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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 so as 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
domains,
establishing
international
research
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 top-notch researchers from around
the world
Attractive Research and Living Environment of Top
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 functions for researchers
• Facilities and equipment appropriate to a top
world-level 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 them
with long-term, large-scale financial support.
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Message from the Director

Message from the Director
It is a tremendously exciting time to be a part of the efforts that are ongoing at
I2CNER. As it enters its ninth year, the institute’s momentum and scientific impact
continue to increase rapidly. Many metrics support this claim: the number of
scientific discoveries and breakthroughs has increased dramatically as have
the technology transfers to industry; the number of industrial partnerships has
increased as have the number of international universities seeking partnerships
with I2CNER.
I2CNER’s grand challenge is to develop the foundations for the engineering of
energy systems that will address Japan’s future energy needs and contribute
to the reduction of the nation’s CO2 emissions by 70% from the 1990 levels
by 2050. The impact of I2CNER’s research on CO2 emission reductions is
summarized in an I2CNER Report, entitled “Toward 2050: Contributing to a
Low Carbon Energy Society,” which outlines both the direct CO2 reductions
enabled by I2CNER research thrusts and the industry contributions, which
are underpinned by these innovations. Thus, as a result of our current
accomplishments, approximately 0.42% of the total required CO2 reductions,
and as a result of our projected future achievements, approximately 5.38%
of the total required reductions can be realized by I2CNER technologies and
innovations if they are applied to appropriate energy systems. Significantly,
in addition to I2CNER’s direct contributions, development and implementation
of I2CNER’s relevant technology efforts will account for a further 35.3% of
the 2050 target, which demonstrates that I2CNER’s research efforts underpin
impactful energy technologies. The relevance of the I2CNER research efforts
and objectives to enabling the green innovation initiative of the government
of Japan is demonstrated by the 24 new collaborative industrial projects in
FY2017 (104 in total since inception).
I2CNER has established itself as a worldwide brand by making international,
collaboration-driven transformational scientific advances which will lead to
a carbon-neutral energy society. The high-impact transformational reforms
being instituted by the Kyushu University Administration with I2CNER’s help,
as well as I2CNER’s strategy for furthering technology-driven research, are also
positioning Kyushu University on the map of academic and energy technology
leaders.
Given the typical timescales associated with well-to-wheel implementation of
carbon-neutral energy technologies, here at I2CNER, we cannot help but talk
about the future. We are always considering what is next for the Institute and
what is next for society as a whole. What’s more, we are constantly looking for
ways to improve upon what is next by accelerating the transition to a carbonneutral energy society using our basic energy research. Here at I2CNER, our
dream is for our young researchers to have the opportunity to contribute to and
accelerate these developments through the targeted, strategic, and innovative
basic research contributions that they are making to society.

Professor Petros Sofronis, Ph.D.
Director, International Institute for Carbon-Neutral Energy Research
(I2CNER)
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About I2CNER

About I2CNER
Mission
At I2CNER, our mission is to contribute to the
creation of a sustainable and environmentallyfriendly society by conducting fundamental research
for the advancement of low carbon emission and
cost-effective energy systems, and improvement
of energy efficiency. The array of technologies that
I2CNER’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).

Science Organization
The Institute is organized in thematic research
clusters (divisions) which address specific research
objectives. Each research division is led by a
designated WPI Principal Investigator (Lead PI) of the
Institute. Typically, there are several research groups
within each division which focus on individual aspects
of the primary division objectives. The divisions are:
• Molecular Photoconversion Devices
• Hydrogen Materials Compatibility
• Electrochemical Energy Conversion
• Thermal Science and Engineering

• Catalytic Materials Transformations
• CO2 Capture and Utilization
• CO2 Storage
• Energy Analysis (Applied Math for Energy)
Not only are I2CNER’s researchers tasked with crossing
the boundaries of various scientific disciplines, but
they also must work hard to bridge the Pacific Ocean.
The I2CNER project is highly unique, in that it has
its main facility at Kyushu University (KU) in Japan
and a Satellite facility at the University of Illinois at
Urbana-Champaign (UIUC) in the United States. The
research projects at UIUC are complementary to and
integrated with those at KU. In addition, the Satellite
Institute is a hub for identifying and engaging state of
the art research programs and faculty at universities
and other research institutions in the U.S. and
internationally with which I2CNER can collaborate.
These collaborations with first class international
research centers, universities, and national
laboratories help I2CNER to ensure that its mission
has maximum impact in Japan and throughout the
world. In order to sustain its fruitful international
relationships, the I2CNER Administration encourages
the Institute’s researchers to engage in exchange
visits with all its international partners, especially
the Satellite Institute. The symbiotic relationship
between KU and UIUC is exemplary of I2CNER’s
vision for the international collaborations necessary
to achieve breakthroughs in fundamental science.

Fig. 3-1: I2CNER Building 1
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I2CNER Vision

I2CNER Vision

Fig. 4-1: Parameter Space of Technology Options

Background
Our vision of a carbon-neutral energy society (CNS)
is to help identify the future technology options
for a CNS 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%
greenhouse gas (GHG) emissions reduction in 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 large reduction (70-80%) 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 basic view points
for the vision.
In drawing our vision, we consider two major
principles, efficiency increase (we call it “EI”
hereafter) in energy conversion and energy use,
and lowering of carbon intensity (we call it “LCI”
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hereafter) of fuel and electricity to adopt and develop
future technologies. EI should be pursued in energy
transformation systems as well as end use systems,
including home appliances. This idea will also be
pursued in 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 either renewables, nuclear, or CCS. LCI tends
to need new facilities or 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 fuel extracted from underground
will still be provided to energy conversion sectors
and industry with CO2 capture and sequestration
(CCS). Some captured CO2 can be reused as an
energy carrier.

I2CNER Vision

I 2CNER Scenarios for Carbon-Neutral
Energy Society

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 which 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 Tarrif (FIT), and implications on
intermittency and storage approaches as well as their
costs continue to be explored.

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 can have the
greatest impact on GHG emissions and thus enable
achieving the challenging 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 Fig. 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.

Scenario D also has the potential to emerge as a
future scenario. 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.

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.

Scenario A (Balanced): Development of important EI technologies and balanced deployment of renewable and
CCS. About 71% CO2 emissions reduction relative to 1990 in 2050.
Contribution to EI
Heat pump and FC cogeneration for residential & commercial from 2020. Low temperature heat utilization
for industry from 2020. Fuel cell and hydrogen material & storage for transportation from 2020. SOFC
(durability, generation efficiency, and coal gas application) for power industry in 2030-2050.
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
low carbon hydrogen from 2030.
Contribution to LCI through CCS
Low cost membrane CO2 capture technology for IGCC and other fossil fuel based power generation from
site characterization from
2030. Development of simulation technology for CO2 monitoring and storage
1
2030 through seismic approaches.
Scenario A

Sector CO2 emission reduction (Gt-CO2)

1.4

Battery electric
vehicle
Heat pump
FC cogeneration
OLED
Friction loss decrease

1.2
1.0

FCV with low carbon
hydrogen by
renewable electrolysis
Sector classification
Demand decrease
Transportation: LCI
Transportation: EI

FCV and hydrogen
infrastructure

0.8

Industrial: LCI
Industrial: EI

PV
Wind power
Coal & NG power
generation + CCS

0.6
0.4

Commercial: LCI
Commercial: EI
Residential: LCI

SOFC
combined cycle

Residential: EI
Power Sector:LCI

0.2

Power Sector: EI
CO2 emission

0.0

1990

2000

2010

2020

2030

2040

2050

Time (Year)

Fig. 4-2: CO2 reduction relative to 1990 by sector in Scenario A
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I2CNER Vision

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. About 71% CO2 reduction relative to 1990 in 2050 I2CNER’s contribution to CCS.
Contribution to EI and LCI technologies in addition to those in scenario A
Through: (i) initiation of 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
2
hydrogen from 2040.

Scenario D

Sector CO2 emission reduction (Gt-CO2)

1.4

FCV with imported low
carbon hydrogen

1.2

Sector classification
Demand decrease
Transportation: LCI

1.0

Transportation: EI
Industrial: LCI

0.8

Industrial: EI

Hydrogen and NG
co-combustion
turbine power
generation
Hydrogen
turbine power
generation

0.6
0.4

Commercial: LCI
Commercial: EI
Residential: LCI
Residential: EI
Power Sector:LCI

0.2

Power Sector: EI
CO2 emission

0.0

1990

2000

2010

2020
2030
Time (Year)

2040

2050

Fig. 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

I2CNER’s Contribution to the 2050 CO2 Reduction
Target
Based on our analysis of current and future
achievements, approximately 0.42% of the total
required CO2 reductions via current achievements and
approximately 5.38% of the total required reductions
through our future achievements can be realized
by I2CNER 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 35.3%
of the 2050 target, shown in dark grey in Fig. 5-1b)
through the provision of underpinning technologies
and analyses.

0.42%

5.38%

As shown in Fig. 5-1b, 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 CO2 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 I2CNER in
line with our energy system scenarios to ensure
that our contribution toward CO2 reduction and to
underpinning industry efforts is maximized.

1.35%
2.26%
0.79% 0.17%
1.11%

0.12%

28.95%
35.26%
64.20%

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 5-1. I2CNER’s current and future contributions to CO2 reduction in Japan.
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Selected Research Accomplishments

Energy Analysis (Acting Division Leader: Prof. Itaoka)
Overview
This division plays a critical role in I2CNER. It is responsible for providing analyses of carbon emissions,
energy efficiency, and cost of current and emerging I2CNER and other energy processes, technology,
and infrastructure. These analyses help ensure that I2CNER’s and global energy-related research are
well targeted toward a carbon neutral society for Japan and the world as a whole. Additionally, in
collaboration with the technical divisions, this division continuously reviews and revises the Institute’s
vision and roadmap toward a carbon-neutral society based on I2CNER and other energy system analyses.

Energy Transitions in Japan

Global Societal Penetration of Hydrogen Research

In collaboration with our University of Illinois
Satellite members and annual workshop participants,
FY2017 has seen the significant progression of the
Energy Analysis Division’s (EAD) energy transitions
research. Our initial research in this area focused
on an investigation of the current Japanese energy
transition climate from the perspective of sociotechnical regimes. This investigative and comparative
work resulted in the publication of an academic
paper contrasting Japan’s energy transition progress
and prospects with international transition leaders
(Chapman and Itaoka, Renew. Sustain. Energy Rev.
81(2), 2019-2027, 2018, Fig. 6-1). Building on these
findings, a subsequent achievement within this
research theme was achieved, specifically identifying
householder’s preferences in terms of energy choice,
use and participation in the future energy market.

