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WPI

Kyushu University
International Institute for Carbon-Neutral 
Energy Research (I2CNER)

Kyoto University
Institute for Integrated Cell-Material Sciences 
(iCeMS)

Toward the realization of a low-carbon society, I2CER aims 
to resolve the challenges of the use of hydrogen energy and 
CO2 capture and sequestration by fusing together sciences 
from atomic levels to the global scale.

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

An innovative research center which pursues the goal 
of a t t a i n i ng comprehensive u nder s t and i ng of 
immune reactions through the fusion of immunology, 
various imaging technologies, and bioinformatics.

Established to integrate the cell and material sciences,  
iCeMS combines the potential power of stem cells 
(e.g., ES/iPS cells) and mesoscopic sciences to benefit 
medicine, pharmaceutical studies, the environment, 
and industry.

Tohoku University
Advanced Institute for Materials Research (AIMR)

Osaka University
Immunology Frontier Research Center 
(IFReC)

The World Premier International Research Center Initiative (WPI) is a project that was 
launched by the Ministry of Education, Culture, Sports, Science and Technology 
(MEXT) in 2007. The WPI seeks to form an ideal research environment within visible 
research centers that maintain high research standards, where leading researchers will 
be attracted from all over the world.

University of Tsukuba
International Institute for Integrative Sleep Medicine(IIIS)

Nagoya University
Institute of Transformative Bio-Molecules (ITbM)

Tokyo Institute of Technology
EARTH-LIFE SCIENCE INSTITUTE(ELSI)

National Institute for Materials Science International 
Center for Materials Nanoarchitectonics (MANA)

Kavli Institute for the Physics and Mathematics 
of the Universe (Kavli IPMU),
Todai Institutes for Advanced Study, 
The University of Tokyo

IIIS seeks to elucidate the fundamental mechanism of 
sleep/wakefulness, to develop strategies to regulate sleep, 
and to contribute to the enhancementof world health by 
combatting sleep disorders and associated diseases.

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

A major focus of our activities is the development of innovative 
materials on the basis of a new paradigm “nanoarchitectonics,” 
ground-breaking innovation in nanotechnology.

With accumulated research on mathematics, physics 
and astronomy, this research core works to bring 
light to the mysteries of the universe, such as its 
origin, and to provide an analysis of evolution.

MEXT Website  http://www.mext.go.jp/english/research_promotion/1303822.htm
JSPS Website    http://www.jsps.go.jp/english/e-toplevel/index.html

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

Visit the
the

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) provides concentrated support to 
establish and operate research centers that have at 
their core a group of very high-level investigators. 
The objective of these centers is to create a research 
environment of a sufficiently high standard to give them 
a highly visible presence within the global scientific 
community—that is, to create a vibrant environment that 
will provide a strong incentive to frontline researchers 
around the world to want to work at these centers. The WPI 
program has four basic objectives: advancing leading-
edge research, creating interdisciplinary domains, 
establishing international research environments, and 
reforming research organizations. To achieve these 

objectives, WPI research centers are required to tackle 
the following challenges: 

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 function 
• 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.

I2CNER Annual Report 20154
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Message from the Director

From the beginning, I have always viewed I2CNER as a unique project 
because it brings together so many world experts from so many disparate 
disciplines, and because our efforts address roadblocks in many different 
areas of the carbon-neutral energy parameter space. However, thanks to the 
steady progress that we have made throughout our first six years, I would 
say that we are beginning to stand out on the international stage for more 
than just our researchers alone—we are beginning to stand out because 
we’ve taken some of the best researchers in the world and encouraged 
them to establish collaborations that are unprecedented. What’s more, 
these collaborative efforts have begun to produce results that truly bear 
the mark of I2CNER because they could not have happened outside the 
framework of the I2CNER project. I would call this past year one of our 
most rewarding years to date because we have begun to see technology 
blossoming from our basic research efforts. What’s more, I believe we 
are in a “sweet spot” of the project because while we are beginning to 
see the results of our steady effort, there are also so many more exciting 
discoveries yet to be made.

Some of our most exciting, recent basic research highlights include: 
Coupling chemical synthesis, atomic resolution microscopy, and first-principles modeling, Illinois Professor Ertekin 
and PI Ishihara demonstrated for the first time that isolated dopant atoms embedded into titania can function as co-
catalysts for the photocatalytic production of hydrogen gas at rates that can be as much as ten times as large as 
undoped systems. To our knowledge, this is the first direct comparison of measured activity across a spectrum of 
dopant species to computational predictions. The “polymer-wrapped carbon” approach of PI Nakashima to covering 
the carbon catalyst support in polymer electrolyte fuel cells and Li-O2 batteries dramatically stabilizes and strengthens 
the function of the carbon surface. This discovery provides a radically new technique for the manufacturing of long 
lifetime electrodes with high performance. Using novel Raman spectroscopy methods, PI Zhang unlocked the 
fundamental physics governing charge and heat transport in suspended 2D nanomaterials. This increased fundamental 
understanding enables the easier integration of 2D materials in the semiconductor, electronics, battery energy, and 
composite materials industries. Continuing their work on biomimetic catalysis, the group of PI Ogo succeeded in 
developing a new synthetic [NiFe]-based catalyst for O2 reduction via an O2 adduct. This is the first example 
worldwide of a side-on iron (IV) peroxo complex of an O2-tolerant hydrogenase mimic. In an alternative collaborative 
approach, PI Yamauchi and Prof. Kenis utilized Cu catalysts with large surface roughness to achieve electroreduction 
of CO2 to ethylene and ethanol at current densities 10 times larger than the levels reported prior to their work and at 
an overpotential that is the smallest reported in the literature. Using innovative numerical and experimental 
methodologies, PI Tsuji and PI Christensen from Notre Dame demonstrated that inertial effects govern dynamic CO2 

migration and that CO2 saturation is controlled by the flow capillary number and the viscosity ratio between CO2 and 
water. These discoveries are transforming how we ascertain effective and safe CO2 storage.  Using geographic 
information system analysis, Prof. Itaoka and WPI Visiting Professor K. Hirose (Toyota Motor Corporation) identified 
prospective areas for hydrogen station locations for fuel cell vehicles and pointed to metropolitan areas which are not 
covered by the existing/planned stations.

As I am each year, I am excited about the potential for growth in 
the Institute over the next year. Because we are more focused than 
we’ve ever been and we are working with a strong core group of 
fully vested researchers, I believe we have reached a point where 
all our growth is significant. When paired with my knowledge of 
the incredible potential residing in our ongoing research efforts, the 
possibilities for I2CNER’s growth make me very optimistic about the 
overall future of the Institute.

Professor Petros Sofronis, Ph. D.
Director, International Institute for 

Carbon-Neutral Energy Research (I2CNER)
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About I2CNER
Mission
At I2CNER, our mission is to contribute to the creation 
of a sustainable and environmentally-friendly society by 
conducting fundamental research for the advancement of 
low carbon emission and 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
• Hydrogen Storage

• Catalytic Materials Transformations
• CO2 Capture and Utilization
• CO2 Storage
• Energy Analysis

Not only are I2CNER’s researchers tasked with crossing 
the boundaries of various scientific disciplines, but they 
also 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. 1: I2CNER Buildings (upper right) located in the center zone of Ito Campus
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I2CNER Vision

Background
The objective in creating a vision of a carbon-neutral 
energy society is to help locate the future technology 
options for a carbon-neutral society (CNS) by sharing 
a common image of a future for Japan with people in 
and outside of I2CNER. Researchers in I2CNER can then 
understand the big energy picture and how I2CNER’s 
research will help enable a CNS. 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 
primarily relevant to environmental concerns (climate 
mitigation), but is also 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.
It is expected that the critical point for GHG emissions 
reduction will come before the middle of this century in 
order to realize stabilization of GHG concentrations in 
the atmosphere after 2100 at the levels recommended by 
the Intergovernmental Panel on Climate Change (IPCC). 
Therefore, in this energy vision, we first envision 
the society in 2050. Since we are aiming at a drastic 
emission reduction, we need revolutionary concepts 
for new technology which are not significantly bound 
by the present paradigm. Thus, we use the back-casting 
approach, where we start by creating an energy vision 
of an idealistic future low carbon energy society and 
examining necessary technologies to meet the drastic 
emissions reduction target by 2050. 
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” hereafter) of fuel and 

Fig.1: Parameter Space of Technology Options
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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 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. 
In the power sector, in addition to efficiency 
improvements of current technologies, adoption of 
the Natural Gas Triple Combined Cycle using solid 
oxide fuel cells (SOFCs), the IGCC (Integrated coal 
Gasification Combined Cycle), and the IGFC (Integrated 
coal Gasification Fuel Cell Combined cycle) bring 
about further advancement in EI. Large deployments of 
photovoltaics (PVs) and wind power produce low carbon 
electricity. In the transportation sector, renewable based 
(wind, solar) electrolysis and natural gas reforming plus 
CCS produce low carbon hydrogen, which is used in fuel 
cell vehicles (FCVs). Battery electric vehicles (BEV) 
also have the benefit of using low carbon electricity. 
Residential & commercial sectors use advanced heat 
pumps for air conditioning and hot water supply, and 

various EI home appliance technologies, including 
advanced lighting (e.g. organic light emitting devices 
(OLEDs)). Fuel cell cogeneration is used in all end 
use sectors to improve total efficiency in providing 
electricity and heat. Industrial sectors adopt various 
EI technologies including friction loss reduction and 
utilization of low temperature heat. Finally, mixed low 
carbon fuels, including hydrogen or renewable methane 
(from landfills) mixed with town gas and produced or 
imported biofuels, can be used by any of the sectors. 
Biofuels could also be used in hybrid electric vehicles 
(HEV).

Down-Selecting Scenarios
There are many possible scenarios to achieve a deep 
cut in GHG emissions. 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. We 
developed multiple scenarios by prioritizing different 
LCI technologies, renewables, and CCS (see Table 
1). Nuclear is not prioritized in the scenarios at this 
point because of public concerns about safety. Table 2 
shows development and deployment timing of EI and 
LCI technologies across the scenarios. The variability 
of development and deployment of these technologies 
causes the differences among the scenarios. The 
following figures show the results of four possible 
low carbon society scenarios and the contribution of 
I2CNER’s research on enabling technologies for GHG 
emissions reduction in these scenarios.

Sector Type Technology Application Metric A B C D E
Electricity EI Thermal power Combined cycle Efficiency increase H H H H H

LMLHM tnemyolpeDVPICL
LCI Wind on-shore, off-shore Deployment M H L M L
LCI CCS off-shore, deep seabed Deployment M L H H L

HLANANANtratser fo oitaRraelcuNICL
LCI Electricity storage Battery, Flywheel Deployment M H L M L

Transportation EI High efficiency vehicle HV, FCV, BEV Efficiency increase H H H H H
LCI Low carbon fuel H2, Biofuel, Electricity Deployment M M M M M

Residential EI High efficiency appliance Heat pump, Co-gene Efficiency increase H H H H H
 &commercial LCI Low carbon fuel Low-carbon mixed gas Deployment M H L M M
Industry HHHHHesaercni ycneiciffEssecorp ycneiciffe hgiHIE

LCI Low carbon fuel H2, NG Deployment M H L M M
MMHLM tnemyolpeDSCCICL

Note: EI: Efficiency increase H :Highly advanced & deployed
LCI: Lowering carbon intensity M :Moderately advanced & deployed

L :Less advanced & deployed

Scenarios

Table 1: Technologies and their level of development in various scenarios,
where A represents a Balanced scenario, B represents an Emphasizing Renew-
ables scenario, C represents a Deploy CCS scenario, D represents a Reduced 
Nuclear scenario, and E represents a Nuclear Maintained scenario.
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Sector Type SHORT TERM 
- 2020

MID TERM 
2020 - 2030

LONG TERM 
2030 - 2050

VERY LONG TERM 
2050

Power and 
energy 
transformation

EI Efficiency increase in 
Photocatalysis (PC) and 
NGCC
IGCC deployment 
Smart community 

Large scale SOFC SOFC triple combined 
cycle, IGFC

LCI NGCC replacement for 
PC 
Large deployment of PV 
and wind power
Demonstration of CCS

