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World Premier International Research Center Initiative (WPI)

World Premier International
Research Center Initiative (WPI)
Background
An intensifying global demand for talented researchers
is accelerating the need to develop the best scientific
minds among the world's nations. This trend has
prompted Japan to establish new research centers that
attract top-notch researchers from around the world
to place itself within the “circle” of excellent human
resources.

Program Summary
The World Premier International Research Center
Initiative (WPI) has four basic objectives: advancing
leading-edge research, creating interdisciplinary
d o m a i n s , e s t a b l i s h i n g i n t e r n a t i o n a l r e s e a rch
environments, and reforming research organizations.
To achieve these four objectives, WPI research centers
tackle the following challenges:

A Critical Mass of Outstanding Researchers
• Bringing together top-level researchers within
a host research institution
• Inviting the best researchers from around the
world
Attractive Research and Living Environment of the
Highest International Standards
• Strong leadership by center director
• English as the primary language
• Rigorous system for evaluating research and
system of merit-based compensation
• Strong support for researchers
• Facilities and equipment expected in a top
research center
• Housing and support for daily living and
education of dependent children
To assist the WPI research centers in carrying out this
mandate, the Japanese government provides longterm, large-scale financial support.

For more information:
MEXT Website https://www.mext.go.jp/en/policy/science_technology/researchpromotion/index.htm
JSPS Website http://www.jsps.go.jp/english/e-toplevel/index.html

International Institute for Carbon-Neutral Energy Research (I2CNER) Kyushu University
Toward the realization of a low-carbon society, I2CNER aims to resolve the challenges of the use of hydrogen energy and CO2
capture and sequestration by fusing together sciences from atomic level to global scale.

Kavli Institute for the Physics and Mathematics of the Universe (Kavli IP MU)
The University of Tokyo Institutes for Advanced Study, The University of Tokyo
With accumulated research on mathematics, physics and astronomy, this research core works to bring
light to the mysteries of the universe, such as its origin, and to provide an analysis of evolution.

Immunology Frontier Research Center (IFReC)
Osaka University
An innovative research center, which pursues the goal of comprehensive understanding of immune
reactions through the fusion of immunology, various imaging technologies, and Bioinformatics.

Institute for Integrated Cell-Material Sciences (iCeMS)
Kyoto University
Established to integrate the cell and material sciences, the iCeMS combines the potential power of stem
cells (e.g., ES/iPS cells) and of mesoscopic sciences to benefit medicine, pharmaceutical studies, the
environment, and industry.

Institute for the Advanced Study of
Human Biology (ASHBi) Kyoto University
ASHBi investigates the core concepts of human biology with a particular focus on genome regulation
and disease modeling, creating a foundation of knowledge for developing innovative and unique
human-centric therapies.

Institute for Chemical Reaction Design and
Discovery (ICReDD) Hokkaido University
ICReDD integrates computational, information, and experimental sciences in order to obtain in-depth
understanding of chemical reactions, which enables rational design and rapid development of new
chemical reactions.

International Institute for Integrative Sleep Medicine(IIIS)
University of Tsukuba
IIIS aims to elucidate the function of sleep and the fundamental mechanisms of sleep/wake regulation and
also aims to develop new strategies for diagnosis, prevention, and treatment of sleep disorders. Our goal
is to contribute to promote human health through our sleep research.

Nano Life Science Institute (NanoLSI)
Kanazawa University
Cells are the basic units of almost all life forms. We are developing nanoprobe technologies that allow
direct imaging, analysis, and manipulation of the behavior and dynamics of important macromolecules in
living organisms, such as proteins and nucleic acids, at the surface and interior of cells. We aim at
acquiring a fundamental understanding of the various life phenomena at the nanoscale.

Advanced Institute for Materials Research (AIMR),
Tohoku University
Integrating physics, chemistry, materials science, bioengineering, electronics and mechanical engineering,
AIMR is striving to create innovative functional materials. A mathematical unit joined the team in 2011 to help
establish a unified theory of materials science, aiming at the realization of a global materials research hub.

International Center for Materials Nanoarchitectonics (MANA)
National Institute for Materials Science
A major focus of our activities is the development of innovative materials on the basis of a new paradigm
“nanoarchitectonics,” ground-breaking innovation in nanotechnology.

Institute of Transformative Bio-Molecules (ITbM)
Nagoya University
The goal of ITbM is to develop innovative functional molecules that make a marked change in the form
and nature of biological science and technology (transformative bio-molecules). ITbM will connect
molecules, create value, and change the world, one molecule at a time.

EARTH - LIFE SCIENCE INSTITUTE (ELSI)
Tokyo Institute of Technology
ELSI focuses the origins of Earth and life. Both studies are inseparable because life should have
originated in unique environment on the early Earth. To accomplish our challenge, we establish a
world-leading interdisciplinary research hub by gathering excellent researchers in Earth and
planetary sciences, life science, and related fields.

International Research Center for Neurointelligence (IRCN)
The University of Tokyo
IRCN combines life sciences and information sciences to establish the new field of
“Neurointelligence”. By clarifying the essence of human intelligence, overcoming neuraldisorders,
and developing new AI technologies, we will contribute to a better future society.
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Message from the Director

Message from the Director
This year’s I²CNER Annual Report provides an ideal opportunity to reflect on the
accomplishments of the past year and offer an indication of our plans for the
future.
The Institute rounded out its 10th year in operation—a year in which we
achieved “World Premier” status and were successfully inducted into the
WPI Academy of Japan. This recognition was a significant accomplishment
and reflects the culmination of a decade of international collaborations and
dedication to WPI standards in scientific accomplishments, technology transfer,
interdisciplinary research, and academic systems reforms. Indeed, I²CNER
dedicated its first 10 years to producing some of the world’s best research on the
future of energy. As the newest center of the WPI Academy, we are continuing to
make disruptive advances in the 21st century international energy landscape, as
well as strengthen the scientific advancements in Japan in collaboration with the
United States and the world.
As a permanent Institute of Kyushu University, I²CNER consolidated its research
efforts into three thrusts: Advanced Energy Materials, Advanced Energy
Conversion Systems, and Multiscale Science and Engineering for Energy and the
Environment. These thrusts are directly linked to the “Platform for International
Collaborations and Partnerships” that has been designed to maintain I²CNER’s
international identity and the “Platform for Societal Implementation and Industrial
Collaboration,” whose purpose is to ensure technology transfer through the large
and growing network of I²CNER’s industrial interactions. I believe this transition
was a natural evolution of I²CNER’s accomplishments and collaborations, and
I have witnessed this renewed focus propelling our researchers onto new and
innovative paths.
The partnership between Illinois and Kyushu University continues to expand
through new interactions and collaborations, and is focusing on multiple areas
such as mathematics, agriculture, library sciences, medicine, and social sciences
and economics in addition to energy research. We will continue to amplify the
WPI mission and advance our carbon-neutral energy goals with our partners
around the world. As a result of our meaningful international activities during
this fiscal year, I²CNER’s global visibility was significantly enhanced, and I am
confident the next year promises to be just as exciting.
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At I CNER, our mission is to contribute to the
creation of a sustainable and environmentally friendly
society by conducting fundamental research for
the advancement of low carbon emission and costeffective energy systems, and improvement of energy
efficiency. The array of technologies that I 2CNER’s
research aims to enable includes solid oxide fuel
cells, polymer membrane-based fuel cells, biomimetic
and other novel catalyst concepts, and production,
storage, and utilization of hydrogen as a fuel. Our
research also explores the underlying science of CO2
capture and storage technology or the conversion of
CO2 to a useful product. Additionally, it is our mission
to establish an international academic environment
that fosters innovation through collaboration and
interdisciplinary research (fusion).
I2CNER’s research at the intersection of applied math
and engineering has enormous potential to impact all
of the institute’s research areas and the overall energy
challenge. I2CNER’s applied math efforts are based
on the institute’s burgeoning relationship with the
Institute of Mathematics for Industry (IMI) and various
departments at the University of Illinois UrbanaChampaign. The institute currently has ongoing
projects in the areas of mathematics for smart grid,
porous materials, computational physics, and social
aspects of power systems. Examples include algorithm
development for scalable grid optimization problems,
study of strategic interactions in electricity markets by
accounting for the deepening penetration of variable
renewable resources in the grid, and persistent
homology to characterize the properties of porous
materials for CO2 storage in rock formations. Projects
are also addressing efficiency increase in power
generation by modeling expanding flames using theory
of parabolic equations.

World Premier Status
The year 2020 marked the 10th anniversary of I2CNER
as well as the achievement of obtaining “World
Premier” status. We were successfully inducted into
the WPI Academy of Japan, ensuring our continuation
in advancing the mission and goals of the WPI
program.
This recognition is a significant accomplishment

and is the result of the culmination of 10 years of
international collaborations and dedication to WPI
standards in scientific accomplishments, technology
transfer, interdisciplinary research, and academic
systems reforms. Indeed, I 2CNER has dedicated its
first 10 years to producing some of the world’s best
research on the future of energy. As the newest center
of the WPI Academy, we aim to continue to make
disruptive advances in the 21st century international
energy landscape, as well as strengthen the scientific
advancements in Japan in collaboration with the
United States and the world.
Previously, the Institute was organized into eight
thematic research divisions that addressed specific
research objectives. Now, as a permanent Institute
of Kyushu University, I 2CNER has consolidated its
research efforts into three thrusts: Advanced Energy
Materials, Advanced Energy Conversion Systems, and
Multiscale Science and Engineering for Energy and the
Environment.
These thrusts are directly linked to the “Platform for
International Collaborations and Partnerships” that
has been designed to maintain I2CNER’s international
identity and the “Platform for Societal Implementation
and Industrial Collaboration,” whose purpose is to
ensure technology transfer through the large and
growing network of I2CNER’s industrial interactions.
E a ch t h r u s t i s l e d by a n u m b e r o f P r i n c i p a l
Investigators, each with several dozen researchers
working toward that thrust’s stated research objectives.

Research Thrusts
Advanced Energy Materials
The goal of the Advanced Energy Materials thrust is to
develop molecular, nano, and bulk materials based on
new science of surfaces, interfaces, and microstructures
for applications involving H 2, H 2O, and CO 2. The
research is directed to two classes of materials,
catalytic and structural. In the area of catalytic
materials, our objective is to develop bio-inspired
molecular systems for fuel and energy generation that
are centered on biological and synthetic catalysts.
In addition, we explore the production of fuels and
materials of added-value from ubiquitous chemicals
through the use of solar energy. In the area of structural

I2CNER Annual Report 2019

3

About I2CNER

materials, the research focuses on the development of
the fundamental science that enables optimization of
the cost, performance, and safety of materials for H2
technologies. This includes the association of basic
science underlying deactivation of catalytic surfaces
to industrial approaches for the mitigation of hydrogen
embrittlement. In addition, we aim at advancing our
mechanistic insight into the degradation of metals
and alloys for technologies that operate at elevated
temperatures in the presence of hydrogen. Lastly, it is
our objective to develop next-generation tribo-systems
with higher efficiency and durability to conserve
energy, thus contributing to CO2 emissions reduction.
Advanced Energy Conversion Systems
The goal of the Advanced Energy Conversion
Systems thrust is to develop economically feasible
energy systems characterized by high efficiency,
fast conversion kinetics, and long lifetimes. The
focus is on electrochemical and photochemical
conversion that serve for stationary power and
fuel generation and mobility, and thermal energy
conversion that enables efficient heat transport. For
electrochemical conversion, fundamental advances
in the understanding of electrocatalysis and ionic and
electronic transport properties in solids are needed
in order for high conversion rates between electrical
and chemical energy to be obtained. The goal of
photoelectrochemical conversion is the development
of high-performance systems for splitting water,
harvesting solar energy, and generating light by
exploring inorganic, organic, and hybrid materials
from physical, chemical, and biochemical perspectives
and by elucidating potential conversion roadblocks
and causes of degradation. Thermal energy conversion
is studied by pursuing fundamental understanding
of heat and mass transport phenomena in relation to
nanoscale thermal transport, phase change heat and
mass transfer, and the thermophysical properties of
working fluids. Devices thus developed are essential
to the integration of renewable energy to the electric
grid and the advancement of new energy solution
pathways, including hydrogen energy.
Multiscale Science and Engineering for Energy and
the Environment
The Multiscale Science and Engineering for Energy
and the Environment thrust pulls together the range
of challenges facing Japan’s and the world’s energy
transition, namely the transition from largely fossil
fueled energy technology to a carbon-neutral or a
carbon-free energy supply. In addition, this Thrust
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enables the coordination of carbon reduction
technologies, energy efficiency technologies, and
guidance for social, political, and investment strategies
to coordinate this transition.
This thrust includes the following 4 main clusters;
1. Carbon capture technologies based on membrane
separation for zero and negative emission
We are developing technologies for CO 2 capture
based on membrane separation, which is considered
to have the lowest capture energy. In order to control
global warming, CO2 is not only captured from largescale emission sources, but also CO2 from (1) air and (2)
exhaust gas with diluted CO2 by membrane separation
for negative emission, and CO 2 removal at biogas
upgrading. We are also considering modularization
along with the development of these technologies.
2. Carbon

storage and management using the earth
As CO 2 reduction approach using the earth, CO 2
geological storage that directly injects CO 2 into
the subsurface reservoir has been recognized. By
considering (1) amount of CO2 reduction, (2) time to
achieve CO2 reduction and (3) cost for CO2 reduction,
CO2 reduction and managements using the earth could
be a realistic approach.
3. Energy efficient technologies
To contribute toward the world’s energy transition, we
are working on the development of energy efficient
technologies, which includes heat mass transfer
enhancement in adsorption systems, development of
low-temperature thermally powered adsorption heat
pump/refrigeration system and biofuel and edible
protein production and negative CO2 emissions.
4. Socio-techno-economic and policy analysis
In order to progress an energy transition that
incorporates and develops technologies which
can effectively deal with climate change, there is a
need for analysis of technical, economic and social
aspects. I 2CNER is progressing this analysis across
the spectrum of available technologies, with a focus
on the technologies being developed within I2CNER.
In addition to the evaluation of the technical aspects
such as technological applicability and efficiency,
we also consider their economic and social merit.
The analytical approaches we undertake include
modeling, systems analysis, statistical analysis, applied
mathematical analysis, social surveys and stakeholder
engagement.