With sponsorship from Toyota, the EAD hosted
international researchers from the University of
Texas at Austin, Imperial College, London as well as
Japanese researchers from the University of Tokyo
and Kyushu University to assess the potential for
hydrogen in the future energy system. This work is
international and interdisciplinary in nature, taking
4 distinct case studies including a global energy
model (EAD’s contribution), which considers 82
global regions in order to develop a cost-minimized
energy system according to fuel source, conversion,
CO2 restrictions, and cognizant of technological
developments to 2050 (and beyond). Additionally, this
research also considers the social welfare economics
of hydrogen deployment, focusing on the social cost
of carbon (The Urban Institute, Kyushu University).
Furthermore, this research considers two nation
specific case studies: the U.S. utilizing hydrogen as
an energy carrier for road vehicles (University of
Texas at Austin) and the decarbonization of the gas
grid using hydrogen in the UK (Imperial College,
London). Collectively, this research identifies
potential quanta of future hydrogen penetration into
society in terms of feedstocks (methanol synthesis),
heating (residential and industrial), and transport
(predominantly through the introduction of Fuel Cell
vehicles) (Chapman, et al., Environ. Res. Lett., under
review).

Utilizing the outcomes of our national survey from
4000 households across Japan, we were able to
identify the impacts of energy system liberalization
in terms of choice of energy retailer and reasoning
(Chapman and Itaoka, Energy Res. Soc. Sci., 37,
102-110, 2018). In addition, we could test several
participatory scenarios incorporating demand
response, energy self-sufficiency, and network
storage. EAD’s specific knowledge of the Japanese
energy market and liberalization legislation allowed
for a targeted household survey to be conducted
from within I2CNER, reinforced by our stakeholders’
participation at the annual I2CNER symposia which
inform future energy system modelling, cognizant
of transition enablers and barriers, and stakeholder
preferences.

8
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I2CNER’s unique status as an international research
institute with knowledge and prowess in terms
of hydrogen research allowed for this research
to flourish. Leveraging sponsorship from Toyota,
I2CNER was able to host a 3-day joint research
seminar with our collaborators to bring together
the interdisciplinary aspects of our work. EAD lead
in the development of an academic research paper
submitted to Environmental Research Letters, to be
followed up by an in-depth global hydrogen model
assessment from EAD in FY2018.

Selected Research Accomplishments

Current
Energy
Regime

Future
Energy
Regime

Figure 6-1. The multi-level perspective of the Japanese energy system transition
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Selected Research Accomplishments

Molecular Photoconversion Devices (Lead PI: Prof. Ishihara)
Overview
The objective of this division is to reduce carbon emissions through cost effective conversion of solar
energy to electricity and hydrogen, and energy conservation through organic based lighting devices and
development of new materials for surface molecular brushes for low friction technologies. The research
projects include new organic materials to convert solar energy into electricity, novel inorganic, organic,
and molecular photocatalysts to directly split water into oxygen and hydrogen, new concept molecules
as organic light emitting diodes, and new molecules for low friction. The research efforts include unique
techniques for the analysis of the interface structure of organic dye and inorganic semiconductors,
synthesis of novel molecules for organic light emitters and photoelectrochemical and photovoltaic cells,
device fabrication and testing, and theory-based materials development.

Lead-free Perovskite Solar Cells
Seminal advances in solar cells based on the hybrid
perovskite materials have been made in FY2017
as reported in four publications, one of which has
already been cited 19 times. The team demonstrated
devices with 19% conversion efficiency and a halflife of 10,000 hours (Qin et al., Adv. Mater., 28, 466,
2016 and Adv. Mater., 29, 1603808, 2017). The new
process controls miscibility of percursors in solution
to improve coverage of a surface. Working with
Scajev from Vilenus University, two carrier diffusion
behaviors, one based on band-like and one based
on delocalized diffusion were demonstrated. (Šcajev
et al., J. Phys. Chem. C 121, 21600, 2017). Which of
these provides higher diffusivity depends on the
carrier density. Collaborative modeling and device
characterization with the University of Illinois shows
mechanisms limiting the cell performance and how
reduced carrier recombination in the bulk of the
absorber layer was obtained through novel processing
(see also below). Results of the model are shown
along with simulations in Fig. 6-2. Defects mediating
recombination were also shown to increase in some
perovskites when a phase transformation occurs so
materials and synthesis processes were designed
to reduce this, which improved stability. The effect
of additives on grain boundary properties in hybrid
perovskites were also studied in collaboration with
Jan Seidel of the University of New South Wales
and using scanning Kelvin probe force microscopy.
(Faraji et al., J. Phys. Chem. C, 122 (9), 4817, 2018).
This effort addresses the short-term milestone for
project 1 of the Molecular Photoconversion Devices
Division.

10
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A Novel Multiscale Model
Semiconductor Electrodes

for

Functionalized

Kyushu and Illinois groups collaborated to develop
an integrated multiscale model based on density
functional theory (DFT) and a drift-diffusion model
of charge transport in devices. The model was used
to design functionalized photocathodes for highefficiency H2 generation (see also above). Molecular
functionalization of silicon (111) photoelectrodes
has been modeled to understand enhanced charge
separation due to the functional group surface
dipole. Our work provides a direct link between the
photoelectrode functional group and the resulting
device behavior. We used the model to predict which
molecule would be the most effective for specific
charge transport properties. The model was conceived
through collaborations of post-doc (Dr. Kearney) and
faculty (Profs. Staykov, Ertekin) with photoelectrode
experiments carried out by a number of groups
at Kyushu. (Kearney et al., J. Am. Chem. Soc. 140,
50-53, 2018 and J. Phys. Chem. C 121, 11312-11318,
2018). This effort targets the short-term milestone for
project 1 of the Molecular Photoconversion Devices
Division.

Selected Research Accomplishments

Figure 6-2. Interplay between Deep Level Traps and Hybrid Perovskite Solar Cell Efficiency: experimental and
computational collaboration.
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Selected Research Accomplishments

Thermal Science and Engineering (Lead PI: Prof. Takata)
Overview
The objective of this division is to enable the most effective use of materials in carbon-neutral energy
technologies, and to improve the energy efficiency of thermal processes by expanding our knowledge
of material thermophysical properties and thermal science and engineering. More specifically, research
in the division aims at: expanding our knowledge-base of thermophysical properties of hydrogen
and alternative refrigerants to enable their most efficient use to reduce CO2 emissions; improving our
understanding of the basic science of heat and mass transfer to enable the development of more efficient
energy systems; and researching new thermal energy heat pump and refrigeration systems focused
on the use of waste heat and new refrigerants for improved overall energy efficiency and reduced CO2
emissions.

Super-stable Ultrathin Water Films

Volatile Organic Compound Mediated Nucleation

Suspended ultrathin water film with thickness of 3–20
nm was shown to be stable for the first time inside
open carbon nanotubes (CNTs) at high vacuum (˜10–5
Pa) using transmission microscopy (TEM, Fig. 6-3).
The stability of the confined water film arises due
to additional molecular interactions stemming from
the extended water meniscus on the hydrophilic
surface. This finding enables greater fundamental
understanding of wettability and adsorption effects
during liquid-vapor phase change which is a midterm milestone of the division’s projects HMT-1 and
HMT-2.

The mechanism of heterogeneous nucleation on
hydrophobic surfaces remains poorly understood.
We observed for the first time the formation of
high surface energy nanoscale agglomerates
on hydrophobic coatings after condensation/
evaporation cycles in ambient conditions (Fig.
6-4). To investigate the deposition dynamics, we
studied the nanoscale agglomerates as a function
of condensation/evaporation cycles via optical
and field emission scanning electron microscopy
(FESEM), microgoniometry, nucleation statistics, and
energy dispersive X-ray spectroscopy (EDS). The
FESEM and EDS results indicated that the nanoscale
agglomerates stem from absorption of sulfuric
acid based aerosol particles inside the droplet and
adsorption of volatile organic compounds during
condensation, which act as preferential sites for
heterogeneous nucleation after evaporation. The
insights gained from this study elucidate fundamental
aspects governing the behavior of both short and
long term heterogeneous nucleation on surfaces
and enable greater fundamental understanding of
wettability and adsorption effects during liquid-vapor
phase change which is a mid-term milestone of the
division’s projects HMT-1 and HMT-2.

Spherical Activated Carbon Material
We have developed a world-leading activated carbon
material, Spherical Activated Carbon (SAC), to
enhance the adsorption capacity of heat pumps. By
developing a demonstration of the system through a
prototype using an SAC adsorption heat exchanger,
and testing the performance in collaboration with an
automotive heat pump manufacturer, we showed
superior performance (Jribi et al., IJHMT, 108, 19411946, 2017). This development progresses us toward
achieving the short-term and mid-term milestones of
the division’s project TES-1.

12
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Selected Research Accomplishments

Figure 6-3. TEM images of suspended water film in CNT under high vacuum conditions (Tomo et al., Nano Letters, 18(3),
1869–1874, 2018).

Figure 6-4. (a) Optical, (b)-(c) Atomic force microscopy, and (d) FESEM images of agglomerates after 100 condensation/
evaporation cycles, (e) Height profile of agglomerates along the dotted-line trace in (c) as a function of condensation cycles (Cha
et al., Nano Letters, 17(12), 7544-7551, 2017).

I 2 C N ER A nn ua l R ep or t 20 1 7
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Selected Research Accomplishments

Electrochemical Energy Conversion (Lead PI: Prof. Matsumoto)
Overview
Electrochemical processes are at the heart of efficient conversion between electrical and chemical
energies. The objective of this division is to conduct scientific research and technological development for
energy-efficient, low-cost, and robust electrochemical energy conversion, in systems including polymer
electrolyte fuel cells (PEFC), solid oxide fuel cells (SOFC), and solid oxide electrolysis cells (SOEC). PEFC
is the preferred solution for automotive fuel cell applications. Inefficiencies at low temperatures (ca.
80˚C) are leading to a focus on higher temperature (>100˚C) hydrogen PEM fuel cells. Research addresses
catalyst activity, support durability, and high temperature electrolyte identification and evaluation.
SOFCs are utilized for stationary electricity generation at various scales. Research addresses developing
a fundamental understanding of electrode and electrolyte materials and electrochemical events taking
place in the SOFC, surface/interfacial catalytic processes on metal oxides, and electrode and electrolyte
degradation. Electrolysis is used to produce hydrogen from electricity to respond to the forthcoming
demand for hydrogen fuel. SOEC and related devices are examined from the perspective of activity
and durability of electrolyte and electrode components. Other relevant energy storage concepts, e.g.
batteries, are also addressed in division activities.