Large deployment of PV 
and wind power
Demonstration of CCS
Medium scale of CCS 
deployment

Next generation PV
Full scale CCS 
deployment 
SOFC + CCS

Photo water splitting
Artificial photosynthesis

Transportation EI Large penetration of 
Hybrid car
Introduction of FCV and 
Electric Vehicles (EVs)
Hydrogen infrastructure 
introduction 

Early penetration of FCV 
and EV
Hydrogen infrastructure 
development

Large penetration of 
FCV and EV 

LCI Low carbon hydrogen 
from renewable 
electrolysis
Low carbon hydrogen 
from Natural Gas (NG) 
reforming + CCS

Residential & 
commercial

EI FC cogeneration (SOFC, 
PECE)
Efficiency increase in 
heat-pump
Smart community, 
HEMS&BEMS

FC cogeneration
Large efficiency increase 
in heat- pump
Desiccant air 
conditioning

LCI (Early penetration of 
rooftop PV)

(Large penetration of 
rooftop PV)

Mixed low carbon gas

Industry EI Introduction of steam-
heat-pump
Introduction of low 
temperature heat 
recovery technology
Friction loss reduction

Penetration of steam-
heat-pump
Penetration of low 
temperature heat 
recovery technology
Friction loss reduction

LCI Mixed low carbon gas
CCS deployment

I2CNER’s 
enabling science 
for the above 
area

EI High pressure hydrogen 
storage material, 
Tribology research, 
Desiccant material, 
Adsorption heat pump 
material 

Non Freon refrigerant 
OLED,
Durability increase in FC

Pressurized SOFC
Tribology research

SOFC CO2 capture

LCI PEM water splitting, 
Organic PV, Dye-
Sensitized PV

Steam Electrolysis, 
Passive CO2 monitoring / 
Modeling for CCS 

CO2 reduction 
technology (CO, Formic 
acid)
Novel metal hydride
Membrane CO2 
separation

Photocatalytic water 
splitting
Catalyst for artificial 
photosynthesis

Table 2: Timeline of technology development and deployment
(Blue fonts are indicative of I2CNER’s enabling technologies)
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Example Scenarios
 ■ 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.

I2CNER’s 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

Note: EI stands for efficiency increase in energy 
conversion and energy use. LCI stands for lowering of 
carbon intensity of fuel and electricity.

 ■ Scenario B (Emphasizing Renewables): Very large 
penetration of renewables for LCI and development 
of important EI technologies. About 72% CO2 
emissions reduction relative to 1990 in 2050.

I2CNER’s contribution to renewables
• Hydrogen storage and new battery technology to 

adjust intermittent PV and wind power from 2030
• Development of electrolysis (PEM and high 

temperature steam) from renewable electricity to 
provide low carbon hydrogen from 2030

Fig. 2: Power generation mix of Scenario A

Fig. 3: CO2 reduction relative to 1990 by sector in Scenario A

Fig. 4: Power generation mix of Scenario B

Fig. 5: CO2 reduction relative to 1990 by sector in Scenario B
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 ■ Scenario C (Deploy CCS): Large deployment of 
CCS for power and industries, especially for coal, 
and development of important EI technologies. 
About 71% CO2 emissions reduction relative to 1990 
in 2050.

I2CNER’s contribution to CSS
• Low cost membrane CO2 capture technology for 

IGCC and other fossil fuel generation from 2030
• Low cost and highly accurate seismic monitoring 

and CO2 simulation technology for CO2 storage site 
characterization and monitoring from 2030

 ■ Scenario D (Reduced Nuclear) or Scenario E 
(Nuclear maintained): Balanced application of LCI 
technologies including nuclear power, assuming that 
a part of the existing nuclear plants will restart and 
gradually phase out as the useful life expires (scenario 
D) or a part of the existing nuclear plants will restart 
and keep using current sites of nuclear generation 
except for Fukushima Diichi replacing existing 
Boiling Water Reactor (BWRs) and Pressurized 
Water Reactor (PWRs) with advanced BWRs and 
advanced PWRs as the useful life expires (scenario 
E). No new generation sites except for the sites where 
the plants are already under construction will be 
used.  

Fig. 6: Power generation mix of Scenario C

Fig. 7: CO2 reduction relative to 1990 by sector in Scenario C

Fig. 8: Power generation mix of Scenario D

Fig. 9: CO2 reduction relative to 1990 by sector in Scenario D

Overall, our scenario analyses show that a large deployment of renewables along with CCS can achieve low carbon 
intensity in the power and transportation sectors which together with a large penetration of EI technologies across 
the sectors results in as much as about 70% GHG emissions reduction. Using existing nuclear power plants and 
those currently under construction does not result in a large change in GHG emissions in the long run but does help 
GHG emissions reduction in the near future. The use of nuclear power can also help cost reduction in the technology 
portfolio for GHG emissions reduction. Considering the possibility of sink enhancement (e.g. forestation) and 
obtaining emission reduction credits resulting from the contribution to international emission reduction, about 70% 
reduction by technology development and deployment may lead to 80% total reduction credit counted for Japan. To 
make a further emission reduction, a more aggressive approach to GHG emissions from industry would be necessary.
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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.

Hydrogen production using a hydrogenase 
biocatalyst
This achievement is related to Project 2-1 in the roadmap 
of the Division (http://i2cner.kyushu-u.ac.jp/upload_
file/editor_files/team1/Molecular_Photoconversion_
Devices_20167.pdf). In FY2015, we have been 
developing an artificial photosynthesis method based 
on a combination of an inorganic semiconductor and 
a biocatalyst. The study examined a hydrogenase 
biocatalyst produced by recombinant DNA methods 
using Escheria Coli BL21(DE3).  A redox mediator, 
methylviologen, was used to promote electron transfer 
from the inorganic semiconductor to the hydrogenase.  
Two hydrogenase systems were characterized, one based 
on purified hydrogenase enzyme and the other based on 
whole cells. The latter simplifies handling and improves 
safety. The efficiency of H2 production from 300 nm 
photons was 0.31 and 1.57% for whole cells and the 
enzyme modified catalyst, respectively. A schematic of 
the whole-cell approach and the experimental results are 
shown in Fig. 1. The 2020 milestone for this project is 
1% efficiency. Therefore this system has achieved the 
milestone for 300 nm photons. The experiments were 
also significant because this is the first report using 
whole cell hydrogenase which demonstrates charge 
transport through the cell wall.

Fig. 1 (a) a schematic representation of the whole cell hydrogenase 
approach with the cell coupled to the TiO2 absorber material and 
(b) the experimental results for the purifi ed hydrogenase and 
whole-cell approach as a function of time.

Degradation mechanisms in hybrid perovskite 
photovoltaics
This achievement is related to Project 1 in the roadmap 
of the Division. Previously, we have investigated organic 
photovoltaic cells based on bulk heterojunctions. Recent 
results have demonstrated that the hybrid perovskite 
materials result in significant improvement in efficiency, 
but with low stability. This scientific achievement is 
related to mechanisms of degradation of hybrid organic/
inorganic CH3NH3PbI3-based perovskite solar cells 
(PSCs).
We have shown that formation of hole traps is directly 
related to device stability. Prior work had only examined 
trap formation in fresh material before degradation. This 
study is the first to connect that degradation explicitly 
to traps. The devices studied here used PEDOT:PSS and 
PC71BM as contacts to the CH3NH3PbI3. The best device 
produced to date had a 16% solar conversion efficiency, 
exceeding the 11% short-term milestone value in the 
division roadmap for 2020. The device degradation was 
studied by analysis of the hysteresis between forward 
and reverse current-voltage scans. For low scan rates and 
as-fabricated devices, there was virtually no hysteresis. 

Selected Research Accomplishments
Molecular Photoconversion Devices

(a)

(b)



13I2CNER Annual Report 2015

Selected Research Accomplishments

The results were the same for devices fabricated in either 
dry N2 or lab air. This was attributed to the highly dense 
materials formed. However, as the device was operated 
under light, the devices fabricated in air showed 
increasing hysteresis, developing much more rapidly 
than the samples fabricated in dry N2. This was attributed 
to humidity in the air. The behaviors are compared in 
Fig. 2. This was analyzed using the thermally stimulated 
current (TSC) technique in which charge is injected 
with a small forward bias and extracted under a reverse 
bias pulse as a function of temperature (similar to deep 
level transient spectroscopy). The results showed the 
development of two traps in the devices fabricated in 
air, while no traps were detected in films deposited in 
dry N2 (Fig. 2). The degraded samples show changes in 
the x-ray diffraction pattern including formation of an 
amorphous background and additional peaks.

Fig. 2 Degradation of devices fabricated in dry N2 (a) and in air (b) 
as a function of time under Xenon lamp illumination at 100 mW 
cm-2 (simulated AM1.5 solar spectrum) and the development of 
traps detected by the thermally stimulated current technique (c).
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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.

Next-generation high-strength, low-cost alloy 
for hydrogen service

The integrated scientifi c achievements described below 
represent progress toward the milestone of identifying 
mechanisms for hydrogen-induced fracture mode 
transitions in ferritic and austenitic alloys, considering the 
role of hydrogen-induced microstructure evolution. This 
short-term milestone is featured in the division Project 1: 
Physical descriptions of hydrogen-materials interactions 
(http://i2cner.kyushu-u.ac.jp/upload_file/editor_files/
team2/2_Hydrogen_Material_Compatibility_revision_
following_Dec2014_retreat.pdf). 

The achievements described below represent progress 
toward the ultimate target of commercially viable austenitic 
stainless steel with strength comparable to ferritic steels 
(e.g., 800 MPa), cost-competitive with alloy 304, and 
acceptable durability for fuel cell vehicles or fueling 
stations. This ultimate target is featured in Project 2: High-
Strength, Low-Cost Stainless Steels for H2 Service. 

Through the process of synthesizing ultra-fi ne grains 
in austenitic stainless steel, a yield strength level of 600 
MPa has been attained in the low-cost alloy Fe-16Cr-10Ni 
(Fig. 1), satisfying the mid-term milestone for Project 2. 
During this reporting period, the hydrogen compatibility 
of ultra-fi ne grained (UFG) Fe-16Cr-10Ni alloy was 
characterized by exposing tensile specimens to 100 MPa 
hydrogen gas (well above the pressure for actual hydrogen 
systems). Although this extreme hydrogen-exposure 
condition reduced the tensile ductility relative to the value 
in inert conditions, its absolute value (approximately 
30%) is comparable to those for commercial alloys under 
hydrogen service conditions. Figure 1 shows the measured 

stress vs. strain data for a conventional grain size (21 μm) 
and ultra-fi ne grain size (1 μm) in the Fe-16Cr-10Ni alloy 
with several hydrogen contents (no hydrogen as well as 
exposure to 10 MPa, 40 MPa and 100 MPa hydrogen 
gas). This result is extremely important as it shows that 
metastable austenitic alloys with cost similar to SUS304 
can be manufactured with high strength and acceptable 
hydrogen compatibility by applying a commercially viable 
material-processing method. 

Based on previous experience applying UFG processing, 
the high yield strength of the UFG Fe-16Cr-10Ni alloy 
was expected, however the hydrogen compatibility of 
this metastable alloy was a relative surprise, since such 
metastable austenitic alloys (e.g. SUS304) are expected 
to suffer more from hydrogen-induced degradation than 
stable austenitic alloys (e.g. SUS316).

Fig. 1 Tensile stress vs. strain data for the low-cost austenitic 
stainless steel Fe-16Cr-10Ni with ultra-fi ne grain size (d = 1 μm) 
and conventional grain size under hydrogen exposure conditions 
from 10 MPa to 100 MPa.

Barrier coatings: an alternative to synthesizing 
new alloys for hydrogen service
The achievements described below represent progress 
toward the milestone of develop and evaluate durable 
surface coating that resists hydrogen permeation at 100 
MPa pressure. This short-term milestone is featured in 
Project 2: High-Strength, Low-Cost Stainless Steels for 
H2 Service.

Hydrogen Materials Compatibility
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Fig. 2 Tensile and fatigue-life tests of hydrogen-exposed and non-
exposed specimens with and without the developed barrier coating 
(substrate: JIS-SUS630). The tensile and fatigue-life tests were 
performed in air at room temperature (RT). The specimens were 
exposed to high-pressure hydrogen gas at 100 MPa and 270˚C for 
200 hours.

