term plastic waste, there are a variety of 
materials mixed into plastic containers and packaging, and there 
are other materials, such as paper and dirt that adhere to the plastic. 
To make the best use of such a wide variety of plastics,  
low-degradation plastic mixtures that cannot be recovered as pure 
basic chemicals are returned to existing oil refineries and 
processed to produce petrochemical raw materials. 

Professor Matsukata explains, “Petrochemical plants that 
produce basic chemicals are concentrated on the Pacific Ocean 
side of Japan, and transporting plastic wastes to them requires 
using fuel, which is not very efficient. On the other hand, 
petroleum refineries are located all over the country, so we can 
collect and dispose of plastic wastes in each region without 
constructing new infrastructure.”

In addition, packaging containers are simultaneously being 
developed that use the same materials for packaging and labels 
and, by combining these technologies, we aim to utilize about 30% 
of all plastic wastes for CR and convert them into petrochemical 
raw materials with a yield of 70%.

Professor Matsukata says, “The data needed to analyze and 
evaluate decomposed plastic waste is not available anywhere else 
in the world, so we are still figuring things out.” AKIMOTO Jun of 
JPEC also expresses his enthusiasm, “In the future, we would like 
to gather data, design the process, and conduct scale-up testing and 
demonstration operations at oil refineries.” Director Imanishi of 
the NEDO Environment Department, says, “No one has ever done 
this research before and the hurdles are high, but while the 
university and JPEC are collaborating on this project, NEDO will 
actively promote the technology and efforts to link it  to 
commercialization.”

Returning plastic wastes back into basic chemicals 
for resource recycling

Future challenges include supply chain 
establishment and cost reduction

1. Ethylene, propylene, styrene, etc.
2. Benzene, toluene, xylene

Project Leader
School of Advanced 
Science and Engineering
Waseda University

Professor MATSUKATA Masahiko
Director
Technology and Planning Dept.
Japan Petroleum Energy Center 
(JPEC)

AKIMOTO Jun
Director and Project 
Manager
NEDO Environment 
Department

IMANISHI Daisuke

Promoting development of “new CR” technology to produce basic chemicals 
from plastics decomposed in petroleum refineries.

Experimental facility at Waseda University for development of new catalytic 
decomposition process for plastic waste.
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Leveraging Capabilities of Petroleum Refinery to Convert 
 Plastic Waste  into Basic Chemicals for Petrochemicals
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Development of CR-compliant plastic packaging containers (Dai Nippon Printing)

●Conversion of composite plastic containers and packaging to mono material
●Reduction of CR-resistant substances to utmost limit

Development of large-scale high-efficiency plastic decomposition process (JPEC, Waseda University)

Optimal chemical recycling technology based
on physical properties of plastic wastes

●Integrated continuous process for highly efficient decomposition 
   of plastic wastes made of wide variety of materials

Optimal CR
▶ Overall Development Goals
     Conversion to petrochemical raw materials set at 70%
       Raw plastics: PE, PP, PS, no resistant substances, etc.
       Products: C2, C2=, C3, C3=, C4, C4=, naphtha, BTX, C9A

Process Type of plastic Dirt= f（ × × ）

Development of highly functionalized plastic decomposition catalysts (Waseda University and Tottori University)

●Hierarchical pore structure to enhance catalyst performance
●Maximizing yield of high value-added products by multi-step 
   reactions on catalyst external surface and inside pores

Development of high-efficiency recovery technology for products (Cosmo Oil)

Strong collaborations for 
development of 4 technologies

(Tetra Connection)
Development of material regeneration process

●Optimizing recovery of low-degradation 
    products in oil refineries
●Maximizing yield of high value-added 
    products Packs Styrofoam 

packs Bags/films Shopping 
bags

Bottles Trays Cups Medical supplies
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