Proton Conductor Steam Electrolysis Cell
A steam electrolysis voltage as low as 1.45 V was
attained at current densities of 0.2 and 0.5 A cm-2 at
temperatures of 550°C and 600°C, respectively, with
current efficiency >82% using BaZr0.44Ce0.36Y0.2O3-δ
as the electrolyte (Fig. 6-5). The improved cell
performance is due to the combination of the
electrolyte with a NiO-SrZr0.5Ce0.4Y0.1O3-δ cathode
substrate. From these results, the calculated amount
of electricity required to produce 1 N-m 3 of hydrogen
is 4.2 kWh, and is lower than the 5 kWh required
for the same amount of hydrogen using ordinary
water electrolysis. The SOEC performance is the first
step to the short-term milestone “Demonstration of
SOFC and SOEC operating at 500°C” in the division’s
Project 3-2.
Durable Ir/MWNT-based Oxygen-evolving Electrode
for Water Electrolysis
A new method to prepare Ir nanoparticles (˜1
nm diameter) on multi-walled carbon nanotubes
(MWNT) was developed (Fig. 6-6). Due to the small
size of the Ir particles coupled with the high electrical
conductivity of MWNT network, the electrocatalyst
(MWNT/PBI/Ir) exhibits higher mass activity (1533
Ag-1 @ 1.6 V in single cell) compared to previously
reported electrocatalysts (<900 Ag-1 @ 1.6 V). In
addition, due to the excellent oxidation resistance
of the MWNT, the water electrolyzer utilizing the
MWNT/PBI/Ir as the anode exhibited remarkable
durability for over two weeks (˜25,000 min) at a
current density of 1.0 A cm-2 at 80°C. This result is
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the first example of a carbon-based anode for water
electrolysis which exhibits both high activity and
durability, and provides an alternative solution for
the short-term milestone in Project 1, “PEC: Identify
theory for anode and cathode operability up to 120°C
and minimized overpotential with high durability up
to 105 potential cycles.”
Revealing the Role of Metal in Non-precious-metal
Catalysts
By selectively removing Fe while preserving N and
C species from a non-precious metal (NPM) oxygen
reduction reaction catalyst it was shown that the
presence of Fe in NPM catalysts contributes directly
to their ability to reduce oxygen to water via a 4 epathway and at lower overpotentials than catalysts
featuring C and N sites alone. Catalysts without Fe,
and even those containing some residual metal,
reduce O2 with larger overpotentials and favor
the much less desirable 2 e- pathway for oxygen
reduction in both acidic and alkaline conditions. The
work targets the mid-term milestone of the division’s
Project 1 and reveals the direct involvement of
the metal in the active site of non-precious metal
catalysts and provide important guidance for future
catalyst improvements (Varnell et al., ACS Energy
Lett., 3, 823–828, 2018).

Selected Research Accomplishments

Figure 6-5. (a) Schematic illustration of a proton conducting solid oxide electrolysis cell, (b) I–V curves from the steam electrolysis
cell measured at 550 and 600°C with a BaZr0.44Ce0.36Y0.2O3-δ electrolyte (Leonard et al., Int. J. Hyd. Ener., 42 (7), 3926-3937, 2017).

Figure 6-6. (top) Illustration showing preparation of MWNT/PBI/Ir catalysts along with an image of the catalyst (left) and its
performance (right). (Fujigaya et al., J. Mat. Chem. A, 5, 10584-10590, 2017).
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CO2 Capture and Utilization (Lead PI: Prof. Fujikawa)
Overview
The objective of this division is to develop: (i) highly efficient materials for CO2 separation in power
generation and industrial processes; and (ii) electrochemical methods to convert CO2 into value-added
chemicals, such as liquid fuels or their intermediates, in an energy-efficient and cost-effective way. In the
area of CO2 separation, the objective is to develop novel membrane technology to separate CO2 in the
process of pre-combustion for Integrated Coal Gasification Combined Cycle (IGCC), post-combustion at
power plants and other industries, and for gas purification at natural gas wells. Membrane separation
presents serious scientific challenges. Conventional membrane technologies are limited by low gas
permeability, although their CO2 selectivity is now reaching acceptable levels for application. The most
promising approach to improve gas permeability is membrane thinning, because current membranes
are still several microns thick. Thus, research in this division focuses on the design and development
of materials for thinner membranes for selective gas separation. In the area of electrochemical CO2
conversion, the objective is to develop better catalysts and electrodes. Most current catalysts require a
high over-potential to drive electrochemical reduction of CO2. Thus, the focus of the division is to develop
catalysts that reduce this overpotential, thereby increasing the energetic efficiency of the process, while
at the same time creating electrodes that eliminate mass-transport limitations in the electrolyzer cells.
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Membrane Materials for CO2/H2 Separation

Membrane Materials for CO2/N2 Separation

One of the division objectives is to separate CO2 in
pre-combustion CO2 capture, where CO2 is separated
over H2. The required membrane performance, CO2
permeance and selectivity, is 100 GPU (1 GPU=7.5×1012
m3(STP)/(m2·s·Pa)) and 30, respectively. The I2CNER
developed 2-(2-aminoethylamino)ethanol-containing
polymeric membranes exhibit CO2 permeance of
155 GPU which exceeds the target at CO2 pressure
of 1.0 MPa and 80 % relative humidity (Fig. 6-7). In
comparison to the current benchmark (41 GPU,
reported by Ohio State University), the I2CNER
membrane displayed the highest CO2 permeance
even under higher CO2 pressure. Our research has
also revealed the mechanism of CO2 permeation at
the molecular level, suggesting that CO2 migrates
through the membrane in a bicarbonate ion form
even under higher pressure. Currently, our efforts
are focused on the development of a hollow fiber
membrane module to explore the scaling-up of
our membrane project to a demonstration level for
technology transfer.

For technology applications of membranes for CO2
separation over nitrogen, further improvement of
the gas flux performance is required: CO2 permeance
should exceed 4000 GPU which is the target in our
Division’s roadmap. Our research has demonstrated
that membrane thinning markedly improves the gas
flux performance, and hence our efforts have been
directed to preparing ultimately-thinned membranes
at the nanometer scale (nanomembrane) without gas
leaks. We succeeded in manufacturing free-standing
nanomembranes that are poly(dimethylsiloxane)based with high CO2 solubility. To the best of our
knowledge, our developed membranes with the
thickness of only 150 nm reproducibly showed
preferential CO separation with world highest CO2
permeance of about 6500 GPU. This achievement
on CO2 permeance exceeds our roadmaps target
value (4000 GPU) and the current benchmark (1000
GPU by MTR Inc., USA) (Fig. 6-8). Surprisingly, our
membranes captured CO2 from CO2/N2 mixture with
a CO2 concentration of 1000 ppm under atmospheric
pressure conditions. This finding expands the
relevance of our research goals beyond the capturing
of CO2 at fire powered plants to the entirely new area
of direct CO2 capture from the air (Selyanchyn and
Fujikawa, Sci. Tech. Adv. Mater., 18, 816-827, 2017).
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Figure 6-7. Effect of relative humidity on CO2 permeance of the I2CNER membrane.
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Figure 6-8. I2CNER free-standing nanomembrane with world record high CO2 flux.
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CO2 Storage (Lead PI: Prof. Tsuji)
Overview
The objective of this division is to: develop methods of reservoir characterization and modeling, and new
effective monitoring of injected/leaked CO2 to help ensure safe and permanent CO2 sequestration in subseabed geologic formations; and propose and realize new carbon storage concepts suitable for geological
formations and rock types typical of Japan. The research projects and efforts have been established in
such a way that they take into consideration the heterogeneity of the geological formations in Japan, the
limited availability of geological data for CO2 injection in aquifer formations, and the requirement for long
term monitoring of pressure variations near seismogenic faults.
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Continuous and Accurate Monitoring System for
Injected CO2

Direct Numerical Simulation of Microfluidics
Experiments on Liquid CO2-brine Drainage

In Carbon Capture and Storage (CCS), the monitoring
of injected CO2 is crucial for (a) predicting the risk
of CO2 leakage from reservoirs, (b) increasing the
efficiency of CO2 injection and reducing the cost, and
(c) reducing the risk of injection-induced seismicity.
To date time-lapse seismic surveys have been used
to monitor injected CO2 distribution. However,
the interval of the time-lapse surveys is long due
to their high cost and it is difficult to continuously
monitor the injected CO2. In addition, continuous
monitoring of the dynamic CO2 behavior is crucial for
detecting accidental incidents, such as CO2 leakage.
To address these issues, we first developed a
continuous monitoring approach to estimate spatiotemporal variation of seismic velocity using ambient
noise (Nimiya et al., Sci. Adv. 3, p e1700813, 2017).
Since this method constructs virtual seismic data
from noise, we can extract subsurface information
using only passive seismometer data. However,
the disadvantage also of this monitoring system
that relies on ambient noise is that the temporal
variation of ambient noise would decrease the
monitoring accuracy. To overcome this problem, we
have developed a new novel monitoring method
for injected CO2 using a continuous and controlled
seismic source (Fig. 6-9). This new monitoring
system generating controlled seismic signal is costeffective, with high temporal resolution and accuracy.
By deploying this system to the ongoing CCS project
in Canada, we successfully identified spatial and
temporal variation in the shallow subsurface (Ikeda
et al., J. Geophy. Res. 122, 2859-2872, 2017, Fig.
6-10). High spatial resolution of our approach makes
it possible to identify leaked CO2. Aditionally, the
system’s low cost and high temporal resolution are
particularly attractive for long-term monitoring of
sequestered CO2. This effort directly addresses the
short-term milestone of Project 3 of the CO2 Storage
Division (Field-scale CO2 investigation), specifically
the milestone: Develop effective monitoring system.

A complex interplay of capillary, viscous, buoyancy,
and surface tension forces at the pore scale plays
an important role in governing the macroscopic
multiphase flow behavior of CO2-brine systems.
Many studies of two-phase flow in porous media
demonstrate that inertial forces are negligible under
realistic flow rates, so the only two dimensionless
parameters of relevance are the capillary number
(Ca) and viscosity ratio (M). To gain new insights
into fundamental processes at the pore scale, we
have compared fluid behavior derived from lattice
Boltzmann simulation to microfluidics experiments
of CO2-brine at reservoir conditions for realistic
rock geometry. We found that inertial effects are
important for CO2 drainage due to the low viscosity
of the CO2 phase and the localized high velocities that
result during rapid pore invasion (so-called “Haines
jumps”; Chen et al., J. Contaminant. Hydrol., in
press). Therefore the traditional view that two-phase
flow is governed only by Ca and M is incomplete, and
the Reynolds number must also be considered. The
research leads to new understanding of pore-scale
physics which allows for more accurate prediction
of large-scale behavior of injected supercritical CO2
in industrial scale CCS projects. This effort directly
addresses the short- and mid-term milestones of
Project 2 (Pore-scale CO2 investigation), specifically
the milestones: (1) Model injected CO2 behavior
and (2) Increase storage capacity and security by
enhanced residual and solubility trapping.
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Figure 6-9. Continuous seismic monitoring of injected CO2 and detection of leaked CO2

Figure 6-10. Spatial variation of seismic velocity at different months revealed by applying our monitoring system to an ongoing
CCS project in Canada
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Hydrogen Materials Compatibility (Lead PI: Dr. Somerday)
Overview
The goal of this division is to provide the basic science that will enable optimization of the cost,
performance, and safety of pressurized hydrogen containment systems. In particular, the objectives
include: development and use of advanced methods for experimentally characterizing the effects of
hydrogen on the fatigue, fracture, and tribological properties of materials; development of models of
hydrogen-affected fatigue, fracture, and tribo-interfaces; and development of next-generation monolithic
and functionally graded materials having lower cost and improved performance (e.g., higher strength)
while retaining resistance to hydrogen-induced degradation.