In addition to synthesizing new high-strength, low-
cost alloys that are compatible with hydrogen, Project 
2 focuses on technologies such as barrier coatings that 
inhibit hydrogen uptake into materials. These barrier 
coatings can be applied to improve the hydrogen 
compatibility of commercial steels, thus enabling a 
broader range of currently available high-strength, low-
cost alloys to be considered for hydrogen service. Many 
studies have characterized barrier coatings in a low-
pressure hydrogen gas environment (< 1 MPa), however 
coatings with high performance in high-pressure 
hydrogen gas (e.g. 100 MPa) have not been developed.
In previous reporting periods, an aluminum-based 
multilayer surface coating (consisting of alumina, 
aluminum and Fe-Al) with excellent resistance to 
hydrogen permeation was developed from investigations 
in 100 MPa hydrogen gas. It was also discovered that the 
hydrogen barrier characteristic of the developed coating 
was attributed to hydrogen trapping at the interface 
between the Al and Fe-Al layers based on analysis of 
local hydrogen concentrations by secondary ion mass 
spectroscopy (SIMS). This hydrogen-trapping function 
of layer interfaces has not been reported in other studies 
of barrier coatings.

In this reporting period, tensile and fatigue properties of 
hydrogen-exposed, coated specimens were measured. A 
high-strength martensitic stainless steel (JIS-SUS630), 
which is known to suffer severe hydrogen-induced 
degradation, was used as a substrate. Surprisingly, tensile 
tests of smooth, round-bar specimens and fatigue-life 
tests of circumferential notched specimens clarified that 
the relative reduction in area and the fatigue life of the 
coated steels were not degraded by hydrogen, in contrast 
to the non-coated specimens (Fig. 2). These results 
demonstrate that barrier coatings may offer a viable 
pathway to deploying high-strength, low-cost steels for 
hydrogen service.
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Electrochemical Energy Conversion

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 
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.

Double polymer coated carbon nanotubes for 
high-durability fuel cells
Improvement of the durability of polymer electrolyte 
fuel cells (PEFC) is one of the most urgent targets of 
“Project 3-1 Polymer electrolyte cells” of this Division 
(http://i2cner.kyushu-u.ac.jp/upload_fi le/editor_fi les/PR/
Division-roadmap2015/ElectrochemicalEnergyConver
sion_20160204r.pdf). PI Nakashima and Prof. Fujigaya 
developed a novel PEFC using polymer-wrapped carbon 
nanotubes (CNT) as the catalyst support material (CNT-
based PEFC) showing a remarkably high durability (single 
cell test: >400,000 cycles, Fig. 1) at 80˚C under humidifi ed 
conditions. Such a remarkable durability has never been 
achieved so far: a conventional PEFC using carbon black 
(commercial PEFC) only withstands 5,000 cycles under 
the same operating conditions. The dramatic improvement 
was achieved by the use of the ‘PBI-wrapping method,’ 
in which PBI stands for polybenzimidazole, developed 
by Prof. Fujigaya and PI Nakashima. Owing to this 

achievement, the short-term milestone of the division 
roadmap, “PEC: Durable electrodes through novel design: 
105 potential cycles” for Project 3 (electrodes) has been 
achieved.
As a technological extension, the above mentioned 
polymer-wrapping method has been applied to lithium-
oxygen (Li-O2) secondary battery—related to the short 
term milestone “Novel battery: Proposal of new concept” 
of “Project 3-3 Energy storage”—to demonstrate a new 
approach to the design of ultimate rechargeable batteries 
due to their ultra-high capacity without the use of cobalt 
and other rare elements. At present, improvement of the 
cycle stability upon charging-discharging of rechargeable 
batteries is a crucial problem. Prof. Fujigaya and PI 
Nakashima found that the PBI-wrapping method 
dramatically enhances cycle stability. When charging-
discharging was tested on carbon nanotubes (CNTs) and 
PBI-wrapped CNTs, cycle stability was improved from 3 
cycles to 50 cycles (Fig. 2) due to the catalytic effect of 
PBI. In sum, the benefi ts of the PBI-wrapping method 
include simple processing, low-cost, and unprecedented 
durability in multiple cases. Elucidation of the mechanism, 
e.g., how the wrapped interfaces function as interfaces for 
reactions and catalyst support, is our next focus area. 

Fig. 1 (a) Schematic illustration of PBI-wrapping method. (b) Cell 
voltage at 200 mA-cm-2 as a function of potential cycling numbers 
of the CNT-based PEFC (blue) and commercial PEFC (green).

Fig. 2 Plots of the capacity on charge (open circle) and discharge 
(fi lled circle) cycles as a function of cycle number for the cells 
based on CNT (black) and PBI-wrapped CNT (red) between 2.0-
4.5 V (vs. Li/Li+) at a current density of 0.1 mA cm-2.
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Surface and Interface Phenomena in Solid 
Oxide Cells

Fig. 3(a) Cation fractions of water-rinsed surface of LSC thin fi lms 
after annealing for 1 h at different temperatures as determined 
by LEIS; (b) and (c) Increase in the surface exchange resistance 
with time for as-deposited and H2O treated thin fi lm electrodes, 
measured at (b) 400°C in pO2 = 1 mbar and (c) 600°C in pO2 = 
200 mbar.

Using leading-edge surface analysis techniques to 
measure both surface composition and the kinetics of 
oxygen exchange, the work of Professors Téllez and 
Druce and PI Kilner has revealed important features of 
the surface composition and kinetics of electrodes at 
lower temperatures (e.g. I2CNER’s target temperature 
of 500ºC for solid oxide cells). In particular, their 
investigations of the kinetics of strontium segregation 
and its effects on the electrochemical performance of 
La0.6Sr0.4CoO3-δ (LSC) thin film model electrodes at 400-
600°C (J. Mater. Chem. A, 3, 22759-22769, 2015) which 

was carried out in collaboration with Prof. Fleig at the 
Vienna University of Technology, revealed a systematic 
change of the surface composition with respect to the 
annealing temperature on water-rinsed surfaces of 
LSC. This work demonstrates clearly that the SrO 
segregation rate markedly increases with temperature 
(Fig. 3a). Second, this study also determined that that 
electrode degradation takes place more rapidly with 
increasing temperature (Figs. 3b and c). These results 
show clear evidence that SrO segregation is a direct 
reason underlying electrode degradation. Sr is a general 
component in most of the electrode materials. This work 
builds on their previous suggestions of the significance 
of the SrO segregation and loss of transition metals on 
the electrode surface. The above accomplishment in FY 
2015 now provides direct evidence for this phenomenon, 
and thus contributes to the understanding and tailoring 
of electrodes for solid oxide cells.  
In a related accomplishment, since electrode surfaces 
were shown to be transition metal free, a joint 
computational and experimental work by Téllez, Druce, 
and Staykov has elucidated the mechanism of oxygen 
activation and dissociation on transition metal-free 
surfaces. Driven by experimental results obtained by 
LEIS on SrTiO3 single crystals, a theoretical model 
for the electrocatalytic reaction has been developed in 
collaboration with computations conducted by Staykov 
of the Molecular Photoconversion Devices Division 
(Chemistry of Materials, 27, 8273-8281, 2015). The study 
reveals that although Sr is not active, oxygen vacancies 
present at the SrO surface are catalytically active sites 
for oxygen reduction. The sub-surface transition metal 
cations help the procedure by mediating the electron 
transfer from lattice oxygen ions to the O2 molecule. This 
study provides us a view of the mechanism of electrode 
catalysis that takes place on the electrode surface where 
transition metals are missing on the first layer. 

These accomplishments correspond to the short-term 
milestone “SOC: Highly active stable electrode” and the 
mid-term milestone “Quantitative and predictive theory 
of oxygen exchange in terms of composition and defect 
chemistry” for Project 1 “Electrodes.”
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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.

Nanobubble Stability Induced by Hydrophilic 
Domains on Bi-Philic Surfaces
Microscale gas bubbles residing at a liquid/solid interface 
are key for reducing the liquid-to-solid temperature 
difference required for the onset of nucleate boiling, 
an important goal in liquid-to-vapor phase change 
heat transfer (Division Project : HMT-1, Milestone : 
Development of boiling surface with onset of boiling 
at less than 2K in ΔTsat. [http://i2cner.kyushu-u.ac.jp/
upload_file/editor_files/PR/Division-roadmap2015/
Thermal_Science_and_Engineering.pdf]) To extend our 
recent study of nanobubble stability on highly oriented 
pyrolytic graphite, which used peak force quantitative 
nanomechanics (Langmuir, 31, 982−986, 2015), we 
fabricated a bi-philic surface (hydrophilic/hydrophobic) 
to explore the effects of wettability on nanobubble 
formation (Division Project: HMT-1, Milestone: Clear 
understanding of wettability effects in liquid-vapor phase 
change). We discovered that initially, a small number of 
nanobubbles are generated which rapidly decrease in 
size on the smooth and uniform hydrophobic surface. 
However, on the bi-philic surface (hydrophobic surface 
with hydrophilic domains), the hydrophilic domains 
significantly increase the generation and stability of 
nanobubbles, with bubbles remaining on the surface up 
to three days after immersion. The findings elucidated 
here provide guidelines for the development of mixed-
wettability boiling surfaces for increased phase change 
system reliability and efficiency.

Thermal Science and Engineering

Fig. 1 (upper) Schematic of the enhanced nanobubble generation 
and stability adjacent to hydrophilic domains. (a) Close to the Ti/
Si boundary, atomic force microscopy reveals many nanobubbles 
exist on the hydrophobic Si surface close to the hydrophilic edge, 
with (b) few nanobubbles on the uniform hydrophobic surface.

Novel T-Type Method for the Thermal 
Characterization of Nanomaterials
Two dimensional (2D) materials have many potential 
applications in the electronics and energy industries. In 
this study, we develop and utilize a novel noncontact 
Raman spectroscopy technique to measure the thermal 
conductivity of suspended 2D materials including: 
graphene, MoS2, and h-BN. Classical noncontact 
Raman spectroscopy works by laser heating the sample, 
measuring its Raman spectrum, and determining the 
local temperature based on the linear relationship 
between temperature and Raman band shifts. However, 
the heat flux, i.e. the absorbed laser power, needs to 
be theoretically estimated, causing large uncertainties. 
In this project, we have developed a novel steady-
state Raman spectroscopy method in combination 
with a novel transient laser flash Raman spectroscopy 
method capable of measuring the thermal conductivity, 
thermal diffusivity, and interfacial thermal resistance of 
suspended 2D nanomaterials without prior knowledge 
of the laser absorption. We have shown our novel 
methods to be in excellent agreement with past studies, 
giving us confidence of the accuracy of the technique. 
The developed characterization approach represents 
a significant milestone in the nanoscale heat transfer 
community. 
In addition to developing the novel thermal 
characterization technique, we used the T-type 
method, capable of measuring the thermophysical and 
thermoelectric properties of nanotubes, nanowires and 
nanoribbons, to (i) characterize the thermoelectric 
performance of an individual free-standing single 
crystal Bi2S3 nanowire and (ii) measure the in-situ heat 
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transport in defect-engineered free-standing single-layer 
graphene. Specifically, the T-type method measurements 
yielded the following advances:
(i) The thermoelectric properties including the Seebeck 
coefficient, thermal conductivity and electrical 
conductivity were measured for the first time using 
the T-type method. The figure of merit was shown to 
be far less than the reported values of nanostructured 
bulk Bi2S3 samples. The fundamental mechanism of the 
discrepancy was investigated and found to stem from 
the Seebeck coefficient sign change at 320 K. Through 
this work the short-term milestone on “Development 
of measurement methods of physical properties of 
individual nanomaterials” in the division’s roadmap for 
Project TP-3 has been realized.
(ii) Monolayer graphene ribbons were successfully 
suspended together with nanoscale hot films and milled 
using focus ion beam to create nanoscale defects and 
tune the heat transport. To characterize the effects 
of nanopores on heat transport, the in-situ thermal 
conductivity of the defect-engineered graphene was 
accurately measured using the T-type method. The 
nanopore defects were found to decrease the thermal 
conductivity by approximately 42%. The results of 
this work satisfy the mid-term milestone on “Clear 
understanding of nanoscale and interfacial thermal 
transport” in the division’s roadmap for Project TP-3.
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Overview
The research in the division aims at developing 
new carrier materials for hydrogen mobile and 
stationary storage, as well as for hydrogen 
delivery. For mobile hydrogen storage, the 
material based storage system must meet the 
needs of hydrogen fuel cell vehicles in terms 
of volume, weight percent hydrogen, cost, fast 
charging and discharging, and durability with 
high well-to-wheel energy efficiency. Hydrogen 
delivery systems based on hydrogen-absorbing 
materials are focused on cost effective truck 
transport of large amounts of hydrogen. Material 
based stationary hydrogen storage applications 
must be more cost effective and energy efficient 
than conventional pressurized gaseous hydrogen 
storage or uniquely meet particular requirements 
of specific stationary applications.