About I2CNER

Research Platforms
Platform for International Collaborations and
Partnerships
This platform is intended to maintain and foster
I2CNER’s international identity. The members of this
platform, who are world experts with a solid record of
international research experiences, collaborate with
I2CNER’s researchers from all three thrusts. Because
this platform and the three thrusts are interwoven and
the thrusts’ themes overlap, this is an effective way to
promote interdisciplinary collaborations across the
institute and around the world.
Platform for Societal Implementation and Industrial
Collaboration
The three major research thrusts contribute directly
to the transition of future I2CNER scientific advances
to applicable technology transfer through a large and
growing network of I 2CNER industrial interactions.
This platform ensures a high level of tech transfer,
provides policy guidance for science and technology
investments, and addresses potential social acceptance
and social impact issues. With its strengths in both

advanced energy science and energy analysis, I2CNER
provides critical direction and support to Japan’s
energy transition over the next 30 years to meet the
2050 carbon reduction goals with minimal social and
economic disruptions.

Affiliated Research Institute
Research Center for Next Generation Refrigerant
Properties (NEXT-RP)
Through coordination of efforts of the international
community, this unique center focuses on the
development of next generation refrigerants. More
specifically, the objectives of the center include the
accurate evaluation of thermophysical properties and
fundamental performance of heat exchange and air
conditioning and refrigeration (ACR) cycles for zeroODP (ozone depletion potential) and low-GWP (global
warming potential) refrigerants. Through development
of base knowledge and thermophysical properties
technology the center aims to contribute to Japanese
ACR industries in enhancing their competitiveness in
the global market.

Figure 3. I2CNER Building 1
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I2CNER Vision

Figure 4.1. Parameter Space of Technology Options.

Background
Our vision of a carbon-neutral energy society is to
help identify future technology options by sharing a
common image of a future for Japan with people in
and outside of I2CNER. In 2009, the G8 announced the
commitment of an 80% reduction in greenhouse gas
(GHG) emissions by 2050 relative to the 1990 level.
The I2CNER vision for a low-carbon society for Japan
is based on setting a long-term target of a 70-80%
reduction of GHG by 2050. This target is particularly
relevant to energy security concerns caused by Japan’s
current heavy reliance on imported fossil fuels, which
are depletable and scarce resources. To achieve the
target by developing new technology, we also consider
economic efficiency and safety issues. As a whole,
we consider 3E+S (Environment, Energy Security,
Economy, and Safety) as foundational viewpoints for
the vision.
In drawing our vision, we consider two major
principles: 1) efficiency increase (“EI”) in energy
conversion and energy use and 2) lowering of carbon
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intensity (“LCI”) of fuel and electricity to adopt and
develop future technologies. EI should be pursued
in energy transformation systems, end use systems,
including home appliances, and industrial processes.
EI can be applied to existing systems but is also
achieved by replacing existing systems with new
technology. LCI in electricity and fuel supply-use
pathways is achieved using renewables, nuclear, or
CO2 capture and sequestration (CCS). LCI typically
needs new facilities, new infrastructure, or both.
Figure 4.1 shows the image and relation of energy
conversion sectors and energy use sectors, which
are connected by energy pathways, represented by
secondary energy (electricity, hydrogen, and mixed
low-carbon fuels using biofuel) in a low-carbon
society. Some fossil fuels extracted from underground
will still be provided to energy conversion sectors and
industries with CO2 capture and sequestration. Some
captured CO2 can be reused as an energy carrier.

I2CNER Vision

I2CNER Scenarios for a Carbon-Neutral
Energy Society
There are many possible scenarios to achieve our
3E+S energy vision. EI technology developments are
important. Therefore, they are included across the
scenarios. LCI technologies could have the greatest
impact on GHG emissions and thus enable us to reach
our GHG emissions reduction target. As mentioned
in Annual Progress Reports of previous years, we
explored and developed multiple scenarios by
prioritizing different LCI technologies, renewables, and
CCS outlined in Figure 4.1. Nuclear is not prioritized
in the scenarios at this point because of public
concerns about safety. The variability of development
and deployment of these technologies causes the
differences among the scenarios.
A most likely future energy system is what we termed
Scenario A in last year’s Annual Progress Report,
which in essence is a balanced scenario, involving a
combination of renewable energy deployment and
carbon capture and storage technologies. The second,
Scenario D, introduces hydrogen into the energy
system, predominantly imported from overseas.

In terms of Scenario A, we are analyzing the
inherent compromises which emerge between
system cost, energy security, and overall feasibility
of the deployment of renewables, CCS, and nuclear
technologies, along with system EI over time.
Renewables are prioritized because they improve
energy security and reduce energy-related emissions,
but intermittency is an issue that must be dealt with at
the system level, especially considering the uncertainty
surrounding the contribution from nuclear. In
addition, the potential contribution of wind, which has
not been deployed as quickly as solar PV under the
Feed-in Tariff (FIT), and implications on intermittency
and storage approaches—as well as their costs—
continue to be explored.
Scenario D also has the potential to emerge as a
future system. It utilizes imported hydrogen sourced
from coal gasification (in combination with CCS)
underpinning carbon-neutral transport as well as
industry, residential, and power generation applications
in Japan. Uncertainty surrounding CCS storage
potential (domestic and international) and stakeholder
acceptance (including industry) continue to guide our
analysis and ongoing revision of our scenarios.

Scenario A (Balanced): Development of important EI technologies and balanced deployment of renewable and
CCS. Approximately 71% reduction in CO2 emissions by 2050, relative to 1990.
Contribution to EI
Heat pump and FC co-generation for residential and commercial from 2020. Low-temperature heat
utilization for industry from 2020. Fuel cell and hydrogen material and storage for transportation from 2020.
SOFC (durability, generation efficiency, and coal gas application) for power industry from 2030 to 2050.
Contribution to LCI through renewables
Hydrogen storage and new battery technology to adjust intermittent PV and wind power from 2030.
Development of electrolysis (PEM and high-temperature steam) using renewable electricity to provide lowcarbon hydrogen from 2030.
Contribution to LCI through CCS
Low-cost membrane CO2 capture technology for IGCC and other fossil fuel-based power generation from
2030. Development of simulation technology for CO2 monitoring and storage site characterization from
2030 through seismic approaches.

Figure 4.2. CO2 reduction relative to 1990 by sector in Scenario A.
I2CNER Annual Report 2019
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Scenario D (Hydrogen Import): Low carbon hydrogen import with balanced application of LCI technologies,
including nuclear power, assuming commercial hydrogen import will start from 2030, mainly for power generation.
Approximately 71% reduction in CO2 emissions by 2050, relative to 1990.
Contribution to EI and LCI technologies in addition to those in scenario A
Through: (i) initiation of a full-scale hydrogen economy, which I2CNER’s hydrogen-compatible material
research and hydrogen physical property research underpin; (ii) mixing natural gas with hydrogen and
generating pure hydrogen turbine power from 2030; (iii) supplementing the delay of nuclear generation
restart by hydrogen power generation and CCS deployment; (iv) hydrogen infrastructure for fuel cell vehicles
using imported hydrogen from 2030; (v) distributed power generation using SOFC and imported hydrogen
from 2040.

Figure 4.3. CO2 reduction relative to 1990 by sector in Scenario D.

I2CNER’s research efforts are intimately tied to these scenarios because the short-, mid-, and long-term milestones
of each of our division roadmaps were established in consideration of our intent to remove the roadblocks for the
development and deployment timing of the various promising technology options in the scenarios. The updating
of the I2CNER roadmap and research portfolio for the removal of roadblocks toward CNS is carried out by the
continuous interaction among the technical divisions and the Energy Analysis Division.
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I2CNER’s Contribution to the 2050 CO2 Reduction Target
Based on our analysis of current and future
achievements, approximately 0.43% of the total
required CO2 reductions via current achievements and
approximately 4.71% of the total required reductions
through our future achievements can be realized
by I 2 CNER technologies and innovations if they
are applied to appropriate energy systems (limiting
the contribution of any one technology to 50% of
the resultant market). In addition to I2CNER’s direct
contributions, all I2CNER activities also contribute to
the overall relevant industry efforts (a further 35.7% of
the 2050 target, shown in dark grey in Fig. 5b) through
the provision of underpinning technologies and
analyses.

0.43%

4.71%

As shown in Fig. 5b, the leading contributors to
I2CNER’s 2050 CO2 reduction efforts include energy
storage and carriers, encompassing electrolysis and the
reversible fuel cell; CO2 capture and storage, through
novel CO 2 separation membranes and monitoring
technologies; and energy efficiency, utilizing energy
saving heat loop-tube technologies and friction
reducing coatings. EAD continues to analyze each
technology thrust within I 2CNER in line with our
energy system scenarios to ensure that our contribution
toward CO2 reduction and to underpinning industry
efforts is maximized.

0.77% 2.28%
0.79% 0.16%
1.02%
0.12%

29.16%

35.70%

64.86%

Current I2CNER Contribution
Additional I2CNER Contribution by 2050
2050 70% Reduction Target Remainder

(a) Current and Future Contributions

Renewable Energy
Power Generation
CO2 Capture & Storage
Energy Storage & Carriers
Energy Eﬃciency
Hydrogen Economy
I2CNER Relevant Industry Contribution
Remainder of 2050 Target

(b) Overall Contributions to 2050 CO2 Reduction Target

Figure 5. I2CNER’s current and future contributions to CO2 reduction in Japan.
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Advanced Energy Materials
[NiFe], [FeFe], and [Fe] Hydrogenase Models from
Isomers (PI S. Ogo)
The study of hydrogenase enzymes (H 2 ases) is
necessary because of their importance to a future
hydrogen energy economy. These enzymes come in
three distinct classes: [NiFe] H 2ases, which have a
propensity toward H2 oxidation; [FeFe] H2ases, which
have a propensity toward H 2 evolution; and [Fe]
H2ases, which catalyze H− transfer. Modeling these
enzymes has so far treated them as different species,

which is understandable given the different cores
and ligand sets of the natural molecules. Here, we
demonstrate, using x-ray analysis and nuclear magnetic
resonance, infrared, Mössbauer spectroscopies, and
electrochemical measurement, that the catalytic
properties of all three enzymes can be mimicked with
only three isomers of the same NiFe complex [1].
These results meet the short- and a mid-term milestone
for molecular modification of biological and synthetic
H2-catalysts [1-3] in Project 1 of the Advanced Energy
Materials Thrust’s roadmap.

Figure 6.1. The active site structures of [NiFe] H2ases that mainly catalyze H2 oxidation reactions, [FeFe] H2ases that mainly catalyze
H2 evolution reactions, and [Fe] H2ases that catalyze H− transfer to the substrate via heterolytic H2 cleavage.