Effect of Trace Gases on Friction, Wear, and Fracture
The following work represents progress toward
milestones in Project 1 (establish validated physical
descriptions of effects of gas impurities on H2-assisted
cracking) and Project 3 (establish physical description
of effects of environment and surface modification of
various materials in dry and lubricated contact). The
common link in these research activities is identifying
fundamental effects of trace gases on material
behavior (friction, wear, and fracture). The motivation
for the Project 3 accomplishment is recognizing that
friction between metals and diamond-like carbon
(DLC) coatings is sensitive to trace gases. In previous
accomplishments, the effects of trace water vapor on
friction for DLC/metal couples were systematically
defined. Leveraging these insights, the study has
been extended to examine the effects of O2 and water
vapor on friction for DLC/metal couples (Kurahashi et
al., Micromachines, 8, 217-231, 2017). The emerging
results shown below indicate that there is an
optimum O2 concentration to maintain low friction
in N2 gas with negligible trace water. These pin-ondisk sliding experiments were complemented with
Raman spectroscopy, which revealed that low friction
was associated with transfer films of structured
amorphous carbon on the metal counterface. The

formation of these transfer films is affected by the
trace gases. This approach to characterizing and
optimizing DLC coatings is differentiated from similar
studies by its focus on surface science to investigate
the tribo-interface. The Project 1 accomplishment
was inspired by previously reported achievements,
in which physical descriptions and an associated
model were presented for oxygen-inhibited,
hydrogen-assisted cracking in steels. Advancing
this study on oxygen inhibition, the effectiveness
of CO in mitigating hydrogen-assisted cracking was
comprehensively studied, including the effect of steel
strength level (Komoda et al., Proceedings ISOPE,
TPC-0866, 2018). As summarized below, when H2 gas
contained 1000 vppm CO, hydrogen-assisted cracking
was pronounced for the higher-strength steel (HV619),
but it was almost completely suppressed (fracture
toughness ˜90% of the value measured in nitrogen)
for the lower-strength steel (HV329). These results
indicate that CO reduces hydrogen uptake into the
steel but does not prevent it completely. This study
has significant technological impact, since mitigating
hydrogen embrittlement through CO impurities can
lead to lower costs for hydrogen refueling stations,
as recognized by the sponsor for this project (Air
Liquide).

Figure 6-11. (left) Friction coefficient as a function of sliding distance for DLC-coated disk/iron pin in N2 with controlled O2 levels
and water vapor <5 vppm. (right) The effect of steel hardness (strength) on the mitigation of hydrogen-assisted cracking by CO
impurities (100 to 10,000 vppm) in H2 gas.
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Catalytic Materials Transformations (Lead PI: Prof. Ogo)
Overview
The objective of this division is to contribute to the creation of innovative carbon-neutral technologies by
developing “Novel Catalysts,” underlining both aspects of basic science and engineering. The activities
are focused on investigating catalysis-related “Solar Energy and Energy Conservation,” all of which have
the potential to significantly increase energy efficiency and reduce CO2 emissions in energy, power, or
industrial production processes. Projects in the division address the development of: (i) novel biological
and biomimetic catalysts for H2, CO2, and H2O activation based on naturally occurring enzymes; (ii)
materials development toward the realization of a carbon-neutral power generation cycle.

One Model, Two Enzymes: Activation of Hydrogen
and Carbon Monoxide
Projects in this division made excellent progress on
bio-mimetic (or bio-inspired) catalysis. The focus
remains on transformations of small molecule
substrates including H2, N2, CO2, and H2O, since
these are central to the I2CNER mission of producing
clean fuels for carbon neutral power generation
cycles. Following the division roadmap, research
efforts of the Ogo group have made particular
progress on single catalysts for transformations of
multiple energy-relevant substrates. The ability to
catalyze the oxidation of both H2 and CO in one pot
is highly relevant to our future hydrogen economy
since CO is a persistent contaminant of H2 supplies.

The newly reported catalyst is based on a NiIr core,
comparable in design to the active site of the iconic
[NiFe]-hydrogenases and the CO-dehydrogenases
(CODH), two of the most important enzymes in this
area. The CO and H2 bind to the Ir center, as verified
by X-ray crystallography. An additional advantage
of this design is its compatibility with aqueous
media, which allows the operator to control product
distribution by manipulating pH. The catalyst has
been demonstrated in an actual fuel cell using H2, CO,
and H2/CO as fuels for oxidation at the anode (Ogo et
al., Angew. Chem. Int. Ed. 56, 9723-9726, 2017). This
effort satisfies the short-term milestone for project 1
of the Catalytic Materials Transformations Division.

Figure 6-12. Scheme illustrating the activation of both H2 and CO by the new NiIr bifunctional catalyst.
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Advancing Fusion of Research Fields

Advancing Fusion of Research Fields
I2CNER’s approach to research bridges multiple spatial, molecular to miles, and temporal scales, nanoseconds to
decades, but it also necessities bridging together scientists and engineers from disparate disciplines: chemistry,
physics, materials science, mechanics, geoscience, and biomimetics. In other words, I2CNER’s research activities
and goals are by nature interdisciplinary and are carried out across division boundaries and international
borders.

Fig. 7-1: Division interactions and interdisciplinary fusion research

Prof. Nenad Miljkovic
Engineering Division)
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and

Prof. Seiji Ogo (Catalytic Materials Transformations
Division)

Using bioinspiration, Prof. Miljkovic is exploring
the boundaries of wetting through the fusion
of mechanical engineering, material science,
entomology, chemistry, and biotechnology. The
team was the first to show that wettability in nature is
correlated with taxonomy, life cycle, and reproductive
strategies, rather than habitat. This work enables the
development of artificial surfaces for energy and
water applications such as anti-icing, self-cleaning,
anti-fogging, water harvesting, and enhanced phase
change heat transfer (Oh et al., ACS Applied Materials
& Interfaces, 9(32), 27173−27184, 2017).

Fusing biochemistry with chemistry and structural
biology, Prof. Ogo and his group (Science, 537,
928-932, 2017) determined the crystal structure of a
new form of a [NiFe]-hydrogenase enzyme in both
the oxidized and reduced states. In the oxidized
state, the Ni center (where substrate binds) adopts
an unprecedented six-coordinate geometry. The
structure is potentially significant because it
illustrates a probable mechanism by which the
enzyme could prevent poisoning by O2. Normally
the Ni center is four- or five-coordinate, which allows
H2 to approach the Ni. The group proposed that the
enzyme is able to switch geometries to either effect
catalysis or to protect itself from aerobic degradation.
This knowledge will be integrated into the designs of
new bio-inspired catalysts.

I 2C N E R A n n u a l R e p o r t 2 0 1 7

(Thermal

Science

Advancing Fusion of Research Fields

Applied Mathematics for Energy
Fostering close collaborations with other KU units
and continuing the Applied Mathematics for Energy
Initiative from FY2015 and 2016, I2CNER initiated
three additional projects in FY2017:
i) Prof. N. D. Hoa, “Distributed grid optimization
with renewable generation,” I2CNER and Institute of
Mathematics for Industry (IMI).
ii) Prof. H. Watanabe, “Solar power assisted hydrogen
production and carbon-free high efficiently thermal
power generation”, Department of Mechanical
Engineering.
iii) Prof. H. Matsumoto, “Carbon nanotube-based
non-precious metal electrocatalysts for fuel cell,
water electrolyzer and metal-air battery devices,”
I2CNER.
The above three projects, along with the 7 ongoing
projects from FY2015 and FY2016, strengthen the
I2CNER fusion portfolio in the area of integration of
renewables with the smart grid, initiate new activities
in the area of power generation, and accelerate our
quest for non-precious metal catalysis.
In FY2017, the Applied Mathematics thread of
I2CNER’s research was largely focused on two broad
topics: computational materials as well as physics
and mathematics of the emerging smart grid. A
track in biomathematics was also continued. More
specifically:
Two groups addressed the area of Modeling and
Characterization of Porous Materials for CO2 storage.
The group of Prof. Triades (IMI) and PI Christensen
aimed at modeling the transport dynamics of
multiphase flows in porous media. The problem is
complicated as it involves highly irregular, fractal
boundaries of the media, and complex interactions
between the components. The group used the
lattice Boltzmann method (LBM) to handle complex
boundaries and interfaces between multiple
phases, and Lagrangian fluid particle tracking
using LBM velocity fields. The models were used
to investigate the key parameters of the flows in
porous media, otherwise accessible only through
complex and necessarily incomplete experiments.
They investigated the dependence of anomalous
dispersion on the pore network geometry and
assumed molecular diffusivity. The group published
one paper (Fakhari et al., Adv. Water Resour., 114,
119-134, 2018).
The group of PI Tsuji and Prof. Shirai (IMI) used the
techniques of applied algebraic topology (known
as persistence homology) to quantify properties of

porous materials. Persistent homology allows one to
track the properties of complex geometric structures
affecting their topology (connectivity, “loopiness”)
across arbitrary scales. The results of the group
indicate how permeability and elasticity of sandstones
are reflected in their persistence diagrams. Modeling
the diffusion in porous materials using random walks
is another research direction. The group published
one paper (Tsuji et al., Applications of Persistent
Homology and Random Walk, In “Agriculture as a
Metaphor for Creativity in All Human Endeavors,”
pp. 95-109, doi: 10.1007/978-981-10-7811-8_11, 2018).
The Computational Physics track was focused on
models and computations of expanding flames
(combustion) for efficiency increase in power
generation. The team involves Prof. Matalon (Illinois)
and Prof. Matsue (I2CNER & IMI). The modeling of
the expanding flames, using numerical solution of
systems of parabolic partial differential equations
which is the key tool in the study, was tested
and corroborated by comparisons with existing
experimental data. The key causes of complications in
the modeling are the necessity to work across several
scales and the inevitability of chaotic, turbulent
regimes in the solutions. Addressing several scales
results in unstable solutions and the presence of
turbulence prevents the standard deterministic
approaches. The team looked at complementary
regimes, where different techniques could be applied:
Prof. Matsue attacked the problem using quasispectral methods; Prof. Matalon focused on weaklynonlinear approximations. Both approaches led to
stable numerical schemes that are implemented.
The research will expand toward explorations of the
resulting behavior, understanding the scaling laws in
the models, and interactions with experimentalists to
fine-tune and adjust the models. So far, there has been
one conference presentation (Matalon, Proceedings
of the Seventieth Annual Meeting of the APS Division
of Fluid Dynamics, Denver, CO., November 2017).
Three research groups work on the Mathematics of
Smart Grid: i) The optimization group, consisting
of Prof. Bose (Illinois) and Prof. Hoa (I2CNER & IMI).
One research direction addresses game theoretic
aspects of electricity markets. Networked structure
of the agent interactions complicates the structure
of the solutions and leads to potential losses of the
efficiency. The project aims at the quantification of
these losses and characterization of mechanisms to
overcome it. Another research thread deals with nonconvex optimization, a critical tool for finding optimal
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production and distribution plans in uncertain
situations characterized by the presence of renewable
energy sources and microgeneration. To this end, the
team focused on a class of optimization algorithms,
the augmented Lagrangian methods (ALM), the
subgradient methods and the Mirror-Descent
method. They are exploring the use of ALM with
Jacobi-type updates, such that within each iteration
the step is scalable with the size of the problem. The
goal is to find a unified analysis framework that yields
theoretical guarantees on the convergence rates
of these algorithms. The group already published
one conference paper (Doan et al., submitted for
publication to IEEE Control System Letters and for
presentation at IEEE Conference on Decision and
Control 2018); ii) The group of Profs. Murata (KU)
and Hirose (IMI) deal with the patterns of energy
consumption in smart grid. Prof. Murata addresses
the important question of shaping the customer
demand using demand response programs. His
group modeled the (potentially irrational) customer
behavior using the ideas from the reinforced learning
theory and developed reverse optimization tools
aimed at creating a system of incentives shaping
the demand in a prescribed way. Two conference
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papers were published (Murakami et al., Proceedings
of 2017 IEEE International Conference on Systems,
Man, and Cybernetics (SMC2017), 2754-2759, 2017;
Murakami et al., The Papers of Joint Technical
Meeting on “Systems” and “Smart Facilities”, IEE
Japan, 113-118, 2017). Prof. Hirose’s group is looking
at the statistical models to analyze the data of power
consumption in order to create predictive models. To
achieve that, the group is aiming to cluster the energy
consumers based on the patterns (time series) of
their usage, creating a few classes that can be used
then for forecasting.
The research area of Biomathematics is represented
by the group of Profs. Kora and Nishii (IMI), and
Mochida and Onda (RIKEN). Their goal is to perform
statistical analysis of the sequenced DNAs of
Brachypodium, to understand which systems induce
heterosis, a genetically driven difference in growth
rates. Auto-regressive models with exogenous
variables (ARX models) are deployed for the analysis.
One journal paper has already been published (S.
Koda, et al., Frontiers in Plant Science 8, Article 2055,
2017 (DOI:10.3389/fpls.2017.02055).
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Fig. 8-1: 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 FY2017 there was a vast amount 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 (i) 24 international conferences
(186 in total since inception), (ii) 39 international
conference sessions/symposia or workshops (234 in
total since inception), and (iii) 10 I2CNER international
workshops (58 in total since inception).
Our researchers have given 83 keynote, plenary and
invited presentations in international conferences
and fora (458 in total since inception).
Our researchers have joint publications with
researchers from 60 new institutions around the
world (681 in total since inception).
As of March 31, 2018, the Institute has hosted a total
of 63 graduate/undergraduate students from various
institutions around the world, including Illinois, since
its inception. The numbers of visiting students are
1 (FY2010), 9 (FY2011), 6 (FY2012), 7 (FY2013), 7
(FY2014), 6 (FY2015), 10 (FY2016), and 17 (FY2017) of
which, 1, 7, 1, 3, 1, 3, 8, and 14, respectively, stayed
for more than a month at KU. Of the total 63, 34
students were from UIUC and 19 of these students
stayed for more than a month.