High performance hydrogen storage 
materials: Amide/hydride composites
In order to develop hydrogen storage materials with 
an appropriate hydrogen weight capacity for on board 
application, amide/hydride composites have been 
developed under a NEDO project in collaboration 
with the car industry. We have already reported the 
three-component amide/hydride composite, Mg(NH2)2-
4LiH-LiNH2, which showed hydrogen release of 7.7 
wt% and on-set hydrogen release temperature of 150°C, 
compared to the theoretical capacity of 9.0 wt%. 
This fiscal year we intensively developed additives for 
improvement of hydrogen capacity, release temperature 
and cycleability (limited by formation of ammonia). It 
was found that KH increases hydrogen capacity to the 
theoretical value of 9.0 wt%, reduces the hydrogen 
release temperature to 90°C, and prevents ammonia 
formation, as shown in Fig. 1. These achievements meet 
the targets set by NEDO and our Project 1 for on board 
hydrogen storage (http://i2cner.kyushu-u.ac.jp/upload_
file/editor_files/PR/Division-roadmap2015/Hydrogen_
Storage.pdf).

Fig. 1: Hydrogen capacity and on-set hydrogen release temperature 
of Mg(NH2)2-4LiH-LiNH2 with and without KH addition

Effect of lattice defects on hydrogen storage 
behavior of TiFe-based materials
The main drawbacks of TiFe- and Mg-based hydrides 
for hydrogen storage are difficult activation and high 
thermodynamic stability, respectively.  Our earlier 
works showed that TiFe was activated by processing 
through the high-pressure torsion (HPT) method, but 
the activation pressure was as high as 10 MPa. We 
employed two strategies to activate TiFe at low pressures: 
(i) introduction of lattice defects by HPT processing 
for fast hydrogen diffusion; and (ii) enhancement of the 
thermodynamic stability of the hydride by the addition of 
Mn to TiFe. TiFe activated by these strategies absorbed 
hydrogen very fast at 30°C under pressures as low as 0.2-2 
MPa. TiFe0.7Mn0.3 could be activated even by crushing.  This 
study provides important fi ndings for the milestone of “Start 
commercialization of HPT-processed TiFe for stationary 
applications and HPT-processed Mg alloys for on board 
applications” in Project 3 of the Division.

Fig. 2: Fast hydrogen storage at 30°C in TiF-Mn intermetallics 
processed by High Pressure Torsion (HPT.)

Hydrogen Storage
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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.

A High-Valent Iron(IV) Peroxo Core Derived 
from O2

Continuing our previous studies of the fi rst functional 
biomimetic iron-nickel hydrogen-splitting catalyst 
reported in Science (339, n6120, 682-684, 2013), 
we are pursuing the production of a catalyst for the 
complementary oxygen-splitting cathode side of the cell. 
Dioxygen-tolerant [NiFe] hydrogenases catalyze not 
only the conversion of H2 into 2H+ and 2e− but also the 
reduction of O2 to H2O. Chemists have sought to mimic 
such bifunctional catalysts with structurally simpler 
compounds to facilitate analysis and improvement. This 
year, we are reporting a new [NiFe]-based catalyst for O2 
reduction via an O2 adduct. Such catalyst for O2-activation 
is a model for studying O2-tolerant [NiFe] hydrogenases. 
Structural investigations reveal the fi rst example of a side-
on iron (IV) peroxo complex. Our next step is to further 
modify the hydrogen and oxygen splitting catalysts so 
they can be used in a working fuel cell. Realization of 
such a fuel cell is a crucial step toward making fuel cells 
affordable enough for real world applications. These 
results satisfy the short-term milestone of H2-activation 
“Isolation of new hydrogenase and its model complex” 
in Project 1 of the Division (http://i2cner.kyushu-u.ac.jp/
upload_file/editor_files/team6/6_Catalytic_Materials_
Transformations_R2.pdf). In addition, this result is the 
benchmark of the fi rst biomimetic model catalyst of O2-
tolerant [NiFe] hydrogenase, presenting the fi rst example 
of a side-on iron (IV) peroxo complex.

Fig. 1 A dioxygen-tolerant hydrogenase mimic to catalyze O2 

reduction. Selected for the back cover picture of Angewandte 
Chemie International Edition (ACIE)

CO2-free electric power generation via direct 
charge and discharge using the glycolic acid/
oxalic acid redox couple
Efficient electric power generation from renewable-
energy sources, such as through solar photovoltaics, 
wind turbines, and water waves, faces some difficult 
technological challenges due to the intermittent nature 
of these sources.  Here, we demonstrate an electric 
power closed system technology that generates zero 
CO2 emissions, and which is based on the glycolic acid 
(GC)/oxalic acid (OX) redox couple.  Direct electric 
power storage in GC ensures considerable high energy 
density storage and good transportability through OX 
electroreduction with significantly high selectivity 
(>98%) using pure anatase-type titania (TiO2) spheres 
under mild conditions in the potential region of -0.5 to -0.7 
V vs. the reversible hydrogen electrode (RHE) at 50ºC.  
The most desirable characteristic of this electroreduction 
is the suppression of hydrogen evolution even in acidic 
aqueous media (Faraday efficiency of 70–95%, pH 2.1).  
We successfully generated power without CO2 emissions 
via selective electrooxidation of GC with an alkaline 
fuel cell.

Last year, we succeeded in generating power without 
CO2 emissions using a direct ethylene glycol alkaline 
fuel cell, as reported in Sci. Rep. (4, 5620, 2014).  This 
year, we managed to directly charge electric power into 
glycolic acid, an alcoholic compound to generate electric 
power using a direct glycolic acid alkaline fuel cell 
without CO2 emissions, which is the first demonstration 

Catalytic Materials Transformations
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of CO2-free power generation using a liquid energy 
carrier.  This accomplishment is directly related to our 
long-term milestone “Power generation without CO2 
emissions” in the division’s roadmap for Project 2.

Fig. 2 Schematic of a carbon-neutral energy generation cycle by 
highly selective electrocatalysis using the glycolic acid/oxalic acid 
redox couple.
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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.

Optimizing gas diffusion electrodes for the 
electroreduction of CO2 to CO
With the extensive research on the cathode catalysts, 
mass transport limitations are becoming a challenge to 
high throughput electroreduction of CO2 to CO. Gas 
diffusion electrodes (GDEs) - consisting of a carbon 
fiber substrate (CFS), a micro porous layer (MPL), and 
a catalyst layer (CL) have been used to improve mass 
transport of the reactants and products to and from the 
electrodes in electroreduction of CO2. However, GDEs 
have not been optimized explicitly for the electroreduction 
of CO2. In this project, we studied the effect of the 
MPL and CFS composition on cathode performance 
in electroreduction of CO2 to CO. We determined an 

optimum level of hydrophobicity of the MPL with 20 
wt% polytetrafluoroethylene (PTFE), an optimum level 
of wet proof level of the CFS (10 wt% PTFE), and 
an optimum thickness of the CFS which is used as a 
commercial product of Toray-60 with a thickness of 190 
μm. GDEs with this optimal composition lead to partial 
current densities for CO production as high as 280 mA 
cm-2 at a cathode potential of -2.2 V and thus outperform 
commercially available GDEs. These optimized GDEs 
also exhibit no decay in performance during continuous 
operation for 4h. Furthermore, the enhanced cathode 
performance is more significant when using the dilute 
feed (50-50 CO2 and N2) due to improved CO2 diffusion 
with the use of optimized GDEs. One of the short-
term milestones in the division’s roadmap for Project 
2 is to improve “electrode structure for high current 
densities” for CO2 reduction. This work demonstrates 
that in comparison to commercially available GDEs 
the optimized GDEs lead to an enhancement in cathode 
performance of up to 13% and 30% with the use of 100% 

CO2 Capture and Utilization

Fig. 1 (a) Partial current density for CO as a function of different 
potentials for GDEs with different thickness of CFSs with mixture 
of 50% CO2/50% N2 (a), and (b) partial current density for CO as 
a function of time when using GDEs with 10% and 50% wet proof 
level of CFSs over a total of 4h.

(a)

(b)
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CO2 and dilute feed (50-50 CO2 and N2), respectively. 
In ongoing work, incorporation of carbon nanotubes 
(CNTs) into GDEs is being studied to improve electrode 
performance and durability. CNTs in CLs can lead to 
partial current density for CO as high as 350 mA cm-2. 
Also, adding CNTs in MPLs helps to fabricate crack-free 
and PTFE-free MPLs.

Development of CO2 separation membranes 
over H2

In pre-combustion CO2 capture by membranes, the larger 
CO2 molecule has to be separated from the smaller 
H2 molecule. Our division targets in CO2 separation 
over H2 are shown in Table 1. Because the size of H2 
molecule is smaller than that of CO2, a simple size-
sieving separation membrane is not effective for CO2/H2 

separation. Chemical interaction between CO2 gas and 
membrane materials should be utilized for preferential 
CO2 permeation across the membrane. 

We have focused on amine compounds as CO2 
-interacting agents to elevate the solubility in the 
membranes. Poly(amidoamine) (PAMAM) has been 
mainly used to prepare the CO2 separation membranes, 
and the CO2 separation properties with a 330 nm 
thickness at ambient conditions are listed in Table 1. 
Our current accomplishments on CO2 permeance and 
selectivity are 97 and 30 respectively and these values 
are almost right on our division’s roadmap targets, which 
are 100 for permeance and 30 selectivity (http://i2cner.
kyushu-u.ac.jp/upload_file/editor_files/PR/Division-
roadmap2015/CO2_Capture_and_Utilization.pdf). Our 
next target is to elevate the gas pressure because the real-
world pressure for CO2/H2 separation, especially in the 
IGCC (Integrated Coal Gasification Combined Cycle) 
processes, is around 1MPa.

Table 1: Comparison of CO2 separation performance 
over H2

Permeance/
GPU*1 Selectivity

CO2 partial 
pressure 
[MPa]

Division 
Target 100 30 1.0

I2CNER 
(PAMAM 
in PEG*2)

97 30 0.05

*1: GPU = 7.5 × 10-12 m3(STP)/(m2 s Pa)   
(STP: Standard Temperature and Pressure)

*2: PEG: Polyethylene glycol 
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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 sub-seabed 
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.