Electrosynthesis of Amino Acids from BiomassDerivable Acids on Titanium Dioxide (PI M. Yamauchi)
We have developed an electrochemical alcohol
synthetic cell employing electrocatalysts composed
of TiO2, which play a central role in the production
of alcoholic fuels using renewable electricity. [4-6].
Recently, we achieved the application of the catalysts
for the production of highly functional organic
chemicals such as amino acids, which corresponds
to the 2020-2025 (short-term) target of project 2,
i.e., efficient synthesis of highly useful chemicals
from ubiquitous chemicals and renewable electricity.
Amino acids are not only important constituents of
living organisms, but also basic substances involved
in various functional materials such as feed additives,
flavor enhancers and pharmaceuticals. We have
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succeeded in efficiently synthesizing amino acids
using electricity procured from renewable energy and
hydrogen extracted from water. Until now, there have
been a few reports for the amino acid synthesis, which
is conducted on toxic lead, mercury, or expensive
platinum electrodes, with efficiency and selectivity for
the amino acid production being very low. It should
be noted that hydrogen is preferentially generated
when metal electrodes are used in aqueous solution.
In our study, an organic acid called an alpha keto
acid that can be extracted from woody biomass
in water and a nitrogen-containing compound are
reacted by using TiO 2 as an electrocatalyst, which
is abundantly available. Seven amino acids such as
alanine, glycine, aspartic acid, glutamic acid, leucine,
phenylalanine, and tyrosine were synthesized with
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high efficiency and high selectivity even under mild
conditions. Furthermore, we succeeded in building
a flow reactor that electrochemically synthesizes
amino acids continuously and we demonstrated that
electrochemical processes using solar electricity
can play a significant role in materials synthesis. In
addition, our approach provides useful insights for the
future construction of artificial carbon and nitrogen

cycles. Electrochemical processes have been thought
to play a role in the origin of life. Recently, various
studies have clarified that fundamental chemicals
that make up living organisms are producible through
abiological pathways. Thus, our findings may also
contribute to the elucidation of the mystery of the
creation of life.

Figure 6.2. Possible role of reductive amination in sustainable society. Reductive amination can convert biomass-derived α-keto acids
into amino acids, which are building blocks of human and animal bodies, in the presence of nitrogen sources, i.e. NH3 and NH2OH.

Mitigation of hydrogen-assisted cracking through
deactivation of catalytic surfaces (PI M. Kubota)
A central focus of hydrogen materials compatibility is
the mitigation of hydrogen-assisted cracking through
deactivation of catalytic surfaces. Our approach
involves classic mitigation strategies that involve
lowering of the material strength by using rare metals;
this approach, however, is characterized by high cost.
Thus, our central mitigation strategy utilizes ubiquitous
small molecules such as oxygen (O 2) and carbon
monoxide (CO).
As was demonstrated by Staykov et al. [7], fresh
iron surfaces created by cracking act as a catalyst
for dissociation of the hydrogen molecule and this
advances hydrogen uptake. In the same study the effect
of the presence of oxygen in the hydrogen gas on the
hydrogen uptake was also investigated. As a follow
up to these studies, Somerday et al. [8] developed a
predictive model for the suppression of the hydrogen
accelerated fatigue crack growth by a small amount of
oxygen (ppm by volume) in the hydrogen gas.
Advancing these mitigation studies by oxygen, we

explored other molecules such as carbon monoxide
(CO) and ammonia (NH3). Figure 6.3 shows the results
from fatigue crack growth tests of a pipeline steel in
H 2, O 2 added H 2, and CO added H 2 environments
at a loading frequency of 20 Hz [9]. We observed a
different mitigation influence between O2 and CO.
With regard to the intensity of mitigation, while O 2
completely suppressed the hydrogen-accelerated
crack growth, CO partially reduced the crack growth
rate acceleration in H2. With regard to the load range
in which the mitigation is effective, while O 2 was
effective from the onset of hydrogen-accelerated
growth (ΔK = 17 to 19 MPa m1/2,) the CO effectiveness
spanned the whole ΔK region covered by the test.
Figure 6.4 shows the effect of loading frequency on
the mitigation effect of O2 and CO [10]. Reduction
of the loading frequency to 1/1000 of that used in
the experiments shown in Fig. 6.3 allows for O2 to
suppress acceleration at all stress intensity factor
ranges. On the other hand, the CO mitigation effect
for the range of ΔK from 12 to 15 MPa m1/2 was absent,
despite the fact that it was active at a frequency of
20Hz (Fig. 6.3). In summary, the time for adsorption
of oxygen or CO and the coverage of the exposed
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surfaces underlie the loading frequency dependence.
These results represent progress toward the short-term
milestone "Establish validated physical descriptions

(a) Effect of O2

of effects of gas impurities on H2 assisted cracking" of
project 3 (Predictive Models of H2 -Assisted Cracking).

(b) Effect of CO

Figure 6.3. Mitigation of hydrogen-accelerated fatigue crack growth by O2 and CO: a) Hydrogen accelerated the crack growth rate
when ΔK was higher than 17 MPa m1/2 whereas 1000 vppm O2 delayed the onset of the acceleration. No mitigation was observed
when ΔK reached 19 MPa m1/2; b) CO reduced the crack growth rate in H2 at concentrations greater than 1000 vppm. The mitigation
covered the entire ΔK range.

Figure 6.4. Loading frequency dependence of mitigation of hydrogen-accelerated fatigue crack growth by O2 and CO. O2
suppressed acceleration completely over the entire ΔK range. The CO effect exhibited a ΔK dependence.

Material development for hydrogen service (PI. M.
Kubota)
Efforts in this area focused on understanding the
effect of microalloying and grain refinement on yield
strength in view of the fact that development of
hydrogen compatible high strength steels are central in
this project. It is demonstrated that nitrogen is a very
effective interstitial alloying element in SUS316L that
increases both strength and austenitic phase stability
[11]. Nitrogen addition resulted in both yield stress
increase through solid solution hardening and tensile
strength increase through increased work-hardening.
This increased work-hardening was explained by a
decreased tendency to cross-slip in nitrogen-added
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SUS316L. This is important as decreased cross slip
response is associated with a stronger hydrogen
embrittlement effect. Additionally, a novel method for
analysis of X-ray diffraction data [12], which allows
for quantitative measurements of the dislocation
density in austenitic stainless steels, was used. This
demonstrated the significance of this new tool for the
measurement of the effect of hydrogen on dislocation
density. This accomplishment is toward the short
milestone (2020-2025) of the project. Lastly, the effect
of grain size refinement on yield strength of metastable
austenitic stainless steels for a wide range of hydrogen
gas pressures was investigated. With 1-μm grains a
yield stress of 600 MPa (compared to 200 MPa for 20-
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μm grains) was achieved [13]. The method used is the
reverse transformation of fine cold-rolled martensite to
fine austenite. This accomplishment is directed toward
the short-term milestone of project 2 of the Thrust’s
roadmap.
Effect of lubricants on hydrogen embrittlement of
steel (PI J. Sugimura)
Previous studies of hydrogen generation and
subsequent failure of steel surface in rolling contact
showed the effect of base oil chemistry and additives,
and the operating conditions including temperature.
The present study focused on a hydrocarbon synthetic
base oil without additives and three different gas
environments, namely hydrogen, argon, and air.
Rolling contact experiments, measurement of
hydrogen permeated into steel, observation and
chemical analysis of rolling tracks, and detection of
subsurface cracks by Micro-CT have shown that tribofilms consisting of iron oxides and polymerized carbon
species are formed during rolling contact, which
prevent the generation of atomic hydrogen at the
surface and consequently retard hydrogen enhanced
damage [14].
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Advanced Energy Conversion Systems
Metal halide hybrid perovskite LED and laser devices
(PI C. Adachi)
Metal halide hybrid perovskites have many excellent
material properties, such as bandgap tunability, high
carrier mobility, long carrier diffusion length, high
absorption coefficient, efficient photoluminescence,
and compatibility with low-cost solution processing
or vacuum evaporation. In view of these properties,
hybrid perovskites have been widely used as the light
absorber of solar cells, with their power conversion
efficiencies having already reached 25.2%, which is
comparable to silicon-based solar cell technology.
Additionally, hybrid perovskites can function as the
excellent emitter for LED and laser devices. However,
there are several issues which need to be addressed
in hybrid perovskite LEDs and laser devices. First, we
found that the instability of perovskite’s excited states

in the presence of charge carriers was one possible
reason for the low operational durability of hybrid
perovskite LEDs [1]. Second, we investigated the
feasibility of using hybrid perovskites for electrically
driven lasers given the current status of hybrid
perovskite LEDs and optically pumped lasers [2].
Third, we demonstrated a way of replicating an optical
resonator pattern in hybrid perovskite films for the
fabrication of high-performing laser devices [3] (Fig.
6.5a). We also showed that a transparent chlorinebased perovskite is excellent as the transport layers in
organic LEDs [4] (Fig. 6.5b) and realized the world’s
first electrically driven organic laser diodes [5] (Fig.
6.5c). These results are directed toward the milestones
for “Light-emitting system for low power consumption”
in Project 6 of the Advanced Energy Conversion
Systems Thrust’s roadmap.

Figure 6.5. a) Photograph of a transferred perovskite film on a PET substrate with an optical cavity. b) Photograph of
electroluminescence from an organic LED with perovskite transport layers. c) First-ever demonstration of lasing from an electrically
driven organic semiconductor laser diode.

Mechanisms of vapor absorption into hygroscopic
liquid desiccant droplets (PI Y. Takata)
The liquid desiccant is one special type of ionic
solution which exhibits excellent capacity of vapor
absorption. Despite its wide application in various
dehumidification and energy conversion systems, the
basic mechanisms of vapor absorption, especially
at the microscale, remain poorly understood. Using
experimental techniques and mathematical modelling,
we investigated the dynamics, the mass transfer,
and the thermal transport processes during vapor
absorption into sessile liquid desiccant droplets
(Fig. 6.6a) [6]. Experimentally, we investigated
the mechanisms of droplet growth and spreading
with high-resolution optical imaging and infrared
thermography. The heat and mass transfer processes
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were further investigated with detailed analysis on the
evolution of driving force induced by water uptake. The
effect of substrate conductivity was evaluated in detail
on representative substrates with controlled surface
roughness [7], [8]. Numerically, a mathematical model
was formulated and solved with the finite element
method. The model captures well the droplet dynamics
during vapor, which shows a qualitative agreement
with the initial spreading rates and in general with
respect to the overall behavior. These results, which
are of significance to a wide range of energy systems
based on vapor absorption techniques, contribute to a
mid-term and short-term milestones in Project 9 of the
Thermal Energy Conversion Thrust’s roadmap.
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Figure 6.6. a) Schematic of vapor absorption into sessile liquid desiccant droplet, b) Evolution of droplet volume during vapor
absorption into LiBr-H2O droplets and in the evaporation of pure water droplets.
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Multiscale Science and Engineering for Energy
and the Environment
CO2 reaction modeling for mineralization promotion
and CH 4-CO 2 exchange in methane hydrate (PI T.
Tsuji)
Mechanisms of CO2 reactions in geological formations
have not been well characterized, although they
are essential to the study of geological formations
for CO 2 modeling in Carbon Capture and Storage
(CCS) projects. Indeed, CO 2 reactions are complex
and strongly related to geological formations. To
investigate these CO2 reactions, we use molecularscale simulations.
Geochemical CO2 trapping (i.e., mineralization) is
considered to be the most efficient way for long-term
CO2 storage. The common view is that the reaction
process takes hundreds of years; however, recent field
pilots have demonstrated that it only took two years to
convert injected CO2 to carbonates in reactive basaltic
reservoirs. We used ab initio molecular dynamic
simulations in order to investigate the chemical
reactions among CO 2 , H 2 O, and newly cleaved
quartz (001) surfaces [1]. This study demonstrates
that captured CO2 can mineralize much faster than
previously believed in cleaved quartz.
Replacement of CH 4 in methane hydrate by CO 2
can enable the recovery of CH4, which is a potential
future energy resource, while sequestering CO2 to
mitigate the effects of global warming. In this work,
we evaluate the speed of the CO2-CH4 exchange in
methane hydrate by added nitrogen (N2) to the injected
CO2 [2]. Our work demonstrates that CH4 recovery by
CO2 injection can be facilitated by N2. The penetration
depth of replacement is sensitive to the ratio of N2 to
CO2. The knowledge obtained in this study will be
helpful for the effective utilization of CO2/N2 mixtures
to maximize the recovery percentage of CH 4 from
hydrates.
These results contribute to the mid-term milestone in
Project (ii-1) of the Multiscale Science and Engineering
for Energy and the Environment Thrust’s roadmap.
CO2 uptake onto biomass-derived activated carbons
(PI B. Saha)
Utilization of CO2 as a refrigerant for adsorption heat
pump technologies has been gaining momentum in
the last decades. We have developed novel activated
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carbons (AC) with extremely large pore volume and
high surface area from environment-friendly and
abundantly available biomass precursor seeking
higher CO 2 adsorption capacity. Four AC samples
have been synthesized from two biomass precursors,
namely waste palm trunk (WPT) and mangrove (M),
employing potassium hydroxide as an activating agent.
The porous properties of the synthesized ACs were
investigated with regard to N2 adsorption/desorption at
77 K. The highest results in the open literature surface
area and pore volume for biomass-derived ACs (BACs)
that were obtained were 2927 m2 g−1 and 2.87 cm3 g−1,
respectively [3]. The CO2 adsorption characteristics
were investigated using a high precision magnetic
suspension balance unit at five different temperatures
viz. 25, 30, 40, 50, and 70 °C with various pressures.
The WPT-AC (C500)/CO 2 pair shows the highest
adsorption uptake, as high as 1.791 g g -1 (excess
adsorption) and 2.172 g g-1 (absolute adsorption) at
25 °C and 5.04 MPa, and which is superior to any
other ACs reported to date. The porous properties and
adsorption uptake of CO2 reported in this study are the
current benchmarks. These results contribute to the
short and mid-term milestones in Project (iii-2) of the
Multiscale Science and Engineering for Energy and the
Environment Thrust’s roadmap.