FY2010-16
FY2017
(i) Int'l conferences (total 186)

162

24

(ii) Int'l sessions/symposia/workshops (total 234)

195

39

(iii) I 2CNER Int'l workshops (total 58)

48

10

Lectures in int'l conferences/fora (total 458)

375

83

Institutions with which I 2CNER researchers have
joint publications (total 681)

621

60

Visiting Students (total 63)

46

17
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Partnership for International Research and Education
(PIRE)
PIRE, a cooperative program between NSF and
JSPS, is one of the most prestigious and competitive
awards amongst the international programs of
NSF. PIRE provides funding for international joint
research carried out between US universities and
their counterparts in Japan in order 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 joint PIRE award to Illinois and I2CNER,
“Integrated Computational Materials Engineering
for Active Materials and Interfaces in Chemical Fuel
Production,” is a result of I2CNER’s successful fusion
of computational science with experiment, and was
awarded beginning in FY 2015 for a total of 5 years.
The project brings together researchers from Illinois,
Kyushu, Northwestern University, Imperial College
London, and the University of California at Berkeley.
This project is also an example of the synergistic
capabilities of the KU-Illinois partnership. In FY2017,
under the 2-month PIRE/x-FU(s)ION (eXchange:
FUkuoka, Illinois, califOrnia, Northwestern) exchange
program, 5 American students (3 from Illinois, 1 from
NU, and 1 from UCB) carried out research at I2CNER
from June 11-August 13, 2017.

(PSI, Switzerland), and the Massachusetts Institute
of Technology on “Solid Oxide Interfaces for Faster
Ion Transport (SOIFIT)” and was awarded beginning
in FY2017 for a total of 5 years. In FY2017, three
of I2CNER’s postdocs visited partnering research
institutions for more than 1 month: Dr. V. Thoreton
visited Imperial College, London for 1 month; Dr.
D. Klotz visited MIT for more than 3 months; Dr. K.
Ghuman Kaur visited PSI for 2 months.
Collaborative Foreign Exchange Program
I2CNER’s “Collaborative Foreign Exchange Program”
is in place in order to encourage young researchers
to visit our overseas collaborating institutions. In
FY2017, five young researchers had their proposals
approved: two visited Illinois, two visited the
University of Texas, Austin, and one visited the
University of Edinburgh for the extended period
between 1 and 5 months.
Partnership with the University of Göttingen
Prof. Reiner Kirchheim, an elected member of the
United States National Academy of Engineering,
and Prof. Sofronis, I2CNER’s Director, lead the
collaboration between Kyushu University and the
University of Göttingen to establish an International
Research Training Group that is to be co-funded by the
DFG and JSPS. On January 6, 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 in order
for the Kyushu and Göttingen teams to identify and
construct the research themes of the joint proposal. In
the proposed joint Ph.D. program, Ph.D. students will
visit the counterpart institute for 1 year to participate
in research/educational activities.

x-FU(s)ION exchange students participate in a tour of Prof.
Perry’s lab

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 leading-edge
fields regarding issues of high international priority.
Core-to-Core provides funding for an international
joint research project carried out between I2CNER,
Imperial College, London, Paul Scherrer Institut
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Prof. Cynthia A. Volkert (University of Göttingen) engages in
a discussion

Distingushed Visitors

Distinguished Visitors

May 18, 2017 Dr. Xavier Bouju, Research Director,
French National Centre for Scientific Research (CNRS)
at Centre d'Élaboration de Matériaux et d'Etudes
Structurales (CEMES), France

October 3, 2017 Mr. Sumihare Noji (second from
right), President, Tokushima University

November 19, 2017 Mr. Hirokazu Matsuno (third
from left), Member of the Japanese House of
Representatives (Former Minister of Education,
Culture, Sports, Science, and Technology in Japan)

January 12, 2018 Mr. Fuminori Kishino (second
from right), General Manager, Power and Industrial
Systems R&D Center, Toshiba

900
800
700
600
500
400
300
200
100
0
March 1, 2018 Dr. Robert Gross (left), Director, Centre
for Energy Policy and Technology, Imperial College
London, UK

Total Number of Visitors Per Year

816

403 407

455 424

342

108

* I2CNER has always hosted a large number of visitors and
students but in 2017 I2CNER increased its student outreach
efforts and hosted several more school field trips.
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Challenges in Thermal Science and Engineering towards a Sustainable Society

Challenges in Thermal Science and Engineering towards a
Sustainable Society (2018 I2CNER Annual Symposium)

2018 I2CNER Annual Symposium group photo

I2CNER Director, Prof. Petros
Sofronis, delivers opening remarks

(Left to right) Prof. Takao Kashiwagi, Tokyo Institute of Technology; Prof. Gautam Biswas, Indian
Institute of Technology Guwahati; Prof. Pega Hrnjak, University of Illinois at Urbana-Champaign

Since its inception, I2CNER has held a symposium
on an annual basis, 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 in
I2CNER’s research portfolio and the international
community. In addition, in order to explore new
pathways to best accomplish their thematic research
areas, each of I2CNER’s divisions holds international
workshops two days later by inviting a number of
researchers and engineers.
The 2018 I2CNER Annual Symposium, which
was titled “Challenges in Thermal Science and
Engineering towards a Sustainable Society”,
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was held on January 31, 2018 and was attended
by 162 participants (87 from abroad.) The
symposium focused on the thermal science and
engineering field that contributes to global warming
countermeasures, including reducing CO2 emissions.
Prof. Takao Kashiwagi, Director of the International
Research Center of Advanced Energy Systems for
Sustainability, Tokyo Institute of Technology; Prof.
Gautam Biswas, Director of the Indian Institute of
Technology Guwahati; and Prof. Pega Hrnjak, the
University of Illinois at Urbana-Champaign, were
among the 12 lecturers who introduced their stateof-the-art research achievements ranging from next
generation refrigerants to effective use of exhaust
heat and nanoscale heat transport.

Challenges in Thermal Science and Engineering towards a Sustainable Society

January 31, 2018
Opening Remarks
Prof. Masato Wakayama (Executive Vice President of Kyushu University)
Dr. Akira Ukawa (WPI Program Director)
Mr. Ross Matzkin-Bridger (Energy Attaché of U.S. Embassy Tokyo)
Prof. Petros Sofronis (Director of I2CNER)
Prof. Bidyut Baran Saha (Principal Investigator of I2CNER)
Speaker

Title

Prof. Takao Kashiwagi
(Tokyo Institute of Technology)

Keynote Lecture
Thermal Waste Heat Utilization for Achieving Super Smart Community

Dr. Benjamin Teo
(Nanyang Technological University)

Invited Lecture
Water Adsorption on Various MOFs for Next Generation Cooling
Applications

Prof. Pega Hrnjak
(University of Illinois at Urbana-Champaign)

Invited Lecture
Using Carbon Dioxide in Efficient Energy Conversion Systems as the
Way to Carbon-Neutral Society

Prof. Gautam Biswas
(Indian Institute of Technology Guwahati)

Keynote Lecture
Different Regimes of Pool Boiling

Prof. Benjamin McLellan
(Kyoto University)

Renewable Energy and the Minerals Industry: Focus on Thermal Energy
Applications

Prof. Koji Takahashi
(I2CNER, Kyushu University)

Thermophysical Measurement Methods for Individual Nanomaterials
and Control of Nanoscale Thermal Transport

Prof. Takahiko Miyazaki
(I2CNER, Kyushu University)

Potential of an Ambient Air for Energy Saving Technologies through
the Maisotsenko Cycle

Prof. Liwei Wang
(Shanghai Jiao Tong University)

Invited Lecture
Efficient Electricity Generation Cycles Driven by Low Grade Heat

Prof. J. Steven Brown
(The Catholic University of America)

Invited Lecture
Low Global Warming Potential Working Fluids

Prof. Yukihiro Higashi
(I2CNER, Kyushu University)

Thermodynamic Property Measurements of Low-GWP Refrigerant
Mixtures

Prof. Naoya Sakoda
(I2CNER, Kyushu University)

Thermophysical Property Measurements of High-Pressure Hydrogen
up to 100 MPa and Applications of the Datebase to Design for Hydrogen
Infrastructure

Prof. Akio Miyara
(I2CNER, Kyushu University)

Effects of Condensate Flow and Thickness on Heat Transfer of Filmwise Condensation

Closing Remarks
Prof. Yasuyuki Takata (Associate Director of I2CNER)

Prof. Takao Kashiwagi gives his keynote lecture

An audience member poses a question
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Seminars

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
FY2017, the Institute hosted a total of 21 speakers (17 non-Japanese) in 20 I2CNER Seminars. Cumulatively, 151
speakers have presented at 147 I2CNER Seminars.