On suitable reservoir conditions for effective 
and safe CO2 storage
The CO2 behavior and saturation in the storage reservoir 
is influenced by many reservoir parameters, including 
the viscosity and density of the fluids, interfacial tension, 
pore structure, and other porous medium characteristics 
(e.g., wettability and surface roughness). Therefore, it 
is a challenging task to identify suitable conditions for 
CO2 storage. 
To this end, we calculated non-wetting phase fluid (CO2) 
displacements in 3D natural sandstone under various 
conditions using two-phase lattice Boltzmann (LB) 
simulations, and characterized the influence of reservoir 
conditions upon the non-wetting fluid (CO2) -water flow 
behavior (Fig. 1a). The results of simulations under 
various reservoir conditions were used to classify the 
resulting two-phase flow behaviors into three typical 
fluid displacement patterns on the diagram of capillary 
number, Ca = μnwVnw/σ, and viscosity ratio, M = μnw/
μwater, where Vnw is the velocity of the non-wetting 
phase (CO2), σ is the interface energy, and μnw and 
μwater are the viscosities of the non-wetting phase and 
water, respectively. In addition, the non-wetting phase 
saturation Snw was calculated and mapped on the Ca–M 
diagram (background color on the Ca-M diagram). For 
CO2 storage, we must consider the domain of M < 1 
(or logM <0); red rectangle area in Fig. 1b), because 
the viscosity of CO2 at reservoir-relevant conditions is 
lower than that of water. These results demonstrated that 
CO2 saturation is controlled by both Ca and M, and the 
optimum CO2 saturation scales with Ca and M (Fig. 1b). 
When we applied similar analysis to a simplified type of 
porous medium (2D homogeneous model in Fig. 1c), we 

found that CO2 saturation and behavior are significantly 
different (Fig. 1d). These important differences 
between two-phase flow in 3D natural rock and in 2D 
homogeneous media could be due to the heterogeneity of 
pore geometry in the natural rock and differences in pore 
connectivity. By quantifying CO2 behavior in the target 
reservoir rock under various conditions (i.e. saturation 
mapping on the Ca-M diagram), our approach provides 
useful information for investigating suitable reservoir 
conditions for effective CO2 storage (e.g., high CO2 
saturation). 
This effort directly addresses the short- and mid-term 
milestones of Project 2 of the Division (Pore-scale CO2 
investigation), specifically the milestones: (i) Model 
injected CO2 behavior (residual, solubility and mineral 
trapping; short-term); (ii) Increase storage capacity and 
security by enhanced residual and solubility trapping 
(mid-term) (http://i2cner.kyushu-u.ac.jp/upload_file/
editor_files/team8/8_CO2Storage.pdf). Lastly, the work 
was done under international collaboration between 
Kyushu University and the University of Notre Dame.

Fig. 1. (a) Left panel shows the 3D pore geometry (digital rock 
model) of a natural sandstone sample. Right panel shows two 
types of simulated behavior for the nonwetting phase (CO2) in the 
3D natural sandstone: viscous fi ngering and capillary fi ngering 
regimes; (b) Plot of the simulated displacement pattern (colored 
dots) and CO2 saturation (background color) under various fl ow 
capillary numbers and viscosity ratios. The CO2 infi ltration behavior 
(i.e., that of the nonwetting phase) can be classifi ed as primarily 
capillary fi ngering (red dots) or viscous fi ngering (blue dots), with 
little in the way of stable displacement. The gray dots indicate 
the crossover state, which cannot be classifi ed as predominantly 
one of the 3 typical displacement patterns (meaning it is likely 
a combination of displacement patterns). The background color 
shows the saturation levels of the nonwetting, CO2 phase Snw (or 
SCO2). For CO2 storage, the domain of interest is M<1 (or logM 
<0; red-dashed rectangle); (c) Nonwetting phase behavior in a 
2D homogeneous pore model at various fl ow conditions: viscous 
fi ngering, stable displacement, and capillary fi ngering regimes. 
(d) Plot of the displacement pattern and the nonwetting phase 
saturation for the 2D homogeneous model. Green dots indicate 
the stable displacement regime, which cannot be identifi ed in the 
simulations for the natural sandstone (Fig. b).

CO2 Storage
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Dynamics of CO2 behavior in natural pore 
space
We have developed methodologies to overcome a lack of 
experimental data regarding the flow dynamics of CO2 
and water transport in porous media (i.e., rock), 
specifically at reservoir conditions (pressure and 
temperature) and in porous media that reflects the 
complexity of rock found in candidate geologic storage 
sites in Japan. To assess the flow dynamics of CO2 and 
water transport in heterogeneous porous media at 
reservoir conditions, we developed a unique high-
pressure visualization measurement protocol using the 
microscopic particle image velocimetry (PIV) method in 
concert with fluorescent microscopy to quantify the flow 
of CO2 and water in 2D porous micromodels. The 
micromodels are fabricated in silicon and placed in an 
overburden pressure cell that allows us to achieve 
reservoir-relevant conditions (>80 bar pressure and a 
range of temperatures) in the 2D porous micromodels. 
Optical access is provided to the porous flow through the 
pressure cell and a dual-camera system is used to acquire 
high-frame-rate imaging of both the water (seeded with 
fluorescent tracer particles) and CO2 (tagged with a 
fluorescent dye) phases whereby spectral separation is 
used to isolate the two fluorescent signals and allow 
separate imaging on high-resolution image sensors. PIV 
methods are used to calculate the instantaneous water 
velocity fields from the movement of the tracer particles 
in the water phase (Fig. 2), while the instantaneous 
spatial configuration of the CO2 is elucidated from the 
fluorescent emission of the CO2 dye. We have made 
extensive measurements in homogeneous micromodels 
and are presently conducting experiments in 
heterogeneous micromodels that mimic the porous 
nature of rock relevant to geologic storage of CO2. Our 
results highlight the unsteady and dynamic nature of 
flow within the rock pore structure, particularly dominant 
and preferential flow paths formed during bursting flow 
processes termed Haines jumps. During these events, we 
find the velocity of the CO2 front to be more than 60 
times larger than the bulk velocity, and thus the local 
Reynolds number well exceeds the applicability limits 
of Darcy’s law. Furthermore, we observed individual 
CO2 fingers with high velocity often displace water over 
a very large area of the micro model consisting of tens of 
pores. Thus, water flow driven by the CO2 finger 
advancement is correlated across many neighboring 
pores. Conventional pore network models, for example, 
may not account for such effects. Lastly, this dynamic 
bursting phenomenon by which the CO2 advances 
through the pore structure plays a defining role in how 
efficiently the CO2 infiltrates the rock and thus must be 
accounted for within pore-scale models in larger-scale 

numerical simulations. This effort directly addresses the 
short- and mid-term milestones of Project 2 in the 
division’s roadmap (Pore-scale CO2 investigation), 
specifically the milestones: (i) Model injected CO2 
behavior (residual, solubility and mineral trapping; 
short-term); (ii) Increase storage capacity and security 
by enhanced residual and  solubility trapping; mid-term.

Fig. 2. CO2 migration within a water-saturated micromodel. The 
micromodel is fabricated with a heterogeneous pore structure 
inspired by thin samples of a sandstone from the CCS injection site 
in Decatur, Illinois, USA.  Color indicates the velocity magnitude 
of water movement (see color bar), the CO2 is white and the porous 
grains of the micromodel are shown in gray.
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Overview
This division plays a critical role in I2CNER.  It 
is responsible for providing carbon emission, 
energy efficiency, and cost analysis 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.  Also, 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.

Probability analysis of I2CNER’s scenarios
An approach to determining the accuracy of our 
predictions of the level of carbon emissions reduction 
in our scenarios is to consider the impact of the 
development of new technologies on meeting emissions 
goals. To quantitatively evaluate the probability of new 
technology development and deployment enabling the 
targeted greenhouse gas (GHG) emissions reduction, 
we estimated probability distribution functions of GHG 
emissions reduction amounts in 2050 as follows: For 
each selected important technology, future development 
of key parameters are projected assuming that they 
would be developed similarly to existing technologies. 
Probability distributions of key parameters varied 
depending on the technology category. 

Energy Analysis

Fig. 1 Monte Carlo simulation results for the probability of GHG emissions reduction in 2050 under the assumption that development of 
important technologies takes place with probability distributions whose mid-values refl ect continuation of current efforts.  LCG denotes 
low carbon town gas containing low carbon methane and/or hydrogen produced from renewable energy-Power to Gas concept-and GSD 
and SD denote geometric standard deviation and standard deviation, respectively. The term “Ratio” in the “unit” column denotes the 
percentage of technology penetration into the targeted application.  It is remarkable that the probability density around 70% emissions 
reduction is very low, implying an urgent need for technology breakthroughs.
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For example, the increase of automobile fuel efficiency 
with an internal combustion engine is classified as a 
mature existing technology having a narrow range of 
parameter variation with an assumed normal probability 
distribution. On the other hand, wind power deployment 
is classified as a new technology whose deployment 
is having a wide range of parameter variation with a 
possibility of an extreme value, and it was thus assumed 
to have a lognormal probability distribution. Preliminary 
analysis on probability distribution of GHG emissions 
reduction in Japan by 2050 was conducted using Monte 
Carlo simulation (Fig. 1) followed by rank order 
correlation analyses (importance analyses) on the results 
of the Monte Carlo simulation (Fig. 2). 
Our results reveal that it is very unlikely that Japan will 
achieve 70-80% emissions reduction by 2050 by relying 
upon the current efforts that focus on gradual development 
of technologies that improve efficiency and lower carbon 
intensity in conjunction with gradual deployment of new 
technologies. I2CNER’s scenarios can be interpreted 
as the cases of a combination of extreme values in the 
probability distribution of the key parameters. They 
must appear around the right end of the horizontal axis of 
Fig. 1. Breakthroughs in technology development, which 
I2CNER’s scenarios assume, should realize the extreme 
values of the key parameters. In addition, our results 

revealed that technology development to accelerate 
deployment of CCS in coal power generation and PV is 
very important. This approach allows the identification 
of the impact of technology breakthroughs as well as 
the technologies which are most likely to contribute 
substantially to meeting the emission reduction goals.

Fig. 2 Importance analysis of technology development: Rank order correlations of GHG emission reductions and technology development 
for the Monte Carlo simulations shown in Fig.1.
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Investigation of optimum deployment of 
hydrogen refueling stations in Japan’s 
metropolitan areas
The objective of this study was to develop an effective 
model for domestic hydrogen station deployment and 
identify prospective areas for hydrogen station locations 
in order to meet the refueling demand that will be driven 
by fuel cell vehicles (FCV). Proper hydrogen station 
placement is currently critical for stimulating the FCV 
demand in the market areas. 
We examined deployment models using GIS 
(geographic information system) analysis to consider 
user convenience and FCV penetration phases. To run 
the models, we assumed that potential FCV customers 
were current high-priced luxury car (over 5 million yen) 
owners. 
Based on our model results, we concluded that the most 
effective approach was to locate the hydrogen stations 
in a way that minimizes average distance between 
potential customers and nearest hydrogen stations. The 
respective model yielded the most suitable location 

of the refueling stations to serve potential customers 
(Fig. 3). Our modeling also identified the difference in 
location between the existing /planned hydrogen stations 
and the optimum layout by our study and suggested 
the most appropriate sites of the stations. The model 
demonstrated that more hydrogen stations need to be 
located in internal city locations, especially in every 
prefectural capital. Our analysis also identified the 
important metropolitan areas which are not covered by 
the existing/planned stations, but need to be covered by 
new stations.

References
[1] Itaoka, K., Kimura, S., Okamura K. and Arai, A., 

Energy technology analyses for deep GHG emission 
reduction by 2050 in Japan, Paper presented at 
the Annual Conference 2014 of the Society for 
Environmental Economics and Policy Studies, 
Machida, Tokyo, Japan, Sep 13-14, 2014.

Fig. 3 Red dots and red areas show existing/planned station sites and their 10 minute driving radiuses.  The additional stations that will be 
created, bringing the total of initial stations to 100, are indicated by green dots, and their 10 minute driving radiuses are indicated by green 
areas. The additional stations in the initial 100 to 200 stations and their 10 minute driving radiuses are indicated by yellow dots and yellow 
areas. The early 5000 customers are represented by blue areas. The additional 15000 customers, which will bring the total to 20000 early 
customers, are represented by light blue areas. Lastly, the additional 30000 customers, which will bring the total to 50000 early customers, 
are represented by pale blue areas.
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Molecular Photoconversion Devices
Integrated Experimental and Theoretical 
Approach to Improved Hydrogen Production 
Catalysts in Two-Dimensional, Doped Titania 
Nanosheets
(Experiments in photochemistry, transmission electron 
microscopy, and first-principles atomistic computer 
simulations)
In this achievement, our team combined nanoscale 
synthesis, high resolution transmission electron 
microscopy, and computational chemistry to demonstrate 
a new approach to photocatalytic hydrogen production 
assisted by single atom co-catalysts embedded as dopants 
in two-dimensional doped titania nanosheets. In contrast 
to typical co-catalysts which are clusters of particles, high 
resolution transmission electron microscopy and scanning 
tunneling microscopy revealed that isolated Rhodium atom 
dopants incorporated into the titania nanosheets serve as 
co-catalysts that act as active sites for water oxidation and 

reduction. At optimal doping concentrations, the hydrogen 
production rate is increased by a factor of ten in comparison 
to the undoped sheets. Alongside the experimental 
measurements, atomistic fi rst-principles simulations based 
on density functional theory reveal the mechanisms by 
which the isolated Rh dopants induce changes to the water 
molecule adsorption and dissociation energy landscape on 
the nanosheets. Motivated by this achievement, we have 
extended this work to map the full reaction mechanism of 
the oxygen evolution reaction (OER) on these nanosheets, 
both pristine and those containing transition metal dopants. 
Based on these insights, we further assessed the full 
spectrum of 3d, 4d, and 5d transition metals as candidate 
dopants for the experimentally synthesized nanosheets. 
Our work directly combines atomistic computational 
modeling with experiments in water splitting chemistry 
on two-dimensional doped titania nanosheets, and 
to our knowledge, is the fi rst direct comparison of 
measured activity across a spectrum of dopant species to 
computational predictions. This accomplishment targets 
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the short-term milestone 1 (energy conversion effi ciency 
> 1%) of Project 2-1 “Water splitting with organic and 
inorganic composite” in the division’s roadmap.