High performance gas separation membranes for CO2
capture (PI. S. Fujikawa)
Wide deployment of membrane-based solutions for
large-scale CO 2 capture is currently limited by the
performance of the membranes, specifically low
CO 2 permeance, physical aging, and high cost of
materials. New materials or approaches for hybridmaterial development are needed along with their
performance and reliability in gas separation tests,
especially for CO2 separation and capture. In this work
we investigated the potential of the inorganic polymer
polydimethylsiloxane (PDMS) to serve as a platform
for CO 2 separation membrane development. We
found several options for the tuning of PDMS intrinsic
properties, such as its hybridization with zirconia
to form essentially molecular grade mixtures which
resulted in improved permeability and selectivity for
CO2 [4]. Higher selectivities were achieved through the
combination of PDMS with impermeable polyhedral
oligomeric silsesquioxane (POSS) particles [5]. In both
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cases the selectivity improvement was achieved by
molecular size sieving added to PDMS matrix, namely,
within ZrO2 domains [4] or between densely packed
POSS particles [5].
Lastly, we have made the PDMS membranes ultrathin
and demonstrated that defect-free membranes in
the tens of nanometers range of thickness can be
fabricated. At such thicknesses we achieved the world’s

highest CO 2 permeances (~40,000 GPU) together
with relevant CO2/N2 selectivity [6]. These findings
open the path for the membranes to be applied not
only at mass scale CO2 emission points but also for
direct air capture applications. These results contribute
to the short-term milestones in Project (i-1) of the
Multiscale Science and Engineering for Energy and the
Environment Thrust’s roadmap.

Figure 6.7. a) Structure of the polydimethylsiloxane – inorganic polymer used as a platform to develop nanostructured hybrid
materials for gas separation and world-thinnest membranes with benchmark CO2 permeance, b) Schematic structure of the
zirconium oxide crosslinked PDMS, c) Schematic structure of the phenyl-POSS-PDMS hybrid polymer, d) Gas separation
performance of the ZrO2/PDMS hybrids demonstrates significant increase of the permeability and selectivity driven by the size
sieving contribution of random amorphous ZrO2 nanofillers, e) Separation performance of the POSS/PDMS shows a considerable
increase in selectivity dependent on the number of the PDMS monomer units (blue numbers) however accompanied by the
permeability decrease due to the impermeable character of POSS cages, f) Permeance of the ultrathin PDMS membranes as a
function of membrane thickness: world highest values obtained by thinning without the selectivity loss (triangle: N2 permeance,
square: CO2 permeance, cross: CO2/N2 selectivity).

Ionic liquid polymer materials with tunable
nanopores for CO2 capture (PI B. Saha)
Monomeric ionic liquids (ILs), ionic liquid polymers
(ILPs), and IL-based composites have emerged
as potential CO 2 capture materials due to their
exceptional intrinsic physical solubility of CO 2 .
We have developed novel IL polymer materials
incorporating CO 2 -philic tunable nanopores and
their subsequent utilization for CO 2 capture. In
this approach, primarily, micelles were formed
in monomeric IL 1-vinyl-3-ethylimidazolium bis
(trifluoromethylsulfonyl)imide using a CO 2-philic

surfactant (N-ethyl perfluorooctyl sulfonamide)
through self-assembly, from which polymeric materials
were fabricated via free radical polymerization.
The CO2 adsorption studies demonstrated three-fold
enhancements for the surfactant micelle incorporated
IL polymers (SMI-ILPs) compared to their bare
IL polymers. The SMI-ILPs were regenerated by
simply heating at 70 ºC and reused for 15 cycles
with retention of over 96% of CO2 uptake capacity.
The simple recovery and notable enhancements in
CO 2 sorption of novel SMI-ILPs were traced to the
adsorption of CO2 at the (i) highly porous IL-based
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polymeric networks and (ii) nanometer-sized apolar
pores made by CO2-philic surfactant tails [7].
This work is an international collaboration between
Universiti Teknologi PETRONAS, Malaysia; HeinrichHeine-University, Germany; and Kyushu University,
Japan. The results which contribute to the mid
and long-term milestones in Project (iii-2) of the
Multiscale Science and Engineering for Energy and the
Environment Thrust’s roadmap are expected to open up
new possibilities for the development of ionic liquidbased smart materials for CO2 capture and separation.
Understanding the turbulence-chemistry interaction
in a hydrogen turbulent flame (PI H. Watanabe)
Understanding the turbulence-chemistry interaction
in a hydrogen turbulent flame is of crucial importance
to the modeling of the turbulent combustion physics
and the development of an assessment method of
industrial hydrogen combustion energy devices.
Three-dimensional direct numerical simulations of
spherically propagating premixed turbulent hydrogen

flames were carried out to clarify the influence
of turbulence scale on propagating hydrogen/air
flame. In a previous study, results suggested that
an optimum integral length scale exists to promote
flame propagation, with which the maximum burning
velocity was obtained. This study investigateed the
influence of variation of turbulence scale on turbulent
flame propagation and burning velocity within
multiple turbulent flame radii. The results suggest
the existence of an integral length scale at which the
maximum turbulent burning velocity is the case. This
length gets larger as the flame propagates [8]. These
results contribute to the short-term milestone in Project
(iii-4) of the Multiscale Science and Engineering for
Energy and the Environment Thrust’s roadmap.
The Technology-People-Systems Nexus, Energy
Transitions, and Investigation of the Hydrogen
Economy (PI. A. Chapman)
Energy analysis in the 2019 academic year has focused
on the technology-people-systems nexus, considering
stakeholder preferences and outcomes in the energy

Figure 6.8. The global model employed in our hydrogen penetration research. (a) The energy flows and fuel types considered, (b)
The global energy system, divided up into 82 production and consumption nodes.
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transition. Another key direction has been the further
investigation of the nature of the future hydrogen
economy from a techno-economic perspective.
This research uses a global model cognizant of energy
policy, technology learning curves and international
carbon reduction targets to optimize the future energy
system in terms of cost and carbon emissions to the
year 2050. It was identified that hydrogen has the
potential to supply approximately two percent of
global energy needs by 2050 [9]. Irrespective of the
quantity of hydrogen produced, the transport sector
and passenger fuel cell vehicles are consistently
a preferential end use for future hydrogen across
regions and modeled scenarios [10]. In addition
to the potential contribution of hydrogen, a shift
toward renewable energy and a significant role for
carbon capture and storage is identified to underpin
carbon target achievement by 2050. Hydrogen has
the potential to play a key role through its versatile
production methods, end uses and as a storage
medium for renewable energy, engendering the future
low-carbon energy system.
These results contribute to the mid-term milestones in
project (iv-3) of the Multiscale Science and Engineering
for Energy and the Environment Thrust’s roadmap, to
identify critical conducive technologies and barriers
to a H2 economy, and to influence policy toward H2
infrastructure deployment.
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[9] Chapman, A, Itaoka, K, Farabi-Asl, H, Fujii, Y,
Nakahara, M (2020) Societal penetration of hydrogen
into the future energy system: Impacts of policy,
technology and carbon targets, International Journal of
Hydrogen Energy, 45(7), 3383-3898.
[10] Chapman, A, Nguyen, D, Farabi-Asl, H, Itaoka,
K, Hirose, K, Fujii, Y (2020) Hydrogen Penetration
and Fuel Cell Vehicle Deployment in the Carbon
Constrained Future Energy System, IET Electrical
Systems in Transportation, 10(4), 409-416.
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Advanced Energy Materials
Dual Catalytic Cycle of H2 and H2O Oxidations (PI. S.
Ogo)
While hydrogenase and photosystem II enzymes
are known to oxidize H 2 and H 2O, respectively, a
recently reported iridium aqua complex [IrIII(η5-C5Me5)
{bpy(COOH)2}(H2O)]2+ is able to oxidize both of the
molecules and generate energies as in the fuel and
solar cells [1]. To understand the mechanism behind
such an interesting bifunctional catalyst, in the present
study, we performed density functional theory (DFT)
calculations on the dual catalytic cycle of H2 and H2O
oxidations by the iridium aqua complex [2]. In the
H2 oxidation, we found that the H–H bond is easily
cleaved in a heterolytic fashion, and the resultant
iridium hydride complex is significantly stabilized by
the presence of H2O molecules, due to dihydrogen
bond. The rate-determining step of this reaction is
found to be the H2O → H2 ligand substitution with
an activation energy of 10.7 kcal/mol. In the H 2O
oxidation, an iridium oxo complex originating from
an oxidation of the iridium aqua complex forms a
hydroperoxide complex, where an O–O bond is
formed with an activation energy of 21.0 kcal/mol.
Such a relatively low activation barrier is possible only
when at least two H2O molecules are present in the
reaction, allowing the water nucleophilic attack (WNA)
mechanism to take place. The present study suggests
and discusses in detail six reaction steps required for
the dual catalytic cycle to complete.
Impact of TiO 2 -II Phase Stabilized in Anatase
Matrix by High Pressure Torsion on Electrocatalytic
Hydrogen Production (PI. T. Ishihara)
We achieved high photocatalytic performance on a
high-pressure ZnO phase using high-pressure torsion
(HPT) straining and then applied it to other reactions
[3]. Electrocatalysis using renewable energy sources
provides a clean technology to produce hydrogen from
water. TiO2 is considered as a potential electrocatalyst
not only for hydrogen production but also for CO 2
conversion. In this study, to enhance the cathodic
electrocatalytic activity of TiO2, the phase composition
on TiO2 surface was modified by inclusion of the highpressure TiO 2-II phase [4]. Detailed spectroscopic
studies revealed that the energy band gap is reduced
and the valence band energy increased with increasing
the TiO2-II fraction. The highest electrocatalytic activity
for hydrogen production was achieved on an anatase-
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rich nanocomposite containing TiO2-II nanograins.
Mitigation of hydrogen-assisted cracking through
deactivation of catalytic surfaces (PI. A. Staykov)
We used theoretical chemistry to elucidate the
mechanisms underlying the interactions of small
molecules with metal surfaces. Fig. 7.1 shows the
adsorption geometry of CO molecule for 50%, 75%
and 100% surface coverage obtained by periodic,
plane wave DFT calculations. The adsorption energy
at 25% surface coverage is -1.90 eV. The adsorption
energy increases with increasing coverage. Eventually,
it takes a positive value when the coverage exceeds
75%. The results show that coverage of 75% or higher
is not favored thermodynamically. This is in clear
contrast to the adsorption behavior of O 2 for which
100% coverage can be achieved.
As shown by Figs. 6.3 and 6.4 (shown p.12), the
effect of CO on hydrogen-accelerated crack growth
was different from that of O2. The results of the DFT
calculations clearly explain this difference. O2 can
cover a catalytic surface at 100%. In addition, the
reaction rate of O2 with the iron surface is higher than
that of CO. As a result, O 2 completely suppresses
hydrogen entry into a material, and this results in a
complete mitigation of hydrogen-accelerated crack
growth. However, since with increasing ΔK the rate
of new surface creation increases, the amount of
available O 2 can become insufficient to achieve
100% coverage. Thus, the mitigation effect of O2 can
disappear at a certain ΔK. On the other hand, CO
exhibits slower reaction rates and imperfect coverage.
Thus although CO reduces hydrogen uptake, its
effect is not as strong as that of O2. With regard to the
loading frequency (Fig. 6.4), reduced frequencies result
in decreased rates of new surface creation. This allows
time for mitigating O2 supply to the crack tip. Thus, the
O2 mitigation effect can continue to operate at large
ranges of ΔK. On the other hand, perfect occupation
of catalytic surfaces by CO cannot be achieved
despite extended times for adsorption, which results in
hydrogen uptake. Thus reduction of loading frequency
provides more time for hydrogen uptake and diffusion
to a crack tip, which can result in embrittlement.