Selected ISS speakers
< April 25, 2017 >
Prof. Yuji Sano
Program Manager for ImPACT, Japan Science and
Technology Agency, Japan
Title: Perspective of Laser Peening Technology to
Control the Durability of Structural Components

< September 29, 2017 >
Prof. Min Soo Kim
Professor, Seoul National University, South Korea
Title: Performance Enhancement of Polymer
Electrolyte Membrane Fuel Cell (PEMFC)

< May 26, 2017 >
Prof. Stephen Z. D. Cheng
Professor, The University of Akron, USA
Title: Precisely Functionalized Molecular
Nanoparticles Are Unique Elements for
Macromolecular Science—From “Nano-atoms” to
Giant Molecules

< October 31, 2017 >
Prof. Moshe Matalon
Caterpillar Distinguished Professor, University of
Illinois at Urbana-Champaign, USA
Title: Turbulent Premixed Flames—Hydrodynamic
Theory

< June 9, 2017 >
Prof. Takanori Fukushima
Professor, Chemical Resources Laboratory, Tokyo
Institute of Technology, Japan
Title: π-System Figuration at Multiple Levels from
Molecule to Macroscopic Molecular Assembly

< January 9, 2018 >
Prof. Cynthia A. Volkert
Professor, The University of Göttingen, Germany
Title: In-situ TEM and APT Studies of Lithiaioin of a
Manganese Oxide Spinel

< July 24, 2017 >
Prof. Rigoberto C. Advincula
Professor, Case Western Reserve University, USA
Title: Nanostructured and Templated Polymer
Materials and Interfaces

< March 1, 2018 >
Dr. Robert Gross
Director, The Centre for Energy Policy and
Technology, Imperial College London, UK
Title: The Costs and Impacts of Variable Renewables

< August 21, 2017 >
Dr. Sahel Ashhab
Senior Scientist, Qatar Environment and Energy
Research Institute (QEERI), Qatar
Title: Perovskite Solar Cells

< March 9, 2018 >
Prof. Davide Del Col
Associate Professor, University of Padova, Italy
Title: Heat Transfer Enhancement During
Condensation in Filmwise and Dropwise Mode;
Experiments and Numerical Modeling

Dr. Robert Gross delivers his lecture
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A seminar in I2CNER Hall attracts a full house

Seminars

Institute Interest Seminar Series (IISS)
Since the inception of the Institute, young researchers have been giving presentations 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 FY 2017, a total of 30 speakers
presented at 17 Institute Interest Seminars. Cumulatively, 212 speakers have presented at 120 Institute Interest
Seminars.

Selected IISS speakers
< May 30, 2017 >
Dr. Nugroho Agung Pambudi
Energy Analysis Division
Title: The Impact of Switching off Nuclear Power
Plants on Emissions Produced in Japan Using TimeJapan Framework

< September 28, 2017 >
Dr. Roman Selyanchyn
CO2 Capture and Utilization Division
Title: Highly Gas-permeable Semi-rubbery Semiceramic Composite Materials for Efficient CO2
Separation and Membranes

< June 8, 2017 >
Dr. Arvind Pattamatta
JSPS Fellow and Associate Professor, Indian
Institute of Technology Madras
Title: Insights into the Thermo-hydrodynamics of
a Unit Cell of a Pulsating Heat Pipe (PHP) through
Experiments and CFD Modeling

< October 27, 2017 >
Dr. Leonard Kwati
Electrochemical Energy Conversion Division
Title: Development of Advanced Proton Conductor
Membranes for Electrochemical Devices by
Sequential Tape Casting

Dr. Vlad Bogdan Niste
Hydrogen Materials Compatibility Division
Title: Tribological Solutions to Hydrogen-induced
Failures in Steels

Prof. Ikuo Taniguchi
CO2 Capture and Utilization Division
Title: CO2 Capture by Polymeric Membranes over
H2: Mechanism and Opportunity

< July 18, 2017 >
Prof. Songmei Sun
Molecular Photoconversion Devices Division
Title: Design Highly Active Solar Light Photocatalyst
by Nanostructure Control

< November 16, 2017 >
Dr. Ryosuke Komoda
Hydrogen Materials Compatibility Division
Title: Inhibitory Effect of Gas Impurities on Hydrogen
Embrittlement of Cr-Mo Steels with Different
Strength Level

< July 28, 2017 >
Dr. Dino Klotz
Electrochemical Energy Conversion Division
Title: Advanced (Photo-) Electrochemical Impedance
Analysis

< December 7, 2017 >
Prof. Yukina Takahashi
Catalytic Materials Transformations Division
Title: Site-selective Nanoscale-photopolymerization
via Plasmon Induced Charge Separation

Yuki Mori (Super Research Assistant)
Catalytic Materials Transformations Division
Title: Activation of H2 and CO

< January 18, 2018 >
Uzoma Nwabara (Ph.D. Student)
CO2 Capture and Utilization Division
The University of Illinois at Urbana-Champaign, USA
Title: Catalyst for CO2 Electroreduction to
Hydrocarbons and Oxygenates

Dr. Vlad Bogdan Niste explains his research

A seminar is held in I2CNER’s Buidling I lounge

I 2 C N ER A nn ua l R ep or t 20 1 7

31

Selected Awards

Selected Awards
DATE

AWARD

AWARDING ORGANIZATION

AWARD RECIPIENT

Apr. 2017

2017 Presentation Award for Industries

The Chemical Society of Japan

Tomohiro Shiraki

May 2017

Award for Promising Researchers

The Society of Materials
Science, Japan

Arnaud Macadre

May 2017

Young Scientist Award of the Society
of Polymer Science

The Society of Polymer
Science, Japan

Hirai Tomoyasu

Oct. 2017

The 2017 Mary Jane Oestmann
Professional Women’s Achievemen
Award

The American Nuclear Society

Oct. 2017

Imperial College Medal

Imperial College

John Kilner

Nov. 2017

Award for Encouragement of Research

International Union of Materials
Research Societies (IUMRS)

Nicola Perry

Katy Huff

Chanmaly Chhun,
Arata Kioka,
Jihui Jia,
Takeshi Tsuji

Nov. 2017

The Best Oral Presentation Award

The 137nd SEGJ conference

Nov. 2017

Distinguished Visiting Fellow

United Kingdom Royal Society
of Engineering

Nenad Miljkovic

Nov. 2017

Nishina Memorial Award

Nishina Memorial Foundation

Chihaya Adachi

Mar. 2018

Scientist Medal for Advanced Energy
Materials and Technology International

Association of Advanced
Materials

Kaveh Edalati

Prof. Edalati (right) receiving the Scientist Medal for
Advanced Energy Materials and Technology

Prof. Huff (left) receiving the 2017 Mary Jane
Oestmann Professional Women’s Achievement
Award

Prof. Adachi (right) receiving the Nishina Memorial
Award
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Outreach Activities

Outreach Activities
Publications
Hello! I 2CNER / Energy Outlook

I 2CNER Fuse News

As a 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.”
The newsletter, which
highlights the research
activities of one of the
Institute’s
research
divisions in each issue,
is published about three
times per year. It is our goal for this publication to help
increase general interest in carbon-neutral energy
research amongst the next generation of scientists.
In order to provide a more formal perspective on the
potential impact I2CNER’s research could have on
the world, each issue of Hello! I2CNER is published
simultaneously with another publication, Energy
Outlook. The main objective of Energy Outlook is
to present 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 of an industry or government official by an
I2CNER researcher, which provides the public with 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
officials not only allows I2CNER to facilitate public
awareness of new technologies, which is 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.

Periodically,
I2CNER
publishes an internal
newsletter,
“I2CNER
Fuse News,” which is
designed to promote
researcher
exchange
within the Institute. This
newsletter is used to
introduce researchers
who are new to the
Institute,
provide
updates on exchange
trips that have already
happened, share information about Japanese
and American culture, report on activities of both
individual researchers and entire research divisions,
inform the researchers about upcoming events,
and provide helpful information for visitors to both
Kyushu University’s Ito Campus and the UrbanaChampaign campus of the University of Illinois. As
collaborations are established and discoveries are
made, the newsletter will evolve into a springboard
for new collaborative relationships, and a resource
for new research paths.
I 2CNER P.I.peline
I2CNER Director Petros Sofronis publishes an internal
newsletter entitled “I2CNER P.I.peline” in order to
keep the Institute’s researchers up to date on the
latest “happenings” within the Institute. In addition
to promoting awareness amongst the researchers
of the Institute, one of the main objectives of this
publication is to make the Director more accessible,
particularly to younger members of the Institute, who
may not have frequent personal contact with him. In
each newsletter, I2CNER members are encouraged
to suggest matters for discussion/items for inclusion
in the next issue, and the Director’s direct contact
information is provided. Subjects covered in the
P.I.peline include latest news, funding opportunities,
collaborations, policy changes, “kudos,” and reports
on special topics. Another unique feature of the
P.I.peline is that it slashes the traditional hierarchy
which would be used to relay information and thus
further reinforces the “transformative” aspect of the
I2CNER research culture. Finally, it ensures that all
I2CNER researchers have the same basic information
about what is happening at the Institute.
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Outreach Activities

Outreach Events
NanoMat2017 (May 17-19, 2017)

Group photo from the NanoMat2017 workshop

Researchers participate in the I2CNER laboratory tour

From May 17-19, 2017, the 12th Japan-France
Workshop on Nanomaterials and the 3rd WPI
Workshop on Materials Science were held at I²CNER
Hall, with approximately 70 people in attendance.
Throughout the first 2 days, 22 researchers from
France and Japan gave presentations about their
latest research findings and the audience engaged
in lively Q&A sessions with the presenters. On the

last day, the participants were given a laboratory
tour that showed I²CNER’s diverse research efforts
and they were taken on an off-campus excursion to
the Sewage Biogas Hydrogen Station operated by
the city of Fukuoka. The workshop allowed I2CNER’s
researchers to strengthen existing partnerships
and explore potential opportunities for future
collaborations with their French colleagues.

Nijou Junior High School Students’ Visit to I 2CNER (September 14, 2017)

Prof. Watanabe demonstrates photocatalytic hydrogen production

As part of a local government-run active learning
program for children in the area, approximately 60
first-year students from Nijou Junior High School
visited I2CNER and other research facilities at Kyushu
University’s Ito Campus on September 14. In order
to familiarize the students with the importance
of realizing a low-carbon society, Prof. Motonori
Watanabe (Molecular Photoconversion Devices
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Prof. Kitamura explains the CO2 storage mechanism using rock
samples

Division) and Dr. Thomas Bayer (Electrochemical
Energy Conversion Division) gave hydrogen-themed
lectures, while Prof. Keigo Kitamura (CO2 Storage
Division) performed a hands-on experiment. The
event, where the students enjoyed easy-to-follow
science, was covered by several local TV stations and
newspapers.

Outreach Activities

2018 AAAS Annual Meeting (February 15-19, 2018)

An I2CNER staff member engages with a visitor at the WPI booth

Director Sofronis (second from right) speaks at the panel discussion

The Ministry of Education, Culture, Sports, Science,
and Technology (MEXT) of the government of Japan,
the Japan Society for the Promotion of Science
(JSPS), and 10 WPI Institutes, including I2CNER,
represented WPI at the 2018 American Association for
the Advancement of Science (AAAS) Annual Meeting
held in Austin, Texas, USA on February 15-19, 2018.
AAAS is the world’s largest general scientific society
and is the publisher of the journal “Science.” The
theme for the 2018 meeting was “Advancing Science:

Discovery to Application.” World-leading scientists,
engineers, educators, and policy makers participated
in scientific discussions and presented their research
activities. On February 17, I2CNER Director Petros
Sofronis joined a workshop named “Urban Nexus;
Harnessing Science, Technology and Innovation for
Sustainable Urban Cities” as one of the panelists and
gave a presentation on how I2CNER is tackling the
energy issues through different approaches.