Fig. 1 Schematic of two-dimensional titania nanosheets with 
isolated Rh dopant atoms incorporated, and electronic charge 
density from simulations illustrating water molecule dissociation 
at the catalytic sites.
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Combining modeling and experiment to 
improve photoelectrodes
(Solid state physics, electronic behavior of materials,and 
electrochemistry)
This achievement is related to Project 2-2, which targets 
the mid-term milestone “new concept” of Project 2 in 
the division’s roadmap. Earth-abundant materials such 
as CaFe2O4 (CFO) are attractive candidates for 
photoelectrodes because of their low cost and ease of 
handling. CFO is a p-type semiconductor that could 
serve as a photocathode for artificial photosynthesis, but 
two problems: it degrades during operation and the onset 
potential is too low to drive water oxidation. We have 
dramatically improved the performance of CFO 
photocathodes by coating the surface with TiO2. This 
approach was developed based on a photoelectrochemical 
cell model developed at the University of Illinois and 
applied to the research being conducted at Kyushu 
University. Based on the simulation results from the 
Rockett group, researchers led by Shintaro Ida and 
Tatsumi Ishihara were able to dramatically improve the 
electrode performance. The TiO2 coating protects the 
CFO surface while at the same time reducing the 
recombination of photogenerated carriers at the surface. 
The experiments showed reduced performance under 
UV photons that stimulated the TiO2, but the model 
demonstrated that improved performance could result if 
longer wavelength photons excite only the CFO. This 
was shown experimentally. Thus the model showed how 
to operate the TiO2-coated CFO photoelectrodes for best 
performance and the experiments validated the model 
and showed the improvement. The resulting 
photoelectrodes produce a voltage sufficient to oxidize 

water without bias voltage.

Fig. 2 Theoretical results simulating the effect of coating a CaFe2O4 

photoelectrode with TiO2 under (a) 530 nm photons and (b) 300 
nm photons and the experimentally-determined performance (c) 
of the photoelectrode.  The model showed how performance could 
be improved while the experiments demonstrated a photoelectrode 
capable of water oxidation without externally-applied bias.
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Hydrogen Materials Compatibility
Mechanistic interplay between hydrogen and 
deformation microstructure in stainless steel
(Mechanical metallurgy and electron microscopy)
The interdisciplinary achievement described below 
represents progress toward the milestone of identify 
mechanisms for hydrogen-induced fracture mode 
transition in ferritic and austenitic alloys, considering 
role of hydrogen-induced microstructure evolution. This 
short-term milestone is featured in Project 1: Physical 
Descriptions of Hydrogen-Materials Interactions.

It is well recognized that the resistance of austenitic 
stainless steels to hydrogen embrittlement (HE) depends 
on the stability of austenite: transformation of austenite 
to martensite during deformation generally results in 
higher HE susceptibility. However, the mechanism to 
cause a lower ductility or higher fatigue-crack growth 
rate of austenitic stainless steels in the presence of 
hydrogen has not been well understood and consequently 
the application of conventional stainless steels in high-
pressure hydrogen service is limited. In an effort to 
clarify the mechanistic interplay between hydrogen 
and deformation microstructure in austenitic stainless 
steels, two alloys with different austenite stabilities 
were featured: 316L (higher stability) and 304 (lower 
stability).

During this reporting period, non-charged (4 mass ppm 
of H) and H-charged (104 mass ppm of H) specimens 
were subjected to slow strain rate tensile and fatigue-
crack growth tests, and the effect of hydrogen on 
microstructure evolution immediately beneath the 
fracture surfaces was examined using a combination 
of a focused-ion beam (FIB) lift-out technique and 
transmission electron microscopy (TEM). The results 
obtained from the uniaxial tensile test using type 304 
stainless steel are summarized here. The fracture surface 
of type 304 showed ductile dimples in the non-charged 
state, whereas the hydrogen-induced fracture surface 
consisted of “flat” and “quasi-cleavage (QC)” features; 
the “QC” feature is shown in Fig. 3c. Figures 3a and 
3b present the microstructure developed immediately 
beneath the hydrogen-induced “QC” fracture surface and 
a diffraction pattern. From this detailed microstructural 
observation, it was proposed that “QC” fracture is caused 
by a synergistic effect of hydrogen-enhanced localized 
plasticity and hydrogen-enhanced decohesion with the 
assistance of hydrogen release from α’-martensite at 
transformation. This interdisciplinary study combining 
mechanical metallurgy and electron microscopy 
will enable determination of alloy composition and 
microstructure that optimizes cost and performance in 
austenitic stainless steels.

Fig. 3 Hydrogen-induced “quasi-cleavage” failure caused 
by uniaxial tension of type 304 austenitic stainless steel: (a) 
microstructure immediately beneath fracture surface revealed by 
FIB-TEM; (b) diffraction pattern of (a); (c) SEM image of “quasi-
cleavage” fracture surface.
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Advancing thermodynamics-based modeling 
of hydrogen-assisted intergranular cracking
(Materials physics, solid mechanics, mechanical 
metallurgy)
The interdisciplinary achievement described below 
represents progress toward the milestone of identify 
mechanisms for hydrogen-induced fracture mode 
transition in ferritic and austenitic alloys. This short-term 
milestone is featured in Project 1: Physical Descriptions 
of Hydrogen-Materials Interactions.

During this reporting period, the modeling of hydrogen-
assisted intergranular cracking was advanced through 
a thermodynamic treatment of new surface creation 
accompanying fracture. This thermodynamic approach 
focuses on the composition of the newly formed 
surfaces, which depends on the chemical potential 
of the components of a material and their mobility. 
Modeling surface composition is the foundation of the 
thermodynamic approach to fracture, since composition 
is connected to surface energy which in turn is an 
element of the work to fracture. In this approach, the 
work to fracture representing the mechanical aspect was 
combined with the Gibbs adsorption isotherm covering 
the chemical aspect. Compared to previous models, the 
present one provides a more generalized but also simpler 
and quantitative insight into chemomechanical effects on 
intergranular cracking. The model demonstrates that in 
extreme cases separation of lattice planes or separation 
of two crystals with a common interface occurs without 
applied external forces. Closed solutions for the work of 
fracture are derived for brittle fracture and surface 
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segregation of solutes in the limit of a mean field 
approach. The results obtained for the nickel system 
are shown in Fig. 4. This interdisciplinary modeling 
effort combines material physics, solid mechanics, and 
mechanical metallurgy.

Fig. 4 (a) A quantitative example of surface energy and grain 
boundary energy changes in nickel (solid lines) as a function of 
hydrogen fugacity (lower abscissa) or corresponding hydrogen 
pressure (upper abscissa). The changes are due to hydrogen 
occupying the interfaces with increasing hydrogen fugacity (right 
ordinate, dashed lines). (b) Hydrogen-induced changes of the ideal 
work to fracture. It is interesting to note that cracks separating 
(111)-interfaces of Ni can form without external forces, if hydrogen 
pressures exceed 0.1 GPa.

Electrochemical Energy Conversion
Electro-chemo-mechanical phenomena in 
electrochemistry
Electro-chemo-mechanics (ECM) is an inherently 
interdisciplinary approach, linking electrical, chemical, 
and mechanical aspects of materials to understand and 
tailor properties for enhanced efficiency and durability. 
Electrode and electrolyte properties impacted by the 
interplay of these elements include ionic conductivity, 
surface reaction kinetics, and chemical expansion-
induced mechanical failure; therefore, ECM is a theme 
cross-cutting several projects of the electrochemical 
energy conversion division. In FY 2015, Professors 
Perry and Bishop, and PI Tuller have been combining 
their experimental electroceramic approaches with 
computational simulations and with low-dimensional 
carbon chemistry in an extended interdisciplinary 
approach to establish fundamental ECM relationships in 
fuel/electrolysis cell electrodes, as described below: 
i) Mechano-electrical: To better understand the electrical 
properties of novel low dimensional carbon materials, as 
candidate membrane for low temperature fuel cells, Perry, 
Tuller, and Bishop have applied ceramics characterization 
approaches (ac-impedance spectroscopy, blocking 
electrode techniques) to graphene oxide (GO) paper 
synthesized by Professor Lyth’s group (ACS Applied 
Materials and Interfaces, 8(18), 11466-11475). This 
work targets obtaining excellent gas barrier properties 
in systems that can be fabricated in ultra-thin form to 
minimize resistance. The collaboration demonstrated 
for the first time the fraction of the conductivity that 
is protonic vs. electronic under different operating 
conditions. The humidity dependence of the electronic 
conductivity is attributed to a chemo-mechanical effect 
where water intercalation between GO layers pushes 
them further apart and obstructs the electronic pathway. 
This understanding is important for evaluating GO’s 
potential as an electrolyte, related to the short-term 
milestone “Fundamentals of nanoconfined and surface 
proton conductivity mechanism in nanomaterials” for 
Project 2 in the division’s roadmap. 
ii) Chemo-mechanical: Perry, Tuller, and Bishop carried 
out a comprehensive assessment of perovskite chemical 
expansion, which revealed significant differences with 
respect to fluorite-structured oxide behavior through the 
use of new empirical and computational atomistic 
models (collaboration with D. Marrocchelli, MIT) 
describing lattice distortions accompanying oxygen loss 
and the effective size of oxygen vacancies (Phys. Chem. 
Chem. Phys., 17, 10028-10039, 2015) (Fig. 5). Chemical 
expansion, the lattice dilation accompanying small 
chemical changes, leads to device mechanical failure 
and must be minimized. Building on the prior 
experimental investigations of particular factors 

(a)

(b)
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impacting chemical expansion in perovskites, this 
understanding directly corresponds to the division 
milestone “Factors impacting chemical expansion in 
perovskites identified and understood” (Project 1) and 
relies on collaboration between experiment and 
computation, and is important for future design of more 
durable solid oxide fuel/electrolysis cell electrodes with 
lower chemical expansion. 