Advancing Fusion of Research Fields

(a) CO coverage 0, 25, 50%

(b) CO coverage 75%

Figure 7.1. Atomistic hydrogen absorption in the subsurface layer of (110) iron surfaces at various levels of CO coverage. Adsorption
energy was calculated equal to -1.90 eV for 25% coverage, -1.45 eV for 25-50% coverage, -1.08 eV for 50-75% coverage, and 1.06
eV for 75-100% coverage.
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Advanced Energy Conversion Systems
Opto-ionics (PI H. Tuller)
Ionic and mixed ionic-electronic conductors (MIEC)
play strategic roles in energy conversion applications
such as fuel cells, batteries, and permeation
membranes. Most cost-effective production methods
result in polycrystalline microstructures with grain
boundaries, where the crystallographic periodicity
is interrupted. Due to their often high resistance and
large activation energies, grain boundaries represent
a ubiquitous problem to overcome, especially for
low temperature applications. Space-charge potential
barriers, featuring depletion zones and band bending,
forming at the interface between adjacent grains, have
been used to explain the blocking nature of grain
boundaries.
In the fields of photoelectrochemistry and solar energy
conversion, above band-gap light is well-known to
contribute to reduced band bending at interfaces by
providing additional charge carriers to screen potential
barriers. At I2CNER and MIT, Prof. Klotz and PI Prof.
Tuller have applied this concept to ionic conductors
and were able to demonstrate in preliminary studies

that the grain boundary ionic resistance could be
reduced, for example, by up to 72% at 250°C by
illumination with above band-gap light – see Fig. 7.2
[1].
Compared to existing strategies, such as chemical
doping, optical illumination shows a greater level
of control (tunability as well as temporal and spatial
variation). Further, it does not come with common
drawbacks associated with doping such as formation
of insulating impurity phases, induced lattice phase
transitions, changes in grain boundary chemistry
and defect association reducing the bulk ionic
migration. Lastly, this opto-ionic approach opens
new opportunities to characterize grain boundaries
to find ways to overcome their limitations. These
findings and insights are the result of fusion between
electrochemistry and photochemistry, and contribute
to the short- and mid-term milestones relevant to
the grain boundary conduction in Project 1 of the
Advanced Energy Conversion Systems Thrust’s
roadmap.

Figure 7.2. Electrochemical impedance spectra measured on thin films of polycrystalline 3GDCpoly (a) and epitaxially grown
3GDCepi (b) at 250°C for different light intensities. Arrows indicate the decrease in resistance with maximum light intensity. Black
filled symbols represent measurements in dark, open symbols represent measurements under maximum illumination intensity
generated by the 375 nm LED. The intermediate curves (only (a)), represented by grey filled symbols, represent measurements at
25% of maximum illumination intensity.
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Atomistic insight of structure and ionic transport at
grain boundaries (PIs T. Lippert and J. Kilner)
An understanding of transport properties of interfaces
is an important part of the optimization of Solid
Oxide Cell (SOC) devices. There are heterogeneous
interfaces associated with the electrode/electrolyte
interface and gas solid interfaces and homogenous
interfaces (grain boundaries) associated with the
ceramic nature of the materials involved. In order to
detail the mass transport properties of the interfaces
their structure must be understood at multiple length
scales. This interdisciplinary effort involved the
combination of experimental groups and theoretical
modelers to detail the structure of the interface of two
ionic conductors, often used as an electron blocking
interface for ceria-based electrolytes that have a high
conductivity at low temperatures but suffer from small
amounts of electronic leakage current. This work
simulated materials made by pulsed laser deposition
and used multiscale modelling to model both the
microstructure, nanostructure and electronic structure

of the interface for comparison with experiment [2].
This corresponds to the general aim of project 1 of
gaining a “Fundamental understanding and design of
electrode and electrolyte materials and interfaces” and
the specific milestone “Establish strategies to mitigate
electronic leakage.”
References
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Multiscale Science and Engineering for Energy
and the Environment
Persistent homology for direct prediction of
hydraulic/elastic properties from digital rock models
(PI. T. Tsuji)
We used an applied topology apparatus to characterize
the pore geometry of rock structures, in particular
to estimate their permeability and elastic moduli. As
pores are notoriously heterogeneous, they exhibit
persistent homology that is exploited to understand
the geometry where the relevant scales are a priori
unknown. Based on persistence diagrams (i.e., product
of persistent homology), we suceeded in examining the
time-dependent evolution of 3D morphology of cracks
during the tensile experiments [1]. We were the first in
developing novel comparison metrics and predictors
based on persistent homology in rock physics studies.
By linking such parameters derived from persistence
results to hydrologic and elastic properties, this
approach has significant potential to facilitate the
development of new models to predict physical/elastic/
hydraulic properties directly from pore geometry [2].
These results contribute to the short-term milestones in
Project (ii-1) of the Multiscale Science and Engineering
for Energy and the Environment Thrust’s roadmap.
Social Equity Impacts of Energy Transitions from a
Consumption and Resource Management Point of
View (PI. A. Chapman)
Building on the energy transitions and social equity
work which is being progressed in the Multiscale
Science and Engineering for Energy and the
Environment thrust, a collaborative approach has
begun with other national (Tohoku and Nagasaki
universities) and international universities (University
of Sydney) to broaden these assessments to include
technological progression, input-output consumption
and res o urce ma na g e me nt i m pa c ts . A n early
example of this ongoing work analyzes the potential
for improved carbon management through deeper
consideration of household consumption and recycling
initiatives [3].
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Returning Results to Society
The relevance of I 2 CNER’s research efforts and
objectives in FY2019 toward enabling the green
innovation initiative of the government of Japan is
evidenced through 11 new collaborative projects
with industry as well as the 6 projects that resulted
in technology transfer events, with one of those also
including a patent granted. A detailed list of all the
I 2CNER Technology Transfer Events is outlined in
the report “Technology Transfer Summary: I2CNER’s
Interaction With and Impact on Industry.” In FY19,
I 2CNER filed for 49 patents, and was granted 11,
bringing the total number of patent applications since
inception to 288 and patents awarded to 77.

FY2018 with Toshiba into the development
of a short stack of co-electrolysis cell for H2O
and CO2 based on LSGM and YSZ electrolytes
(Fig. 8.1).
In the Multiscale Science and Engineering for Energy
and the Environment Thrust:
C )	PI Tsuji and Prof. Ikeda’s surface wave
analysis method will be incorporated in the
commercial software of Oyo Corporation.
D )	PI Watanabe transitioned a collaboration
beginning in FY2018 with Kawasaki Heavy
Industries, JFE Engineering Ltd, and Hitachi
Zosen Ltd to develop a simulation tool, now
used by each company in the assessment of
the performance of the Stoker-type municipal
solid fuel combustion (Fig. 8.2).
E )	P I Saha developed, with Bry Air Asia, a
hybrid adsorber/desorber heat exchanger for
application in adsorption heat pumps. This
technology also resulted in a patent granted
jointly (Fig. 8.3).
F)	A longside Tokyo Ohka Kogyo Co. Ltd, PI
Fujikawa developed a methodology for
the molecular modification and surface
functionalization of polymer films. This began
as an industry collaboration in FY2018 as
the development of the fabrication process of
nanomembranes at large scale.

Representative examples of technology transfer
include:
PI Sugimura’s team in the Advanced Energy Materials
Thrust:
A )	Prof. Sawae and Prof. Morita, with Hitachi
Industrial Equipment Systems Co. Ltd.,
conducted a study to understand the wear
mechanism of polymeric composites, which
resulted in their use as a sealing element in
gas compressors.
PI Ishihara’s team in the Advanced Energy Conversions
Systems Thrust:
B )	Transitioned an industry collaboration from

   







Fig. 8.1. High performance cathode materials for solid oxide cells for the
simultaneous electrolytic reduction of CO2 and H2O into CO and H2 (syngas)

g. 8.1. High performance cathode materials for solid oxide cells for the simultaneous
ectrolytic reduction of CO2 and H2O into CO and H2 (syngas)

Fig. 8.2. 3D gas-solid transient simulation for

Fig. 8.3. Hybrid adsorber/desorber heat exchanger
Fig. 8.3. Hybrid adsorber/desorber heat exchanger
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Figure 9. This map includes the home institutions of I2CNER’s foreign WPI faculty as well as those institutions with
which I2CNER has academic agreements.

Globalization by the Numbers
In FY2019 there were a significant number of
international activities that enhanced I2CNER’s global
visibility.
• The Institute’s researchers were responsible for
organizing, co-organizing, or serving on the scientific
committees for 17 international conferences (224 in
total since inception); 41 international conference
sessions/symposia or workshops (319 since
inception); and 9 I2CNER international workshops (77
since inception).
• Our researchers have given 144 keynote, plenary,
and invited presentations in international
conferences and fora (709 since inception).
• Our researchers have joint publications with
researchers from 151 new institutions (724 in total
since inception).
• Between its inception and March 31, 2020, the
Institute has hosted a total of 90 graduate and
undergraduate students from various institutions
around the world, including Illinois. The numbers
of visiting students each year include: 1 (FY2010),
9 (FY2011), 6 (FY2012), 7 (FY2013), 7 (FY2014), 6
(FY2015), 10 (FY2016), 17 (FY2017), 10 (FY2018)
and 17 (FY2019). Of these, 63 stayed for more than
a month at KU. Of the 90 total visiting students, 44
students were from Illinois and 29 stayed for more
than one month.
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i) Int'l conferences (total 224)

FY2010-18
FY2019

207

17

ii) Int'l sessions/symposia/workshops (total 319)

278

41

iii) I 2CNER int'l workshops (total 77)

68

9

Lecture in Int'l conferences/fora (total 709)

565

144

Institutions with which I 2CNER researchers have joint
publications (total 724)

573

151

Visiting students (total 90)

73

17

Network of International Collaborations

Partnership for International Research and Education
(PIRE)
The Partnership for International Research and
Education, a cooperative program between NSF and
JSPS, is one of the most prestigious and competitive
awards among the international programs of NSF.
PIRE provides funding for international joint research
carried out between U.S. universities and their
counterparts in Japan to generate new knowledge and
discoveries; promote a diverse, globally engaged U.S./
Japan workforce; and build the institutional capacity
of U.S./Japan institutions to engage in productive
international collaborations. The 2015 five-year PIRE
grant, “Integrated Computational Materials Engineering
for Active Materials and Interfaces in Chemical Fuel
Production,” awarded jointly to Illinois and I2CNER, is
a result of I2CNER’s successful fusion of computational
science with experiment. The project brings together
researchers from Illinois, Kyushu, Northwestern
University, Imperial College London, and the
University of California, Berkeley (UCB). This project
is also an example of the synergistic capabilities of
the KU-Illinois partnership. In FY2019, under the
two-month PIRE/x-FU(s)ION (eXchange: FUkuoka,
Illinois, califOrnia, Northwestern) exchange program,
seven American students (six from Illinois and one
from UCB) carried out research at I2CNER from June 2
through August 2, 2019.

Transport (SOIFIT).” This grant was awarded beginning
in FY2017 for a total of five years. Three I 2CNER
postdoctoral researchers—Dr. V. Thoréton, Dr. D. Klotz,
and Dr. K. Ghuman Kaur— studied at the counterpart
research institutions for visits lasting from five weeks to
two months.
Collaborative Foreign Exchange Program
In July 2013, I2CNER established the Collaborative
Foreign Exchange Program to encourage young
researchers to visit our overseas collaborating
institutions. So far, 21 young researchers had their
proposals approved, and 14 of them visited the Illinois
satellite campus for extended periods between one
and nine months. Through this program, in FY2017,
Prof. S. Harish stayed at the University of Edinburgh
and Prof. N. D. Hoa stayed at the Illinois satellite, each
for five months. In FY2018, Prof. D. Orejon also spent
four months at Illinois.
Partnership with the University of Göttingen
Prof. Reiner Kirchheim, an elected member of the
United States National Academy of Engineering,
and Prof. Petros Sofronis, I2CNER’s Director, led the
collaboration between Kyushu University and the
University of Göttingen to establish an International
Research Training Group co-funded by the German
Research Foundation (DFG) and JSPS. On January 6,
2018, Profs. Cynthia Volkert and Christian Jooss from
the University of Göttingen visited I2CNER. In April
2018, a two-day KU/Göttingen workshop was also
organized at Göttingen, and the KU and Göttingen
teams identified and constructed the research themes
of the joint proposal. In the joint Ph.D. program,
doctoral students visit their counterpart institute for
one year to participate in research and educational
activities. The concept paper was finalized for
submission to DFG in Summer 2019, with the full
proposal submitted in Spring 2020. Similarly, the full
proposal for JSPS was submitted in Fall 2020.

JSPS Core-to-Core Program
The JSPS Core-to-Core program is designed to
create world-class research centers that have lasting
partnerships with research institutions around the
world in order to advance research in leadingedge fields on issues of high international priority.
Core-to-Core provides funding for an international
joint research project carried out between I 2CNER,
Imperial College, London, Paul Scherrer Institut
(PSI, Switzerland), and the Massachusetts Institute of
Technology on “Solid Oxide Interfaces for Faster Ion

Prof. Cynthia A. Volkert (University of Göttingen) engages in a
discussion
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Energizing the world and the future by strengthening
research and cultural bridges across the Pacific
(I2CNER’s 10th Anniversary Symposium in Tokyo)

(left to right) Petros Sofronis, I2CNER Director; Rashid Bashir, Dean, Grainger College of Engineering, UIUC; Yoshio Yamawaki,
Senior Deputy Minister, MEXT; Chiharu Kubo, President, KU; Nicholas Hill, Deputy Chief of Mission, The U.S. Embassy in
Japan; Akira Ukawa, Program Director, WPI; Ross Matzkin-Bridger, Energy Attaché, DOE Director, U.S. Embassy in Tokyo

Michael Celia, Director, Princeton
Environmental Institute, Princeton
University

Katsuhiko Hirose, CEO Chief
Consultant, HyWealth Co.