54 th Science Café at Fukuoka (February 23, 2018)

Prof. Kitamura gives his lecture

Participants exchange ideas during a roundtable discussion

Prof. Keigo Kitamura (CO2 Storage Division) gave a
lecture at the “54th Science Café @ Fukuoka,” which
was held in a business event space in the heart of the
city at 7 p.m. on February 23, 2018. The 54th Science
Café @ Fukuoka drew an audience of approximately
40 people, including many office workers who were
able to attend because the event was scheduled
after regular working hours. In his presentation
titled, “Approach to CO2 Storage: Consideration CO2

Storage in a Viewpoint of the Carbon Cycle,” Prof.
Kitamura introduced his research on CO2 Storage
technology, which can contribute to the global
carbon cycle and maintenance of the delicate balance
of natural materials. 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 ecoconscious technologies.
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Outreach Activities

Press Releases and Media Coverage
Selected Press Releases
DATE

DESCRIPTION

Jun. 5, 2017

Prof. Seiji Ogo (Catalytic Materials Transformations Division)
One Model, Two Enzymes: Activation of Hydrogen and Carbon Monoxide

Jul. 14, 2017

Prof. Seiji Ogo and Prof. Ki-Seok Yoon (Catalytic Materials Transformations Division)
New Catalyst Developed for Solar Cells and Fuel Cells

Aug. 24, 2017

Prof. Zenji Horita (Molecular Photoconversion Devices Division)
Cutting-edge technology for mass production of highly formable Ni-based superalloy

Aug. 29, 2017

Prof. Atsushi Takahara and Prof. Yuji Higaki (Molecular Photoconversion Devices Division)
Effect of Charged Group Spacer Length on Hydration State in Zwitterionic Poly(sulfobetaine)
Brushes

Oct. 17, 2017

Prof. Takeshi Tsuji (CO2 Storage Division)
3D geometry of a plate boundary fault related to the 2016 Off-Mie earthquake in the Nankai
subduction zone, Japan

Oct. 27, 2017

Prof. Ken Sakai (Molecular Photoconversion Devices Division)
Near-Infrared Light-Driven Hydrogen Evolution from Water Using a Polypyridyl Triruthenium
Photosensitizer

Nov. 21, 2017

Prof. Takeshi Tsuji and Prof. Tatsunori Ikeda (CO2 Storage Division)
Spatial and temporal seismic velocity changes on Kyushu Island during the 2016 Kumamoto
earthquake

Dec. 13, 2017

Prof. Miho Yamauchi and Prof. Masaaki Sadakiyo (Catalytic Materials Transformations Division)
Electrochemical Production of Glycolic Acid from Oxalic Acid Using a Polymer Electrolyte Alcohol
Electrosynthesis Cell Containing a Porous TiO2 Catalyst

Prof. Ogo explains his research outcome to the press
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Prof. Tsuji (right) and his collaborators at a press conference

Outreach Activities

Selected Media Coverage
DATE

MEDIA OUTLET

DESCRIPTION

Nikkei Sangyo Shimbun (Apr. 11), New
Energy News (May 1)

Profs. Naotoshi Nakashima and Tsuyohiko Fujigaya
Newspaper articles introducing the development
of high performance inorganic metal oxide hybrid
catalysts using carbon nanotubes

Apr.-May 2017

Bloomberg Technology (Apr. 24), The
Science Times (May 2)

Prof. Chihaya Adachi
Online articles entitled, "New iPhone screen puts
blue-colored spotlight on Japan Supplier" and
"Organic Laser: Recent Development For Longer Light
Emissions," respectively

Jun.-Sep. 2017

Television Nishinippon (Jun. 6), Asahi
Shimbun Digital (Jun. 7), Nihon Keizai
Shimbun (Jun. 7), Nishinippon Shimbun
(Jun. 8), Sankei News (Jun. 8), Nikkei
Sangyo Shimbun (Jun. 8), Phys.org
(Jun. 22), AZoCleantech (Jun. 23), DWVMitteilungen (Sep. 14)

Prof. Seiji Ogo
Newspaper/online/magazine articles covering the
press release "One Model, Two Enzymes: Activation of
Hydrogen and Carbon Monoxide"

Aug. 2017

Nihon Keizai Shimbun’s website (Aug.
29), Nikkan Kogyo Shimbun (Aug. 30),
Shinano Mainichi Shimbun's website
(Aug. 30)

Prof. Zenji Horita
Newspaper/online articles covering the press release
"Cutting-edge technology for mass production of
highly formable Ni-based superalloy"

Sep. 2017

NHK Fukuoka (Sep. 14), TVQ Kyushu
Broadcasting (Sep. 14), Itosima Shimbun
(Sep. 21), Fukuoka Internet TV (Sep. 28)

Profs. Motonori Watanabe, Keigo Kitamura, and Dr.
Thomas Bayer
Newspaper/online articles and TV covering local junior
high school students' visit to I2CNER as part of a field
trip organized by the Fukuoka prefectural government

Oct. 2017

Nikkei Sangyo Shimbun (Oct. 12),
National Institute for Environmental
Studies' (NIES) website (Oct. 17)

Prof. Seiji Ogo
Newspaper/online articles covering the press release
"A Fusion of Biomimetic Fuel and Solar Cells Based
on Hydrogenase, Photosystem II, and Cytochrome c
Oxidase"

Nov. 2017

Nikkei Sangyo Shimbun (Nov. 2)

Prof. Ken Sakai
Newspaper article covering the press release
"NIR-driven H2 evolution from water: Expanding
wavelength range for solar energy conversion"

Nov. 2017

Nihon Keizai Shimbun (Nov. 25),
Nishinippon Shimbun (Nov. 26)

Prof. Takeshi Tsuji
Newspaper articles covering the press release “Spatial
and temporal seismic velocity changes on Kyushu
Island during the 2016 Kumamoto earthquake”

Dec. 2017
Jan. 2018

Nikkei Sangyo Shimbun (Dec. 28),
Kagaku Shimbun (Jan. 19, 2018)

Prof. Masaaki Sadakiyo, et al.
Newspaper articles covering the press release
"Continuous synthesis of glycolic acid as a next
generation fuel"

Nishinippon Shimbun (Mar. 8, 2018)

Prof. Kazunari Sasaki
Special edition for elementary school students:
An interview article by kid reporters focusing on
hydrogen energy research at Kyushu Universityt

Apr.-May 2017

Mar. 2018
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I2CNER Structure

I2CNER Structure

Organizational Structure

PRESIDENT OF KYUSHU UNIVERSITY:
Chiharu Kubo
EXECUTIVE VICE PRESIDENT FOR RESEARCH:
Masato Wakayama

ILLINOIS SATELLITE INSTITUTE
I2CNER DIRECTOR:
Petros Sofronis

SATELLITE ADVISORY COMMITTEE
Ian Robertson, Andrew Gewirth,

(All committees and units have direct access to the Director)

Kenneth Christensen

EXTERNAL ADVISORY COMMITTEE
(EAC)1
INTERNAL PROGRAMS REVIEW COMMITTEE
(IPRC)

SCIENCE
STEERING
COMMITTEE2

FACULTY
RECRUITING
COMMITTEE

ASSOCIATE
DIRECTOR:

ASSOCIATE
DIRECTOR:

ADMINISTRATIVE
OFFICE

Tatsumi
Ishihara

Yasuyuki
Takata

ADMINISTRATIVE
DIRECTOR:
Shunichi Masuda

SUPER RESEARCH
ASSISTANT
SELECTION

Industrial Advisory Board3

COMMITTEE

Industrial Research Unit4

RESEARCH DIVISIONS (Thematic Clusters)
Molecular Photoconversion Devices
Catalytic Materials Transformations
Hydrogen Materials Compatibilty
CO2 Capture and Utilization
Electrochemical Energy Coversion
CO2 Storage
Thermal Sciences and Engineering
Energy Analysis (Applied Math for Energy)
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Research Center for
Next Generation
Refrigerant Properties
(NEXT-RP)

I2CNER Structure

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, 2018 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)
• Dr. Robert J. Finley, Illinois State Geological Survey, USA
• Prof. Reiner Kirchheim, University of Göttingen, Germany
• Prof. Robert McMeeking, University of California, USA, National Academy of Engineering (NAE)
• Prof. Tetsuo Shoji, Tohoku University, Japan
• Prof. Fraser Armstrong, University of Oxford, UK, Fellow of the Royal Society (FRS)
• Prof. Michael Celia, Princeton University, USA, Nobel Laureate
• Dr. Monterey Gardiner, BMW Japan (formerly with DOE), 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 thematic research divisions. 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) On April 1, 2017, 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 in regards
to research areas that industries would have interest for promoting the development of new technologies. The
full list of members as of April 1, 2018 is as follows (in no particular order):
• Dr. Hiroyuki Yamamoto, General Manager, Technical Research Center in Mazda Motor Corporation
• Dr. Akira Yamada, Senior Corporate Adviser, Mitsubishi Heavy Industries, Ltd.
• Dr. Akira Yabe, Lead of Energy System and Hydrogen Unit, Technology Strategy Center in New Energy
and Industrial Technology Development Organization (NEDO)
• Dr. Mark Selby, Chief Technology Officer, Ceres Power, USA
• Mr. Tatsumi Maeda, Advisor, KYOCERA Corporation
• Mr. Kazutoshi Ida, Managing Director, K.K. AIR LIQUIDE LABORATORIES
• Dr. Kuniaki Honda, Adviser, Hydrogen Energy Systems Society of Japan
• Dr. Katsuhiko Hirose, Project General Manager, Hydrogen & Fuel Cell Promotion Group in R&D
Management Division of TOYOTA Motor Corporation
• Dr. Akio Fujibayashi, Technical Fellow, Steel Research Laboratory in JFE Steel Corporation
• Mr. Sumitoshi Asakuma, Director & Managing Executive Officer, Sumitomo Bakelite Co., Ltd.

4) The Industrial Research Unit was established in FY2017 with its purpose being to advance technology
transfer with corporations and pursue stronger relationships with industry and government programs. This
new “Unit” comprises of several industry-sponsored research projects, wherein a team of I2CNER researchers
and embedded-industry-affiliates work on a particular research area of mutual interest. Through this new unit,
I2CNER will expand its outreach to promote the deployment of its technology to industries that will fund I2CNER
projects in the future. The first such project is “Mobile Energy Storage for Low-Carbon Society” sponsored by
Mazda Motor Corporation for 71 million JPY with a duration of three years beginning in FY2017. Additionally,
the IHI Corporation has sponsored 5 million JPY on the “Study of High-temperature Co-electrolysis of CO2 and
H2O.”
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Personnel

Personnel (as of April 1, 2018)
Breakdown of Personnel
(Total: 260)
21, 26,
8% 10%

Researchers by Title
(Total: 171)
24,
14%

Principal Investigator (PI)

68,
26%

11,
6%

Research Assistant (RA)
and Other Researcher
Research Support Staﬀ
145,
56%

PI

26,
15%

Professor
21,
12%

43,
25%

Asst. Professor
Postdoc.