Fig. 5 Simulated distortions around an oxygen vacancy (black 
cube) in perovskite SrTiO3, related to understanding chemical 
expansion in this structure, taken from (Phys. Chem. Chem. Phys., 
17, 10028-10039, 2015).

iii) Electro-chemical: We developed an iterative 
experimental – computational approach in the search for 
“missing” materials within the earth-abundant Zn-Ti-O 
ternary phase space, leading to the discovery of a new, 
conductive, highly robust pseudobrookite phase (Dalton 
Transactions, 45, 1572-1581, 2016). Such design of 
earth-abundant, robust, electrically conductive oxides 
may serve in future electrodes for low temperature PEM 
fuel cells. This work is a collaboration with V. Stevanovic 
(Colorado School of Mines / National Renewable Energy 
Laboratory), L.Y. Lim (Stanford University) and T.O. 
Mason (Northwestern University). The properties of 
this new phase may be promising for use as a low cost, 
low temperature electrode (Dalton Transactions, 45, 
1572-1581, 2016). This work denotes progress against 
the mid-term milestone “Pt-free electrode: Negligible 
degradation, improved efficiency (<5% H2O2)” to 
address the stability challenge posed by carbon-based 
electrodes for polymer cells in “Project 1 Electrodes.”
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Additive-Controlled Electrodeposited Ni 
and NiFe Films for High-Activity Oxygen 
Evolution Reaction Catalysts
(Electrochemistry and thin film deposition technology)
As the energy demand continues to grow and natural 
energy resources continue to decrease, clean renewable 
energy sources (wind, solar) and efficient energy-storage 
systems are needed. One of the biggest challenges is how 
to store renewable energy into energy-rich molecules. 
H2, with its high mass specific energy density, has been 
considered to be a promising energy storage molecule 
that releases energy in fuel cells with water as the only 
by-product. The electrochemical splitting of water using 
electricity from renewable sources is an attractive way 
to produce carbon-free H2. Thus, water electrolysis 
is dealt with in multiple milestones in the division 
roadmap. However, the efficiency of the overall reaction 
is limited primarily by the stability and the overpotential 
of the oxygen evolution reaction (OER) at the anode. 
The work of Gewirth has focused on obtaining stability 
and reasonable activity at high current density with 
nonprecious catalysts. He has developed a Pt-free anode 
synthesized by electrodeposition, a technique commonly 
used in thin film deposition but that had not been 
previously applied to the preparation of electrocatalysts. 
It should be mentioned that water electrolysis is the 
subject of multiple milestones in “Project 3-1 Polymer 
electrolyte cells” and more directly in “Project 3-3 Energy 
storage”, i.e., short-term milestone “Water electrolysis: 
High efficiency >80% (HHV)” and long-term milestone  
“Pressurized, highly stable water electrolysis at 1.4 V” in 
Project 3-1 and the milestones “Reversible PEFC/PEEC 
operation at 120-150°C, roundtrip efficiency~50%” 
(short-term) and “Ditto>60%” (mid-term) of Project 3-3. 
However, the efficiency of the overall reaction is limited 
primarily by the stability and the overpotential of the 
oxygen evolution reaction (OER) at the anode. OER is 
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additionally difficult with non-precious-metal catalysts 
set as the short-term milestone “Pt-free electrode: 
Elucidation of roles of C, N, Fe in active site” in Project 
1: Electrodes. Stability and reasonable activity at high 
current density with nonprecious catalysts remain a 
challenge. What PI Gewirth has chosen for this challenge 
is the electrodeposition to prepare the Pt-free anode. 
His recent results demonstrate that by simple 
electrodeposition method of Ni, Co, and NiFe in the 
presence of 3,5-diamino-1,2,4-triazole (DAT), fractal-
like structures with nearly arbitrary large surface area 
can be fabricated. This method produces robust and 
highly efficient OER catalysts exhibiting at least 72 
hour stability even in extremely harsh OER conditions 
(high pH, high potential, and vigorous gas evolution), 
in contrast to the poor stability of nanoparticle or 
precipitated-based catalysts. 
NiFe electrodeposited by this additive-controlled 
electrodeposition exhibits very high OER activity with 
j = 100 mA/cm2, i.e. mass activity ~1200 A/g of catalyst 
at η = 300 mV (1.53 V vs RHE) in 1 M NaOH, which 
is among the most active OER electrocatalysts in an 
alkaline electrolyte reported to date. Moreover, we can 
tune this current density to nearly any arbitrary value 
by altering the amount of NiFe electrodeposited, without 
any evidence of material or activity degradation due to 
the metallic nature of the initial deposit. 
This additive-controlled electrodeposition method can 
be used to fabricate fractal-like nanoscale structure of 
almost all metals for several applications (not only water 
splitting). For example, fractal-like Cu can be used as a 
high activity, high selectivity catalyst for CO2 reduction 
reaction. Cu and Ag fractal structures could also be 
applied to improve the enhancement factor of surface 
enhanced Raman scattering (SERS), and thus prove 
useful in the development of SERS spectroscopy, SERS-
based biosensors, or plasmon-based analytical devices.

Fig. 6 (a) CV of Ni, Ni-DAT and NiFe-DAT in 1M NaOH solution; 
(b) Stability test of NiFe-DAT catalyst at 100 mA/cm2 for 72 hours; 
inset shows SEM image of NiFe-DAT fi lm.
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Thermal Science and Engineering
Spatial Control of Heterogeneous Nucleation 
using Focused Ion Beam Milling
(Supramolecular chemistry, material science, and 
thermal science)
One of the key targets of the Thermal Science and 
Engineering division is to provide a clear understanding 
of how wettability affects liquid-to-vapor phase change 
(Division Project : HMT-1, Phase change heat transfer). 
To help achieve this aim, we conducted an experimental 
study to develop submicron-scale bi-philic surfaces with 
nanoscale bi-philicity. To develop the bi-philic surfaces, 
samples coated with hydrophobic self-assembled 
monolayers (SAMs) were irradiated using a focused ion 
beam (FIB) to create arrays of hydrophilic spots. The 
surface of the irradiated regions became more hydrophilic 
with increased FIB ion dosage. Submicron scale biphilic 
surfaces were developed with ≈110 nm diameter 
hydrophilic dots. The wettability difference was 
confirmed by condensation and evaporation experiments 
of pure water, where condensed droplets with ~300 nm 
diameters nucleated preferentially on the hydrophilic 
dots (Fig. 7) whereas pinned droplets remained on the 
hydrophilic dots after evaporation, respectively. These 
results improve our understanding of the basic science 
of heat and mass transfer to develop more efficient 
thermal systems and offer a surface design platform to 
rationally engineer the spatial location of nucleation 
sites. (Division Project HMT-1, short-term milestone 
“clear understanding of wettability effects in liquid-
vapor phase change.”)

Fig. 7 (left) SEM image of spatial control of condensation 
nucleation of water droplets on a bi-philic (hydrophobic background, 
hydrophilic dots) surface fabricated by SAM deposition and FIB 
irradiation. (right images) Macroscopic characterization of the 
advancing contact angle on the hydrophilic and hydrophobic areas.
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Fundamental Studies of Hydrocarbon 
Adsorption on Solid Interfaces
(Chemistry, electrochemistry, materials science, 
electrical engineering, physics, and mechanical 
engineering)
Professor Miljkovic’s research group at Illinois and 
PI Takata’s research laboratory at Kyushu have been 
collaborating on a very fundamental and interdisciplinary 
problem related to the effects of surface alteration 
(wettability) due to hydrocarbon adsorption from the 
atmosphere. Better fundamental understanding of this 
process has the potential to fundamentally alter the 
field of interfacial science, which has importance to 
both the Thermal Science and Engineering division, 
in addition to the Catalytic Materials Transformations 
and Electrochemical Energy Conversion divisions of 
I2CNER. We aim to identify what governs the kinetics of 
adsorption, what molecules are adsorbing, and what is 
the surface coverage and effect on wettability. 
We have been studying the surface chemistry of clean 
metallic and semiconducting solid interfaces as they are 
exposed to laboratory air and allowed to contaminate 
with hydrocarbons in the atmosphere. To quantify 
the process, we have been using time resolved X-Ray 
Photoelectron Spectroscopy (XPS) and Time of Flight 
Secondary Ion Mass Spectroscopy (TOF-SIMS). We 
are currently studying the interface using Low Energy 
Ion Scattering in order to characterize the chemistry 
of the first surface adsorbed layer, which has not been 
done before. The fundamental understanding elucidated 
from this work helps achieve the long-term milestone of 
understanding phase change heat transfer from the nano 
to macro scales (HMT-1).
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Hydrogen Storage
Borohydrides for energy storage
(Synthetic chemistry, crystallography, spectroscopy, 
hydrogen storage and electrochemistry)
De-/Re-hydrogenation reactions of metal borohydrides 
M(BH4)n with a high gravimetric hydrogen density of 10 
mass% require the diffusion of constituent elements, 
especially for the cation Mn+. Investigation of the 
diffusion behavior of Mn+ is of great importance for 
understanding the kinetics and the exploration of new 
solid ionic conductors. For the first time, we have 
successfully synthesized the bimetallic dodecaborate, 
LiNaB12H12 containing no crystal water. LiNaB12H12 

exhibits a lower phase transition temperature, smaller 
hysteresis, and significantly higher ionic conductivity 
than its monometallic counterparts, i.e., Li2B12H12 and 
Na2B12H12. The ionic conductivity of LiNaB12H12 reaches 
a value of 0.79 S/cm at 550 K, which is approximately 8 
times higher than that of Na2B12H12 and 11 times higher 
than that of Li2B12H12. These interesting results 
demonstrate our strategy of employing bimetallic 
dodecaborates to be effective in improving the ionic 
conductivity. This work is related to Project 2 in our 
division’s roadmap. Fundamental understanding of 
intermediates is essential to achieve the division’s 
targets. At least, the mid-term milestone for hydrogen 
storage capacity over 10 wt% has been reached and we 
now focus on how to reduce the hydrogen release 
temperature.

Fig. 8 Ionic conductivity measurements for LiNaB12H12, Na2B12H12, 
and Li2B12H12 as a function of temperature.
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Development of new Mg-based hydrogen 
storage materials by binding-energy 
engineering
(Computational science, materials science and 
metallurgy)
The main drawback of Mg-based hydrides for 
mobile hydrogen storage applications is their high 
thermodynamic stability and high dehydrogenation 
temperature. We established the concept of binding-
energy engineering to design new Mg-based phases 
which can desorb hydrogen at ambient temperatures. 
First-principles binding energy calculations were 
employed to design the materials. Since the elements in 
most of the designed materials were thermodynamically 
immiscible, the HPT method was used for atomic-scale 
mixing of the elements. 
New phases with the bcc, hcp and fcc crystal structures 
could be synthesized in the immiscible Mg-Zr system, 
which exhibited reversible hydrogen storage at room 
temperature. They absorbed ~1 wt. % of hydrogen in 
~20 s and fully desorbed the hydrogen in the air. A new 
Mg4NiPd phase with the B2-type structure was also 
designed which exhibited 0.6 wt. % reversible hydrogen 
storage at room temperature.
Although the amount of reversible hydrogen storage is 
still low in these materials, the current study introduces 
a new approach to produce new materials with low-
temperature hydrogen storage capability. This study 
constitutes significant progress toward the short-term 
milestone of “HPT-processed Mg alloys for on board 
application” in Project 3 in the division’s roadmap. 

Fig. 9 Formation of new phases in immiscible Mg-Zr system with 
fast hydrogen storage capability at room temperature.
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Catalytic Materials Transformations
Improved purification, crystallization and 
crystallographic study of Hyd-2-type [NiFe]-
hydrogenase from Citrobacter sp. S-77
(Microbiology, biochemistry, and structural biology)
The [NiFe]-hydrogenase isolated from Citrobacter 
sp. S-77 (HYD2-s77) has been reported to be type 
2 hydrogenase.  Type 2 [NiFe]-hydrogenases have 
been reported to be sensitive to O2, but biochemical 
electrochemical studies indicate that the type 2 
HYD2-s77 has high oxygen stability and a 637-fold 
higher mass activity than Pt at 50 mV in a hydrogen half-
cell. Crystallization and preliminary X-ray diffraction 
analysis indicate that this new enzyme exhibits potential 
tolerance to O2. Since no structural information on the 
type 2 [NiFe]-hydrogenases has yet been reported, 
complete identification of the crystal structure of 
HYD2-s77 will provide a more detailed structural 
comparison with the other types of [NiFe]-hydrogenases 
and structural evidence for its high specific activity and 
possible O2 tolerance.  
The results of this work along with those from our 
previous biochemical studies published in Angew. Chem. 
Int. Ed in 2014, constitute significant progress toward 
realizing the mid-term milestone “practical H2-catalyst 
and crystal structure of hydrogenase” for hydrogen 
activation of Project 1 in the division’s roadmap. This 
interdisciplinary work was conducted in collaboration 
with the University of Hyogo.