Since its inception, I 2 CNER has held an annual
symposium, which has evolved over time from
an event that celebrates the current research
achievements of its thematic research areas (divisions)
to an exploratory forum that focuses on a single
research topic that is highly relevant to I 2CNER’s
research portfolio and the international community.
Additionally, to explore new ways to best represent
their thematic research areas, each of I 2 CNER’s
divisions holds international workshops with several
researchers and engineers.
In December 2019, I 2 CNER’s 10th Anniversary
Symposium in Tokyo was held at Hitotsubashi Hall
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(left to right) George Crabtree, Joint Center for Energy Storage
Research Argonne National Laboratory; Ken Okazaki, Global
Hydrogen Energy Research Unit, Institute for Innovative
Research, Tokyo Institute of Technology; Yukihiro Higashi,
NEXT-RP, I2CNER; Kathryn Huff, UIUC

in Tokyo to present and promote I2CNER’s research
outcomes that had been developed as part of the WPI
Research Center Initiatives over the last 10 years. It
was attended by academics, industry researchers, and
members of the public. The theme of the symposium
was “Energizing the world and the future by
strengthening research and cultural bridges across the
Pacific.”
During the panel discussion, researchers from
the Energy Analysis and the Thermal Science and
Engineering divisions joined the discussion, debating
several technologies proposed to solve the issue
of CO 2 emissions. The invited speaker, Dr. George

Energizing the world and the future by strengthening research and cultural bridges across the Pacific

Crabtree, director of the Joint Center for Energy Storage
Research at Argonne National Laboratory, urged the
importance of communicating with the community,
government agencies, and private companies to
decarbonize society for energy needs.

Participants heard discussions concerning state-of-theart technologies such as batteries for energy storage
or hydrogen energy, as well as the societal issues
affecting climate change.

December 16, 2019
Opening Remarks/Greetings

Chiharu Kubo, President, Kyushu University
Yoshio Yamawaki, Senior Deputy Minister, Ministry of Education, Culture, Sports, Science and Technology (MEXT)
Akira Ukawa, Program Director, World Premier International Research Center Initiative (WPI)
Nicholas Hill, Deputy Chief of Mission, The U.S. Embassy in Japan

Program
Speaker

Session I :
I2CNER’s “Headline”
Successes

Session II :
Energy Transitions

Electrochemical energy conversion
Tatsumi Ishihara1, Nicola Perry2
1
Lead Principal Investigator, Molecular Photoconversion Devices Research Division,
I2CNER
2
Materials Science and Engineering, University of Illinois Urbana-Champaign, I2CNER
Structural materials in gaseous environments
Masanobu Kubota1, Akihide Nagao2
1
Principal Investigator, Hydrogen Materials Compatibility Research Division, I2CNER
2
WPI Visiting Scholar, I2CNER
CO2 management
Shigenori Fujikawa1, Takeshi Tsuji2
1
Lead Principal Investigator, CO2 Capture and Utilization Research Division, I2CNER
2
Lead Principal Investigator, CO2 Storage Research Division, I2CNER
Catalysis for 21st century energy technologies
Seiji Ogo1, Miho Yamauchi2
1
Lead Principal Investigator, Catalytic Materials Transformations Research Division,
I2CNER
2
Principal Investigator, Catalytic Materials Transformations Research Division, I2CNER
Hydrogen-powered Japan/World
Katsuhiko Hirose, CEO Chief Consultant, HyWealth Co., I2CNER
Energy Trends in the United States
Ross Matzkin-Bridger, Energy Attaché, DOE Director, U.S. Embassy in Tokyo

Pushing toward the hydrogen-energy-based economy to realize a future carbon
neutral society in Japan
Ken Okazaki, Unit Leader, Global Hydrogen Energy Research Unit Institute for
Innovative Research Tokyo Institute of Technology
The Role of CCUS in the Global Management of CO2 Emissions
Michael Celia, Director, Princeton Environmental Institute, Princeton University
Session III :
Foundation and Roadmap I2CNER External Advisory Committee Member
The Role of Negative CO2 Emission in the Carbon-Neutral World
to the Future
Toyoki Kunitake, Institute for Advanced Study, Kyushu University; Nano Membrane
Technology, Ltd.
Energy Without Carbon
George Crabtree, Director, Joint Center for Energy Storage Research, Argonne
National Laboratory
Panel Discussion

James Stubbins, Moderator
Department of Nuclear, Plasma, and Radiological Engineering, University of Illinois
Urbana-Champaign, I2CNER

Closing Remarks
Rashid Bashir, Dean, The Grainger College of Engineering, University of Illinois Urbana-Champaign
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Distinguished Visitors

May 21, 2019 Mr. Masaki Noke (right) Ambassador of the
Japanese Embassy in Egypt

May 27, 2019 Prof. Peixue Jiang (center), Professor and Dean
of the Department of Energy and Power Engineering, Tsinghua
University, China

October 2, 2019 Dr. Kamel Maziz, Director of Development
and External Partnerships; Dr. Kazutoshi Iida, Managing
Director; Dr. Laurent Prost, Materials Science Group Manager;
Dr. Paulo Wiff, Researcher, Air Liquide Laboratories

December 9, 2019 Dr. Reitumetse Obakeng Mabokela
(center), Vice Provost for International Affairs and Global
Strategies, UIUC, USA

January 8, 2020 Mr. Shigeharu Kato (right), Executive Director,
Riken
I2CNER has always hosted a large number of visitors and students,
but since 2017 I2CNER significantly increased its student outreach
efforts and hosted several more school field trips.
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Seminars
The I2CNER Seminar Series (ISS)
One of the most important goals of the I2CNER Seminar Series is to engage key members of the international community
from academia, national laboratories, industry, and government agencies (policy makers). In FY2019, the Institute hosted
seven speakers (five non-Japanese) for I2CNER Seminars. Cumulatively, 168 speakers have presented at 164 I2CNER
Seminars.

Selected ISS speakers
May 27, 2019
Prof. Peixue Jiang

July 24, 2019
Prof. Xiulin Ruan

May 31, 2019
Prof. Nils Meetzler-Nolte

October 17, 2019
Prof. Huasheng Wang

Professor, Tsinghua University, China
Title: Fluid Flow and Convection Heat Transfer in
Energy and Power Engineering Applications

Professor, Ruhr-University Bochum, Germany
Title: A Bioorganometallic Journey from Peptide
Bioconjugates to Novel Metal-based Antibiotics

June 10, 2019
Prof. Robert H. Socolow

Professor, Princeton University, USA
Title: Climate Change and Carbon Management

Professor, Purdue University, USA
Title: Higher-order, Non-equilibrium, and Nonlinear
Phonon Transport in Emerging Materials

Professor, Queen Mary University of London, UK
Title: Inverse Measurement of Condensation Heat
Transfer in Microchannels Implementation and
Validation

December 11, 2019
Prof. Hiroyoshi Kawakami

Professor, Tokyo Metropolitan University, Japan
Title: CO2 Management by Mixed Matrix Membranes
Containing Nanoparticles with Gas Permeable Nanospace

Institute Interest Seminar Series (IISS)
Since the inception of the Institute, young researchers have been presenting lectures at the Institute Interest Seminar Series
(IISS), the goal of which is to initiate interdisciplinary collaborations and train young researchers to present before general
scientific audiences outside their areas of expertise. In FY2019, 47 speakers presented at 27 Institute Interest Seminars.
Cumulatively, 303 speakers have presented at 170 seminars.

Selected IISS speakers
April 1, 2019
Dr. Roman Selyanchyn

November 8, 2019
Dr. Tatsuya Ando

April 8, 2019
Dr. Veeramani Vediyappan

October 25, 2018
Dr. Nguyen Dinh Hoa

CO2 Capture and Utilization Division
Title: Crucial Role of Interface Between Layers in Thinfilm Composite Membranes for Highly Efficient CO2/
N2 Separation

Electrochemical Energy Conversion Division
Title: Bifunctional Oxygen Electrocatalysts- Manganese
Anchored with Holey Graphene-Nickel Disulfide

October 7, 2019
Dr. Junfang Cheng

Electrochemical Energy Conversion Division
Title: Impact of Ir-Valence Control and Surface
Nanostructure on Oxygen Evolution Reaction over a
Highly Efficient Ir-TiO2 Nanorod Catalyst

Catalytic Materials Transformations Division
Title: Efficient Hydrogen Production Using Proton
Exchange Membrane Water Electrolysis - Precious
Metals/hydrophobic Gas Diffusion Layer

Energy Analysis Division
Title: Cooperative Optimization for Energy Systems

January 23, 2020
Dr. Kaname Matsue

Hydrogen Materials Compatibility Division
Title: On Numerical and Mathematical Description of
Premixed Flame Dynamics
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Selected Awards
DATE

AWARD / PRIZE

AWARDING ORGANIZATION

AWARD RECIPIENT

Motonori Watanabe

Apr. 17, 2019

The Young Scientists’ Prize

The Commendation for Science
and Technology by the Minister of
Education,Culture, Sports, Science
and Technology

May 21, 2019

2019 Fellow

Society of Tribologists and
Lubrication Engineers (STLE)

Joichi Sugimura

Aug. 1, 2019

Masao Horiba Award

The Horiba Group

Nguyen Dinh Hoa

Aug. 29, 2019

JST Academic Startups Award

The Japan Minister of Economy,
Trade and Industry

Chihaya Adachi

Oct. 15, 2019

Advanced Powder Technology
Distinguished Paper Award

The Society of Powder Technology,
Japan

Hiroaki Watanabe

Oct. 30, 2019

Young Oral Presentation Award

The 141st Society of Exploration
Geologists of Japan Conference

Dec. 6, 2019

NICE STEP Researcher Award

NISTEP, MEXT

Jan. 20, 2020

MDPI Poster Prize

Asia-Pacific International
Conference on Perovskite, Organic
Photovoltaics and Optoelectronics
(IPEROP20), Tsukuba, Japan

Ganbaatar Tumen-Ulzii,
Toshinori Matsushima, Dino
Klotz, Chuanjiang Qin, and
Chihaya Adachi

Jan. 30, 2020

CAREER Award

National Science Foundation, USA

Nicola H. Perry

May 15, 2020

2020 Frank Kreith Energy Award

American Society of Mechanical
Engineers (ASME)

Petros Sofronis

Prof. Lyth’s NICE STEP Reseacher Award

Stephen Lyth

Prof. Hoa receiving Masao Horiba Award

Prof. Motonori Watanabe’s receiving the Young Scientists’ Prize
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Hiro Nimiya, Tatsunori Ikeda,
and Takeshi Tsuji

Outreach Activities

Outreach Activities
Publications
Hello! I2CNER / Energy Outlook
As part of our efforts to promote the research activities
of I²CNER to the next generation of scientists (e.g.
high school students), we publish a newsletter entitled
“Hello! I²CNER.” In each biannual issue, we highlight
the research of one of the Institute’s research divisions.
The goal of this publication is to help increase general
interest in carbon-neutral energy research among
young future scientists.
In an effort to provide a more formal perspective
on the potential impact of I2CNER’s research, each
issue of Hello! I2CNER is published simultaneously
with another publication, “Energy Outlook.” This
publication presents to the public the perspectives
of industry and government on energy issues. To this end, the main article in nearly every Energy Outlook is an
interview with an industry or government official by an I2CNER researcher, providing a candid view of how an
industry or a branch of the government deals with a given energy issue. This regular interaction with industry and
government not only allows I2CNER to facilitate public awareness of new technologies—a vital part of outreach
for the Institute—but also provides I2CNER researchers with opportunities to gauge the relevance of their ongoing
basic research projects against industry and government perspectives.