23,
14%

RA

23,
14%

Administrative Staﬀ

Assoc. Professor

Visiting Faculty

Statistics of Researchers by Title
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Total

PI

Prof.

Assoc.
Prof.

Asst.
Prof.

Postdoc

RA

Visiting
Faculty

Overseas

83

12

7

7

9

32

9

7

Japanese

88

14

14

16

14

11

2

17

% of Overseas

49%

46%

33%

30%

39%

74%

82%

29%

% of Female

13%

4%

0%

13%

17%

16%

36%

17%
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Finances

Finances
1USD = 100JPY
Amount
(Million US $)

WPI Grant

20
18
16
14
12
10

18.2

8

13.3

6

13.3

13.1

12.7

12.5

13.2

FY2013

FY2014

FY2015

FY2016

FY2017

4

4.5

2
0

FY2010

FY2011

FY2012*

*WPI Grant of FY2012 includes the supplementary budget worth 5 million USD

Amount
(Million US $)

Non-WPI Research Grants

35.0
30.0

4.8

2.8

1.8
MEXT* Allocation Funds, KU
Competitive Funds, Donations

25.0

1.7
20.0

1.5

15.0

26.8

27.0

1.7

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

21.2

10.0

0.6
5.0

26.0

1.6

14.9

14.1

16.0

6.6

0.0

FY2010 FY2011 FY2012 FY2013 FY2014 FY2015 FY2016 FY2017
*MEXT is an acronym for Ministry of Education, Culture, Sports, Science and Technology
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Researcher List

Researcher List (as of April 1, 2018)
Administration
Director
Prof. Petros Sofronis
Associate Directors
Prof. Tatsumi Ishihara
Prof. Yasuyuki Takata

Principal Investigators
Molecular Photoconversion Devices
Prof. Tatsumi Ishihara (Division Lead PI)
Prof. Chihaya Adachi
Prof. Zenji Horita
Prof. Thomas Lippert, Paul Scherrer Institut, Switzerland
Prof. Ken Sakai
Prof. Atsushi Takahara
Assoc. Prof. Aleksandar Staykov
Hydrogen Materials Compatibility
Dr. Brian Somerday (Division Lead PI), Southwest
Research Institute, USA
Prof. Reiner Kirchheim, University of Göttingen,
Germany
Prof. Ian M. Robertson, University of WisconsinMadison, USA
Prof. Petros Sofronis
Prof. Joichi Sugimura
Electrochemical Energy Conversion
Prof. Hiroshige Matsumoto (Division Lead PI)
Prof. Andrew A. Gewirth, University of Illinois at UrbanaChampaign, USA
Prof. Tsuyohiko Fujigaya
Prof. John A. Kilner, Imperial College London, UK
Prof. Kazunari Sasaki
Prof. Harry L. Tuller, Massachusetts Institute of
Technology, USA
Thermal Science and Engineering
Prof. Yasuyuki Takata (Division Lead PI)
Prof. Bidyut Baran Saha
Prof. Xing Zhang, Tsinghua University, China
Catalytic Materials Transformations
Prof. Seiji Ogo (Division Lead PI)
Prof. Miho Yamauchi
CO2 Capture and Utilization
Assoc. Prof. Shigenori Fujikawa (Division Lead PI)
CO2 Storage
Prof. Takeshi Tsuji (Division Lead PI)
Prof. Kenneth Christensen, University of Notre Dame,
USA

Full-time Faculty & Postdoctoral Associates
Molecular Photoconversion Devices
Assoc. Prof. Toshinori Matsushima
Assoc. Prof. Songmei Sun
Assoc. Prof. Motonori Watanabe
Asst. Prof. Edalati Kaveh
Asst. Prof. Minkyu Son
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Dr. Nuttavut Kosem
Dr. Sijun Luo
Dr. Wei Ma
Dr. Arnau Call Quintana
Dr. Gabseok Seo
Dr. Qing Wang
Dr. Ji Wu
Hydrogen Materials Compatibility
Prof. Masanobu Kubota
Asst. Prof. Junko Matsuda
Dr. Ryosuke Komoda
Dr. Vlad Bogdan Niste
Dr. Pravakaran Saravanan
Electrochemical Energy Conversion
Prof. Naotoshi Nakashima
Dr. Junfang Cheng
Dr. Nikolay Kirilov Dimov
Dr. Kulbir Kaur Ghuman
Dr. Dino Klotz
Dr. Leonard Kwati
Dr. Youngsung Lee
Dr. Ganasan Pandian
Dr. Vincent Thoreton
Thermal Science and Engineering
Asst. Prof. Sivasankaran Harish
Asst. Prof. Daniel Orejon
Dr. Alexandros Askounis
Dr. Biao Shen
Dr. MD Kutab Uddin
Catalytic Materials Transformations
Assoc. Prof. Yukina Takahashi
Assoc. Prof. Ki-Seok Yoon
Asst. Prof. Miho Isegawa
Asst. Prof. Masaaki Sadakiyo
Dr. Tatsuya Ando
Dr. Takashi Fukushima
Dr. Sho Kitano
CO2 Capture and Utilization
Assoc. Prof. Ikuo Taniguchi
Dr. Roman Selyanchyn
CO2 Storage
Asst. Prof. Tatsunori Ikeda
Asst. Prof. Keigo Kitamura
Energy Analysis
Prof. Kenshi Itaoka
Asst. Prof. Andrew Chapman
Asst. Prof. Nguyen Dinh Hoa
Dr. Hadi Farabi Asi
Research Center for Next Generation Refrigerant
Properties
Prof. Shigeru Koyama
Prof. Yukihiro Higashi
Mazda Mobile Energy Storage for Low-Carbon Society
(Industrial Research Unit)
Assoc. Prof. Hackho Kim

Researcher List

Satellite Faculty & Postdoctoral Associates
Molecular Photoconversion Devices
Prof. Angus Rockett
Assoc. Prof. Elif Ertekin
Dr. Kara Kearney
Hydrogen Materials Compatibility
Dr. Mohsen Dadfarnia

Prof. Koji Takahashi
Assoc. Prof. Naoya Sakoda
Assoc. Prof. Kyaw Thu
Dr. Qin-Yi Li
Dr. Sumitomo Hidaka
Catalytic Materials Transformations
Assoc. Prof. Takahiro Matsumoto
Assoc. Prof. Tatsuya Uchida
Asst. Prof. Takeshi Yatabe

Electrochemical Energy Conversion
Prof. Andrew Gewirth
Asst. Prof. Nicola Helen Perry

Visiting Professors & Scholars

Thermal Science and Engineering
Asst. Prof. Nenad Miljkovic

Molecular Photoconversion Devices
Dr. Mihaela Cibian

CO2 Capture and Utilization
Prof. Paul J. A. Kenis

Hydrogen Materials Compatibility
Prof. Nikolaos Aravas, University of Thessaly, Greece
Prof. Kanao Fukuda, Universiti Teknologi Malaysia
Prof. Robert O. Ritchie, University of California, Berkeley,
USA
Dr. Akihide Nagao, JFE Steel Corporation, Japan

Energy Analysis
Prof. James Stubbins
Asst. Prof. Katy Huff

Part-time Faculty & Postdoctoral Associates
Molecular Photoconversion Devices
Prof. Keiji Tanaka
Prof. Kazunari Yoshizawa
Assoc. Prof. Ken Kojio
Assoc. Prof. Hai-Wen Li
Assoc. Prof. Hisao Matsuno
Assoc. Prof. Hajime Nakanotani
Assoc. Prof. Hironobu Ozawa
Assoc. Prof. Atsuomi Shundo
Assoc. Prof. Atsushi Takagaki
Asst. Prof. Kenichi Goushi
Asst. Prof. Yuji Higaki
Asst. Prof. Atsushi Inoishi
Asst. Prof. Kosei Yamauchi
Dr. Taner Akbay
Dr. Etsuo Akiba
Dr. Aline Fluri
Dr. Sunje Kim
Dr. Hajime Kusaba
Dr. Zonghao Shen
Dr. Zhe Tan
Dr. Kuan-Ting Wu
Hydrogen Materials Compatibility
Prof. Hisao Matsunaga
Prof. Yoshinori Sawae
Prof. Toshihiro Tsuchiyama
Assoc. Prof. Kazuyuki Yagi
Assoc. Prof. Tetsuo Yamaguchi
Asst. Prof. Kaname Matsue
Asst. Prof. Takehiro Morita
Asst. Prof. Hiroyoshi Tanaka
Dr. Takuro Masumura
Dr. Junichiro Yamabe
Electrochemical Energy Conversion
Prof. Kohei Ito
Assoc. Prof. Stephen Lyth
Assoc. Prof. Masamichi Nishihara
Asst. Prof. Tomohiro Shiraki
Dr. George Harrington
Dr. Rei Nakayama
Dr. Yuki Terayama
Thermal Science and Engineering
Prof. Masamichi Kohno
Prof. Takahiko Miyazaki

Electrochemical Energy Conversion
Asst. Prof. Helena Tellez-Lozano
Thermal Science and Engineering
Prof. Kellil Sefiane, University of Edinburgh, Scotland
Dr. Mahfuza Sharifa Sultana
Dr. Akira Yamada, Mitsubishi Heavy Industries, Ltd,
Japan
Catalytic Materials Transformations
Dr. Kinya Kumazawa,
Japan Institute for Promoting Invention and Innovation
CO2 Capture and Utilization
Prof. Benny Freeman, University of Texas, Austin, USA
Prof. Katsuki Kusakabe, Sojo University, Japan
Dr. Toyoki Kunitake, Kitakyushu Foundation for the
Advancement of Industry Science and Technology,
Japan
CO2 Storage
Assoc. Prof. Diogo Bolster, University of Notre Dame,
USA
Asst. Prof. Jiang Fei, Yamaguchi University, Japan
Asst. Prof. Jihui Jia, China University of Petroleum
Energy Analysis
Prof. Yasumasa Fujii, University of Tokyo, Japan
Prof. Kuniaki Honda
Prof. Atsushi Kurosawa, Institute of Applied Energy,
Japan
Prof. Ken Okazaki, Tokyo Institute of Technology, Japan
Assoc. Prof. Jack Brouwer, University of California,
Irvine, USA
Dr. Makoto Akai, National Institute of Advanced
Industrial Science and Technology, Japan
Dr. Katsuhiko Hirose, Toyota Motor Corporation, Japan
Dr. Seiichiro Kimura, Renewable Energy Institute, Japan
Research Center for Next Generation Refrigerant
Properties
Prof. Ryo Akasaka, Kyushu Sangyo University, Japan
Prof. Akio Miyara, Saga University, Japan
Assoc. Prof. Chieko Kondo, Nagasaki University, Japan
Mazda Mobile Energy Storage for Low-Carbon Society
(Industrial Research Unit)
Assoc. Prof. Suguru Ikeda, Mazda Motor Corp., Japan
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Access Map

Access Map
Map of Fukuoka City

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
URL : http://i2cner.kyushu-u.ac.jp
Facebook : https://www.facebook.com/I2CNER.news
Twitter : https://twitter.com/I2CNER
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