Important Energy Issues: Excerpts from an interview with Dr. George Crabtree,
interviewed by Dr. James Stubbins, from the March 2020 issue of “Energy Outlook”
Future Energy: Putting our energy into the fight against climate change
The latest trends in battery research
Dr. Crabtree:
“We have started work on specific batteries, such as
lithium sulfur, as well as magnesium batteries, which
are similar to lithium-ion, except that magnesium
has two chargers instead of the usual one, and results
in twice the energy stored or released whenever a
chemical reaction occurs.
One very interesting battery is called the aqueous
air-breathing sulfur battery, which has two positive
aspects. First, the material cost is the lowest of any of
the proposed batteries because it uses sulfur, water
as the electrolyte, and oxygen from the air as the
cathode. Nothing could be cheaper, more abundant,
or more environmentally friendly. Second, it is capable
of long-duration storage and is able to discharge for 50
or even 100 hours, which lithium-ion cannot do.
As the transition to a more advanced grid progresses,
we will have more wind and solar, which do not
produce energy when it is overcast or calm, so we
need something to back them up, and one possibility
is batteries. These are some of the things we have been
doing.
When the lithium-ion battery was born, nobody

foresaw that it would be the king of personal
electronics, and now it is moving on to other
applications – electric vehicles (EVs) are the most
notable and will become the fastest and biggest in
the next five years. To store that much energy, the
grid needs a thousand times more battery than an EV.
Although there are plenty of lithium-ion deployments
on the grid and in
the pipeline, the
batteries are not
suitable for such
large-scale use.
There is another
battery called the
flow battery which,
instead of a solid
electrode for the
anode and cathode,
has a tank of liquid.
All the chemical
reactions take place
in the liquid, and
redox (reduction–
oxidation) active

Dr. George Crabtree
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materials release electrons into the solution. Because
energy is stored in the electrolyte, the storage capacity
can be scaled linearly. If you want 10 times more
energy, you just make the tank 10 times bigger.”
Working toward a decarbonized energy future
Dr. Crabtree:
“Decarbonization in the industrial sector is probably
the most difficult, because high temperatures – 1,000ºC
to 1,400ºC – are required, and CO2 is released during
production of feedstock materials, such as with
cement production. This CO2 does not come from
simply producing heat; it is an inherent part of the
process. So, batteries will have to play a role. They can
be applied on the electrical cycle to retrofit industrial
processes when you have low-temperature heat. You
can do that with resistive heating. At a bit higher
temperatures you can do it with electric arc heating,
and these require controlling in accordance with the
process. The batteries can help to modulate that up
and down as required.
The other side is how to replace and decarbonize the
inherent carbon emissions from processes themselves.
Carbon capture and sequestration and, even better,
using CO2 to make useful, high-value chemicals would
be some of the solutions.
Some areas are easy to imagine decarbonizing. One is
the electrical grid: people talk about having 85-90%
driven by wind and solar, and that is only possible with
batteries. Although we are far from that stage, we have
the technology to do it, in principle. The second big
area is electric vehicles. That will blossom enormously
and will not only ease the carbon problem but could
be an economic solution as well, as they achieve cost
parity with gasoline engines.
However, for long-haul trucking or shipping, it’s
hard to imagine batteries supplying power to do
that without lots of inconvenience, namely lots of
recharging. That
could mean hours
of downtime for
trucks. And aviation
uses a lot of jet
fuel, which also
emits carbon.

Dr. James Stubbins
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There is a solution,
and that is hydrogen.
It is produced
electrolytically
by splitting water,
is completely
carbon-free, and
can be used as a
combustible fuel.
Hydrogen can be
used for example

in the industrial sector, burned to produce high
temperatures or in conjunction with fuel cells to make
electricity, or to fuel long-distance freight trucks and
ships.
That is an opportunity to further decarbonize most of
the economy. The Intergovernmental Panel on Climate
Change (IPCC) says we need to do it by 2050, so there
is still time to develop the technology. This is one of
the most promising areas.”
Transition to a future energy system
Dr. Stubbins:
“This is one of the things that I2CNER has been heavily
concentrating on. Japan in particular has been leading
a lot of the effort into fuel cell vehicles and other
hydrogen applications, as well as home applications
for heating and electricity generation. How can these
be made complementary rather than competing
technologies?”
Dr. Crabtree:
“Hydrogen can take that model to new heights. It
could be completely connected to the electrical
system. If you had excess electricity, you could
split water to produce hydrogen; if you needed
more electricity, you could turn hydrogen back into
electricity through fuel cells, or simply by burning it
in combustion turbines that use hydrogen to replace
natural gas to generate electricity. This is a very flexible
system and could be a huge benefit to the entire
energy system.”
Dr. Stubbins:
“This is certainly something that could happen in the
U.S. and Japan, and some other places in the world,
but the biggest impact on fossil fuels will be in China,
India and other big economies where there is a similar
kind of grid system.”
Dr. Crabtree:
“A United Nations report in 2019 says that carbon
emissions in the electricity sector in the European
Union and the U.S. have gone down significantly
because they both have begun to phase out coal, but
not in Asia, which still relies on coal. We need to find
a way to deal with the need for more energy, especially
in developing countries, without pumping out more
carbon emissions. For example, India only has a basic
grid, which needs to be upgraded with wind, solar
and batteries to solve decarbonizing problems. These
countries do not need to repeat the path that the EU
and U.S. have followed. Instead of legacy grids and
their problems, let’s go straight to tomorrow’s grid.”
A solution for climate change issues
Dr. Crabtree:
“Scientists need to communicate much more
effectively and simply to policy makers, to countries’
decision makers and to the general public. The other

thing that scientists can offer is technological solutions,
such as hydrogen power, batteries, fuel cells and longduration discharge storage.
The cost of solar energy and wind power has gone
down dramatically in the last 10 years, because of
the learning curve. However, the learning curve has
not happened yet in hydrogen or fuel cells. We need
technologists and scientists to work with policy makers
to make them aware of this possibility.
Developing countries can put in advanced grids,
and that is something we have experience in. We
can certainly innovate to make them even more
resilient, such as by digitizing them and putting energy
management systems in place that automatically shift
power around as needed and deal with emergencies
much more efficiently.

People were talking about geoengineering 10
years ago, but in those days, it was looked on
rather suspiciously. Not because it wouldn’t work,
but because there could be serious unintended
consequences, and carbon might continue to be
released at high levels. Countries all over the globe
would have to cooperate.
The climate change issue is serious, and it’s not going
away.
The most important thing is communicating and acting
on it. As you mentioned, there are two ways to act:
stop emitting carbon and mitigating its effects. There
will be some effects of climate change that we have to
minimize, but what do we do about them? It seems to
be far in the future and it is hard to deal with. We, the
citizens of the world, need to change the way we think
about these things.”
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Outreach Events
2019 E-MRS Spring Meeting (May 27-31, 2019)
WPI was represented by four WPI centers, including I2CNER, at the European Materials Research Society (E-MRS)
2019 Spring Meeting in Nice, France. Founded in 1983, the E-MRS now has more than 4,000 members. I2CNER,
along with AIMR, iCeMS and MANA, ran a WPI booth throughout the event, and outreach staff from the four WPI
centers answered questions and described the centers’ unique research environments and significant achievements.
The booth attracted researchers from a diverse range of fields and countries, including both senior scientists, many
of whom had collaborated with Japanese researchers or had stayed in Japan, and young researchers who were
interested in exploring opportunities for advancing their careers at institutions in Japan.
Super Science High School (SSH) Students Fair (August 7-8, 2019)
The Super Science High School (SSH) Students Fair 2019 took place at the Kobe International Exhibition Hall
hosted by the Ministry of Education, Culture, Sports, Science and Technology (MEXT) and the Japan Science and
Technology Agency (JST). Thirteen WPI centers, including I2CNER, set up a joint exhibition booth and welcomed
many visitors who eagerly listened to demonstrations by each center. The SSH project is aimed at producing
globally competitive and creative human resources by offering advanced education in the areas of science and
mathematics at high schools. Over 3,000 people participated in the event, including 218 SSH designated high
schools and 23 invited high schools from overseas.
69th Science Café @ Fukuoka (September 6, 2019)
Prof. Koji Takahashi gave a lecture at the “69th Science Café @ Fukuoka,” which was held in the evening in a
business event space in the heart of the city. The event drew an audience of approximately 40 people. In her
presentation titled, “Unveiling the relativity of color, light, and energy,” Prof. Takahashi introduced her research on
plasmonic metal nanoparticles for highly efficient photoenergy conversion devices, such as photocatalysts, solar
cells, and sensors. The lecture was followed by a roundtable talk, in which participants discussed their views on
immediate energy issues and showed keen interest in the development of the latest eco-conscious technologies.
Local School Students Visiting I2CNER (September 12 and 20, 2019)
Local junior high school students visited I2CNER as part of a local government project, Itoshima City and Fukuoka
Prefecture, promoting local projects to students. Two junior high schools in Itoshima attended a lecture class
presented by researchers at I2CNER. Prof. Andrew Chapman gave a talk about energy systems in the local area
and Japan. He spoke in fluent Japanese, which immediately captured the students’ attention. The other students
learned about a hydrogen energy society through an experiment demonstrating how hydrogen can be made by a
photocatalytic process.

Outreach staff from WPI centers interacting with
visitors at the 2019 E-MRS Spring Meeting
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Prof. Chapman asking a question to the students
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Press Releases and Media Coverage
Selected Press Releases
DATE

DESCRIPTION

May. 31, 2019

Prof. Chihaya Adachi and Toshinori Matsushima (Advanced Energy Conversion Systems
Thrust)
Organic laser diodes move from dream to reality

Jun. 11, 2019

Prof. Andrew Chapman (Multiscale Science and Engineering for Energy and the Environment
Thrust)
Want effective policy? Ask the locals

Sep. 20, 2019

Prof. Takeshi Tsuji (Multiscale Science and Engineering for Energy and the Environment Thrust)
Untapped resource, or greenhouse gas threat, found below rifting axis off Okinawa coast

Dec. 12, 2019

Profs. Chihaya Adachi and Toshinori Matsushima (Advanced Energy Conversion Systems
Thrust)
Seeing perovskites in a new light

Jan. 29, 2020

Profs. Miho Yamauchi and Takashi Fukushima (Advanced Energy Materials Thrust)
To make amino acids, just add electricity

Selected Media Coverage
DATE

MEDIA OUTLET

DESCRIPTION

May 2019

Online MIT News

Prof. Harry Tuller
Harry Tuller wins Egleston Medal for his electroceramics work

Jun. 2019

The Bangladesh Today

Prof. Bidyut Baran Saha
Dimensionalizing the tertiary education of Bangladesh through
Japanese experience and collaboration

Aug. 2019

Nishi Nippon Shimbun

Prof. Takeshi Tsuji
Influence of the Kumamoto earthquake to the Mt. Aso eruption

Aug. 2019

Nihon Keizai Shimbun

Prof. Nguyen Dinh Hoa
Masao Horiba Award to 3 researchers

Dec. 2019

Nihon Keizai Shimbun

Prof. Yukihiro Higashi
Search for overheating next-generation refrigerants
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I2CNER Structure (as of April 1, 2020)
Organizational Structure

President of Kyushu University: Chiharu KUBO
Executive Vice President for Research: Kazuhide INOUE

I2CNER Director: Petros Sofronis

External Advisory Committee1

Associate
Director:

Associate
Director:

Administrative
Director:

Tatsumi
Ishihara

Hiroshige
Matsumoto

Shunichi
Masuda

Internal Programs Review Committee
Industrial Advisory Board3
Faculty Recruiting Committee

Science Steering Committee2

Next-RP
Research Center for Next Generation
Refrigerant Properties

Platform for International Collaborations and Partnerships

Streamlined Thematic Research Clusters
Advanced Energy Materials

Advanced Energy Conversion Systems

Multiscale Science and Engineering for
Energy and the Environment

Platform for Societal Implementation and Industrial Collaboration
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1) The External Advisory Committee (EAC) makes recommendations on the current status of the Institute and its
future directions and provides the Director with a written report detailing their findings and recommendations. The
full list of members as of April 1, 2020 is as follows:
• Dr. Deborah Myers (Chair), Argonne National Laboratory, USA
• Dr. Kevin Ott (Vice-Chair), Retired, Los Alamos National Laboratory, USA
• Prof. Ronald J. Adrian, Arizona State University, USA, National Academy of Engineering (NAE)
• Prof. Fraser Armstrong, University of Oxford, UK, Fellow of the Royal Society (FRS)
• Prof. Michael Celia, Princeton University, USA, Nobel Laureate
• Dr. Robert J. Finley, Illinois State Geological Survey, USA
• Dr. Monterey Gardiner, BMW Japan (formerly with DOE), Japan
• Prof. Reiner Kirchheim, University of Göttingen, Germany
• Prof. Robert McMeeking, University of California, Santa Barbara, USA, National Academy of Engineering
(NAE)
• Prof. Tetsuo Shoji, Tohoku University, Japan

2) The Science Steering Committee (SSC) is chaired by the Director, and its members are the two Associate
Directors and the lead PIs of the thrusts. The SSC is the body that reviews and advises on all matters of the Institute,
e.g. planning and operation of research activities, budget implementation, international collaborations, and
outreach.

3) In FY2017, I2CNER established the Industrial Advisory Board (IAB), whose members are prominent executives
from industry, government agencies, and national laboratories that advise I2CNER on opportunities for interactions
with industry and technology transfer. The first IAB meeting was held on February 1, 2018 and was attended by
9 out of 10 IAB members. The meeting provided invaluable inputs to I2CNER researchers on areas that industries
would have interest for promoting the development of new technologies. The full list of members as of April 1,
2020 is as follows:
• Mr. Sumitoshi Asakuma, Director & Managing Executive Officer, Sumitomo Bakelite Co., Ltd.
• Dr. Akio Fujibayashi, Technical Fellow, Steel Research Laboratory in JFE Steel Corporation
• Dr. Katsuhiko Hirose, Project General Manager, Hydrogen & Fuel Cell Promotion Group in R&D
Management Division of TOYOTA Motor Corporation
• Dr. Kuniaki Honda, Adviser, Hydrogen Energy Systems Society of Japan
• Mr. Kazutoshi Ida, Managing Director, K.K. AIR LIQUIDE LABORATORIES
• Mr. Tatsumi Maeda, Advisor, KYOCERA Corporation
• Dr. Mark Selby, Chief Technology Officer, Ceres Power, USA
• Dr. Akira Yabe, Lead of Energy System and Hydrogen Unit, Technology Strategy Center in New Energy and
Industrial Technology Development Organization (NEDO)
• Dr. Akira Yamada, Senior Corporate Adviser, Mitsubishi Heavy Industries, Ltd.
• Dr. Hiroyuki Yamamoto, General Manager, Technical Research Center in Mazda Motor Corporation

I2CNER Annual Report 2019

39

Personnel

Personnel (as of April 1, 2020)
Breakdown of Personnel
(Total: 203)
13, 24,
6% 12%

Researchers by Title
(Total: 152)
PI

Principal Investigator (PI)

38,
19%

26,
17%

24,
16%

7,
5%

Research Assistant (RA)
and Other Researcher

20,
13%

28,
18%

Research Support Staff
128,
63%

Professor

Administrative Staff

Asst. Professor
Postdoc.

27,
18%

20,
13%

Assoc. Professor

Research Assistant
Visiting Faculty

Statistics of Researchers by Title
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Postdoc

RA

19

7

Visiting
Faculty
4

11

9

0

22

33%

45%

68%

100%

15%

11%

15%

25%

57%

8%

Total

PI

Prof.

Overseas

66

11

7

Assoc.
Prof.
9

Japanese

86

13

13

18

% Overseas

43%

46%

35%

% Female

13%

4%

0%
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1USD = 100JPY

WPI Grant

($ million USD)
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16
14
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18.2
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12.7

13.2

12.5

4

10.8

10.1

2
0

FY2011 FY2012* FY2013 FY2014 FY2015 FY2016 FY2017 FY2018 FY2019
*WPI Grant of FY2012 includes the supplementary budget worth $5 million USD

Non-WPI Research Grants

($ million USD)
35.0

MEXT* Allocation Funds, KU Competitive Funds,
Donations

30.0

4.8

2.8

1.8

Grants-in-Aid for Scientific Research, Commissioned
Research Project Funds from Industry/Government, etc.

25.0

1.7
20.0
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1.6
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5.0
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1.6

16.0
11.3

6.6
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0.0
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*MEXT is an acronym for Ministry of Education, Culture, Sports, Science and Technology
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Researcher List (as of April 1, 2020)
Administration
Director
Prof. Petros Sofronis
Associate Directors
Prof. Tatsumi Ishihara
Prof. Hiroshige Matsumoto

Principal Investigators
Advanced Energy Conversion Systems Thrust
Prof. Hiroshige Matsumoto (Thrust Lead PI)
Prof. Chihaya Adachi
Prof. Tsuyohiko Fujigaya
Prof. Andrew A. Gewirth, University of Illinois UrbanaChampaign, USA
Prof. Tatsumi Ishihara
Prof. John A. Kilner, Imperial College London, UK
Prof. Thomas Lippert, Paul Scherrer Institut, Switzerland
Prof. Kazunari Sasaki
Assoc. Prof. Aleksandar Tsekov Staykov
Prof. Yasuyuki Takata
Prof. Harry L. Tuller, Massachusetts Institute of Technology,
USA
Advanced Energy Materials Thrust
Prof. Masanobu Kubota (Thrust Lead PI)
Prof. Reiner Kirchheim, University of Göttingen, Germany
Prof. Seiji Ogo
Prof. Petros Sofronis
Dr. Brian Somerday, Southwest Research Institute, USA
Prof. Joichi Sugimura
Prof. Miho Yamauchi
Multiscale Science and Engineering for Energy and the
Environment Thrust
Prof. Takeshi Tsuji (Thrust Lead PI)
Assoc. Prof. Shigenori Fujikawa
Prof. Bidyut Baran Saha
Prof. James Stubbins, University of Illinois Urbana-Champaign,
USA
Prof. Hiroaki Watanabe
Prof. Xing Zhang, Tsinghua University, China

Full-time Faculty & Postdoctoral Associates
Advanced Energy Conversion Systems Thrust
Dr. Takaya Fujisaki
Dr. Sumitomo Hidaka
Dr. Dino Klotz
Assoc. Prof. Toshinori Matsushima
Dr. Lai Qiwen
Dr. Veeramani Vediyappan
Assoc. Prof. Motonori Watanabe
Advanced Energy Materials Thrust
Dr. Kim Chaerin
Dr. Junfang Cheng
Dr. Takashi Fukushima
Dr. Miho Isegawa
Prof. Naotoshi Nakashima
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Dr. Jin Nishida
Dr. Tomohiro Noguchi
Dr. Ganasan Pandian
Assoc. Prof. Yukina Takahashi
Assoc. Prof. Ki-Seok Yoon
Multiscale Science and Engineering for Energy and the
Environment Thrust
Assoc. Prof. Andrew Chapman
Asst. Prof. Nguyen Dinh Hoa
Prof. Kenshi Itaoka
Platform for International Collaborations and Partnerships
Assoc. Prof. Kaveh Edalati (AECS Thrust)
Asst. Prof. Leonard Kwati (AECS Thrust)
Asst. Prof. Roman Selyanchyn (MSEEE Thrust)
Assoc. Prof. Ikuo Taniguchi (MSEEE Thrust)
Platform for Societal Implementation and Industrial
Collaboration
Assoc. Prof. Hackho Kim (AECS Thrust)
Research Center for Next Generation Refrigerant Properties
Prof. Yukihiro Higashi

Satellite Faculty & Postdoctoral Associates
Advanced Energy Conversion Systems Thrust
Assoc. Prof. Elif Ertekin
Prof. Andrew Gewirth
Assoc. Prof. Nenad Miljkovic
Asst. Prof. Nicola Helen Perry
Prof. Angus Rockett
Prof. Hong Yang
Advanced Energy Materials Thrust
Prof. Paul J. A. Kenis
Multiscale Science and Engineering for Energy and the
Environment Thrust
Prof. Kenneth Christensen
Asst. Prof. Kathryn Huff
Prof. James Stubbins

Part-time Faculty & Postdoctoral Associates
Advanced Energy Conversion Systems Thrust
Prof. Etsuo Akiba
Asst. Prof. Kenichi Goushi
Dr. George Harrington
Prof. Kohei Ito
Dr. Byeongsu Kang
Dr. Yoonyoung Kim
Asst. Prof. Yutaku Kita
Prof. Masamichi Kohno
Dr. Nuttavut Kosem
Assoc. Prof. Hai-Wen Li
Dr. Huan Li
Asst. Prof. Qin-Yi Li
Assoc. Prof. Stephen Lyth
Assoc. Prof. Junko Matsuda

Researcher List

Prof. Shoji Mori
Assoc. Prof. Hajime Nakanotani
Assoc. Prof. Masamichi Nishihara
Assoc. Prof. Naoya Sakoda
Assoc. Prof. Tomohiro Shiraki
Dr. Minkyu Son
Asst. Prof. Juntae Song
Prof. Koji Takahashi
Assoc. Prof. Atsushi Takagaki
Asst. Prof. Naoki Tanaka
Dr. Hui Ling Tan
Dr. Zhe Tan
Dr. Wu Kuan Ting
Dr. Toshihiko Yokota
Dr. Zhenying Wang
Prof. Kazunari Yoshizawa

Multiscale Science and Engineering for Energy and the
Environment Thrust
Dr. Makoto Akai, National Institute of Advanced Industrial
Science and Technology
Asst. Prof. Jiang Fei, Yamaguchi University, Japan
Prof. Benny Freeman, University of Texas at Austin, USA
Prof. Yasumasa Fujii, University of Tokyo, Japan
Dr. Katsuhiko Hirose, Toyota Motor Corporation, Japan
Prof. Kuniaki Honda
Asst. Prof. Jihui Jia, China University of Petroleum
Dr. Seiichiro Kimura, Renewable Energy Institute, Japan
Dr. Toyoki Kunitake, Kitakyushu Foundation for the
Advancement of Industry Science and Technology, Japan
Prof. Atsushi Kurosawa, Institute of Applied Energy, Japan
Science and Technology, Japan
Dr. Osamu Nishizawa

Advanced Energy Materials Thrust
Dr. Tatsuya Ando
Asst. Prof. Takuro Masumura
Dr. Takuo Minato
Assoc. Prof. Takahiro Matsumoto
Prof. Hisao Matsunaga
Asst. Prof. Takehiro Morita
Assoc. Prof. Hironobu Ozawa
Prof. Yoshinori Sawae
Asst. Prof. Hiroyoshi Tanaka
Prof. Toshihiro Tsuchiyama
Assoc. Prof. Tatsuya Uchida
Assoc. Prof. Kazuyuki Yagi
Assoc. Prof. Tetsuo Yamaguchi
Asst. Prof. Kosei Yamauchi
Asst. Prof. Takeshi Yatabe

Platform for Societal Implementation and Industrial
Collaboration
Dr. Munetaka Higuchi, Mazda Motor Corp., Japan
Assoc. Prof. Suguru Ikeda, Mazda Motor Corp., Japan
Dr. Soichiro Ikeda, Mazda Motor Corp., Japan
Dr. Hiroyuki Koga, Mazda Motor Corp., Japan
Dr. Susumu Mineoi, Mazda Motor Corp., Japan
Dr. Junichi Shigeto, Mazda Motor Corp., Japan
Research Center for Next Generation Refrigerant Properties
Prof. Ryo Akasaka, Kyushu Sangyo University, Japan
Prof. Chieko Kondo, Nagasaki University, Japan
Prof. Akio Miyara, Saga University, Japan

Multiscale Science and Engineering for Energy and the
Environment Thrust
Asst. Prof. Yoshifumi Amamoto
Asst. Prof. Jiang Fei
Dr. Miksik Frantisek
Asst. Prof. Tatsunori Ikeda
Assoc. Prof. Ken Kojio
Asst. Prof. Kaname Matsue
Assoc. Prof. Jin Miyawaki
Prof. Takahiko Miyazaki
Assoc. Prof. Atsuomi Shundo
Assoc. Prof. Kyaw Thu
Dr. Panlong Yu

Visiting Professors & Scholars
Advanced Energy Conversion Systems Thrust
Assoc. Prof. Daniel Orejon, University of Edinburgh, UK
Prof. Sushanta Mitra, University of Waterloo, Canada
Dr. Kenshi Mitsuishi, Mitsui Chemicals, Inc., Japan
Prof. Khellil Sefiane, University of Edinburgh, UK
Asst. Prof. Helena Tellez-Lozano
Advanced Energy Materials Thrust
Prof. Nikolaos Aravas, University of Thessaly, Greece
Asst. Prof. Ryosuke Komoda, Fukuoka University, Japan
Dr. Kinya Kumazawa, Japan Institute for Promoting Invention
and Innovation
Assoc. Prof. Arnaud Macadre, Yamaguchi University, Japan
Dr. Akihide Nagao, Air Liquide Laboratories, Japan
Prof. Robert O. Ritchie, University of California, Berkeley, USA
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Access Map

Access Map
Map of Fukuoka City

STEM 分野における諸
外国の女性活躍エビデ
ンス
5min.

5min.
Hakata
Station

Tenjin
Station

14min.

10min.

Fukuoka
Airport From Fukuoka Airport,Hakata Station, At Meinohama Station:
or Tenjin Station:
Take a train on the Fukuoka City Subway
bound for “Meinohama” or “ChikuzenMaebaru/Karatsu/Nishi-Karatsu.”

34min.

15min.

Meinohama
Station

If your train’s destination is “Meinohama,”
transfer to a JR Kyushu train bound for
“Chikuzen-Maebaru/Karatsu/Nishi-Karatsu.”
If your train’s destination is “ChikuzenMaebaru/Karatsu/Nishi-Karatsu,”
no transfer is requierd at Meinohama Sta.

Kyudai
Kyudai
gakkentoshi At Kyudaigakkentoshi Big Orange-mae/
Central Library
Station
Station:
Transfer to Showa bus
bound for
Kyushu University’s
Ito Campus.

15min.

Campus Map

International Institute for Carbon-Neutral Energy Research
(I2CNER), Kyushu University
Address: 744 Motooka, Nishi-ku, Fukuoka 819-0395, Japan
Phone: +81 (0)92-802-6932 Fax: +81 (0)92-802-6939
Website: i2cner.kyushu-u.ac.jp
Facebook: www.facebook.com/I2CNER.news
Twitter: twitter.com/I2CNER
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The overhead view of the new I²CNER building portrays the *Keeling Curve, which rises over time, to
indicate that I2CNER’s research will eventually contribute to the downward turn of this curve.
*In 1958, Charles David Keeling began making daily measurements of the concentration of atmospheric
carbon dioxide (CO2) at the Mauna Loa Observatory on the Big Island of Hawaii. Keeling’s measurements
are the first significant evidence of rapidly increasing carbon dioxide in the atmosphere.
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