Fig. 10 Crystals of the hydrogenase unit of the [NiFe] hydrogenase 
from Citrobacter sp. S-77. (a) A crystal obtained from the protein 
sample with trypsin treatment, (b) Crystals obtained from the 
protein sample without trypsin treatment (the scale bar is 0.05 mm 
in length).
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Catalytic Materials 
Transformations in collaboration 
with CO2 Capture and Utilization
Active Cu nanoparticle catalysts for the one-
step electrosynthesis of ethylene and ethanol 
from CO2 in an alkaline electrolyzer
(Materials chemistry, electrochemistry, analytical 
chemistry, and chemical engineering)
In this collaborative project with the Yamauchi Group 
in the Catalytic Materials Transformations Division, we 
combined the expertise of Prof. Yamauchi (chemistry) 
in synthesizing and characterizing active metal 
nanoparticle catalysts and the expertise of Prof. Kenis 
(chemical engineering) in optimizing the process for 
the electrochemical conversion of CO2. Specifically, 
the Yamauchi group synthesized and characterized 
active Cu nanoparticles with different morphologies. 
The Kenis group formulated these catalysts into ink 
and deposited the catalysts on gas diffusion electrodes, 
which are further assembled in an electrochemical flow 
reactor to measure the activity of the catalysts. We found 
that the use of catalysts with large surface roughness 
results in a combined Faradaic efficiency of 46% for 
the electroreduction of CO2 to ethylene and ethanol in 
combination with current densities of ~200 mA cm-2, a 
10-fold increase in performance achieved at much lower 
overpotential (only < 0.7 V) compared to prior work. 
This study shows that the efficient conversion of CO2 to 
C2 hydrocarbons is possible, which is one step further to 
accelerate the transition to a low-carbon society. This is 
a new effort related to our division’s efforts to develop 
“catalysts for efficient CO2 conversion (here to C2 

products) and to produce other chemicals (e.g., alcohols, 
hydrocarbons). In addition, this work reports that more 
than 100 mV less overpotential is required to produce 
ethylene and ethanol compared to values reported in the 
literature, which will lead to significant improvements in 
energy efficiency for this process. We do not have target 
numbers for Faradaic efficiency and current density at this 
stage because we do not yet have an economic analysis 
for these products. We expect that further developing 
bimetallic Cu-based catalysts will help with achieving 
high Faradaic efficiencies for ethylene and ethanol. 
In addition to improving the catalyst performance, 
Yamauchi and Kenis in collaboration with the EAD 
will also determine what performance will be needed 
for economic viability. The work targets the short-term 
milestone “Catalysts for efficient CO2 conversion” in the 
division’s Project 2: “Electrochemical conversion.”

Fig. 11 Partial current density for CO, ethylene, and ethanol as 
a function of cathode potential when using Cu nanoparticles as 
the catalyst in an electrolyzer operated with 1M KOH as the 
electrolyte.
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CO2 Capture and Utilization in 
collaboration with Electrochemical 
Energy Conversion
Alkaline anion exchange membranes based 
on KOH-treated multilayer graphene oxide
(Engineering, materials chemistry, gas permeability vs. 
ion conductivity)
Mixed ionic-electronic conductors have been studied 
for application in many electrochemical systems such 
as fuel cells, chemical sensors, and membranes for gas 
separation. Graphene oxide (GO) with ions is considered 
as low dimensional ionomer and electro-conductive 
material and has the potential for a mixed ionic-electric 
conducting membrane for fuel cells. 
We have developed novel ion exchange membranes 
via cation exchange of pure graphene oxide (GO) 
dispersions, followed by simple vacuum filtration. 
The maximum conductivity was 6.1 mS/cm at 70°C, 
approaching that of commercially available anion 
conducting membranes with OH- confirmed as the 
dominant charge carrier. A demonstration with an 
alkaline fuel cell utilizing a GOKOH membrane has 
been done. The initial open circuit voltage (OCV) was 
0.94V, and the maximum power density was ~1 mW/
cm2. Importantly, hydrogen gas permeation through the 
membranes was several orders of magnitude below that 
of conventional polymers. The current accomplishment 
is an original and important proof-of-concept for the 
application of pure graphene-oxide based ion exchange 
membranes with high gas barriers in electrochemical 
devices. The work targets the “New polymer electrolytes: 
10-2 S/cm at 0-120°C (RH=30%)” and “Fundamentals 
of nanoconfined and surface proton conductivity 
mechanism in nanomaterials” short-term milestones 
of the Electrochemical Energy Conversion division’s 
Project 2: “Electrolytes.”

Fig. 12 (a) Schematic representation of the KOH treated graphene 
oxide sheet, (b) Hydrogen permeability of the pristine and KOH 
treated GO membranes, (c) Schematic representation of the KOH 
treated membrane possessing conductivity with OH- as a dominant 
carrier and few orders higher gas barrier compared to conventional 
membranes.
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CO2 Storage
Continuous and accurate monitoring of 
injected CO2

(Earthquake science (seismology) and exploration 
geophysics)
In carbon capture and storage (CCS), the monitoring 
of injected CO2 is crucial for (i) predicting the risk of 
CO2 leakage from storage reservoirs, (ii) increasing the 
effi ciency of CO2 injection and reducing the cost, and (iii) 
reducing the risk of injection-induced seismicity. As a 
monitoring method, time-lapse seismic surveys have been 
used to determine the spatial distribution of injected CO2. 
In the conventional seismic monitoring method, however, 
the interval of the time-lapse surveys is usually long due to 
their high cost, and it is diffi cult to continuously monitor the 
injected CO2. Obviously, continuous monitoring of dynamic 
CO2 behavior is critical for detecting accidental incidents 
associated with CO2 injection (e.g., leakage). 
We developed a novel monitoring method for injected CO2 
using a continuous and controlled seismic source (Fig. 13a). 
The continuous source system was originally developed for 
earthquake or volcano monitoring. To apply this system for 
injected CO2 monitoring, we employed a higher frequency 
range as a source signal. We further improved the temporal 
resolution and accuracy of the monitoring by using surface 
waves. Our monitoring system is cost-effective, with 
high temporal resolution and high accuracy, compared to 
conventional monitoring. Our fi eld experiments show that 
hourly-variation of surface-wave velocity can be monitored 
with better than 1% accuracy (Fig. 13b). This temporal 
stability allows the possibility to detect changes in seismic 
velocities associated with CO2 leakage through the fault 
zone. The present monitoring technique is used in the 
ongoing Aquistore CCS project in Canada, which is managed 
by SaskPower and the Petroleum Technology Research 
Centre (PTRC), and is the world’s fi rst commercial-scale, 
post-combustion carbon sequestration project at a coal-
fi red power plant. This effort directly addresses the short-
term milestone “Develop effective monitoring system” 
in the division’s roadmap for Project 3 (Field-scale CO2 
investigation [http://i2cner.kyushu-u.ac.jp/upload_fi le/
editor_fi les/team8/8_CO2Storage.pdf]).

Fig. 13 (a) Continuous seismic monitoring of injected CO2 and 
detection of leaked CO2. The upper photo shows the monitoring 
device, which generates a continuous and repeatable source 
signal. (b) Hourly-variation of the surface-wave velocity (upper) 
and relative velocity (middle). Lower panel shows the frequency 
dependence of the surface waves on depth. Seismic velocity at 
higher frequency indicates the velocity at shallower formation. 
This monitoring system is currently deployed in an ongoing CCS 
project at a coal-fi red power plant in Saskatchewan, Canada.
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On the relationship between CO2 saturation 
and seismic velocity
(Hydrology and geophysics)
Time-lapse seismic surveys are suitable for monitoring 
CO2 distributions within reservoirs, but it is difficult 
to quantify the amount of subsurface CO2 (i.e., CO2 
saturation) from this seismic data (i.e., through the 
measured seismic velocity). To estimate CO2 saturation 
from the measured seismic velocity, the relationship 
between CO2 saturation and seismic velocity must be 
determined. This relationship is difficult to be quantified 
because the response of the seismic velocity to CO2 
saturation is not unique, and is also influenced by the 
CO2 distribution in the pore spaces of rock. Therefore, 
quantitative monitoring requires knowledge of hydrology 
(CO2 behavior or hydrologic properties) tightly coupled 
with geophysics (elastic properties). 
This study evaluated the influence of CO2 within rock 
pores on the relationship between seismic velocity 
and CO2 saturation (Fig. 14a). We conducted two 
computational studies with different injection pressures, 
using (i) a two-phase lattice Boltzmann method for CO2 

injection simulation (i.e., hydrologic simulation) and 
(ii) wave propagation simulation with a finite difference 
approach for the evaluation of seismic velocity (i.e., 
elastic simulation). The change of capillary number 
associated with various injection pressures affected the 
CO2 displacement patterns (Fig. 14b). Viscous fingering 
was typical at high capillary numbers, whereas both 
viscous and capillary fingering were observed at low 
capillary numbers. These differences in CO2 behavior 
can influence the seismic velocity. We identified a 
difference in the relationship between seismic velocity 
and CO2 saturation in a few cases; i.e., lower seismic 
velocity was observed in the high capillary number 
case compared to a low capillary number case with 
exactly the same saturation (Fig. 14a). It was found that 
the difference in the elastic velocity response to CO2 

saturation is controlled by CO2 distribution features. The 
capillary numbers vary with distance from the injection 
well (Fig. 14b), with low capillary numbers expected 
far from the injection well and high numbers near the 
well. This study demonstrates that the capillary number 
at each reservoir location (e.g., distance from injection 
well) should be considered to accurately estimate CO2 

saturation from measured seismic velocity derived from 
monitoring data. 
This effort directly addresses the mid-term milestone 
“Laboratory and theoretical studies for quantitative 
monitoring” in Project 3 in the division’s roadmap 
(Field-scale CO2 investigation).

Fig. 14 (a) Relationship between seismic (P-wave) velocity and 
CO2 saturation at various capillary numbers Ca calculated by lattice 
Boltzmann fl uid fl ow simulations and dynamic wave propagation 
simulations. (b) Injected CO2 behavior at different reservoir fl ow 
conditions (capillary number). For accurate geophysical (seismic) 
monitoring, the relationship between seismic velocity and CO2 

saturation should be accounted for.
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Energy Analysis
Green House Gas (GHG) analysis of low 
carbon fuel import
(Catalytic materials, reaction systems, life-cycle 
assessment)
One important consideration for the reduction of carbon 
emissions in Japan is to import carbon-neutral energy 
sources from outside Japan. There is a possibility of 
importing low carbon fuel based on renewable energy 
from abroad, where renewable energy sources are 
more abundant or carbon capture and storage (CCS) 
is more feasible, consistent with the conditions of the 
locations’ natural environments. This approach would 
result in an overall reduction in carbon emissions, 
not merely shift the emissions to another location. In 
addition to the availability of renewable energies or the 
feasibility of CCS, it is important to examine types of 
fuel sources as useful energy carriers. This requires an 
analysis of the feasibility and applicability of the entire 
production/supply chain and use of low-carbon emission 
energy carriers. As a part of the feasibility study, we 
investigated (GHG) emissions carrying out the life-cycle 
assessment (LCA) of three different energy sources and 
import pathways: (i) glycolic acid produced using wind 
power in west Australia and transported by oil tanker; 
(ii) Bio diesel fuel (BDF) produced from Jatropha 
plantations in Indonesia and transported by oil tanker; 
and (iii) liquefied hydrogen produced from brown coal 
by gasification in conjunction with CCS in east Australia 
and transported by tanker.
The first technology uses the carbon neutral cycle (CN 
cycle) being developed in I2CNER, whereby oxalic acid 
is converted into glycolic acid by electricity. The second 
technology utilizes Jatropha plants. This technology 
was selected for assessment of the feasibility of biofuel 
import based on a literature survey that looked into bio 

fuel crops that are raised in marginal soil with high 
yield, but which are not suitable for edible crops. The 
third technology is being developed by Kawasaki Heavy 
Industries, Ltd. We carry out the analyses based on data 
from Kawasaki, which are part of the open literature. 
We chose one kWh electricity generation as a functional 
unit for comparison among an original fuel cell using 
oxalic acid for the first power generation technology, 
a diesel engine for the second, and an SOFC for the 
third. Although the complete set of the relevant energy 
pathways is not yet available, we carried out the GHG 
analyses based on currently available data of the relevant 
components in each pathway. For wind power generation 
and Jatropha plantations, we used typical values from the 
LCA literature. We also conducted sensitivity analyses 
assuming levels of technology development for the key 
parts in each of the pathways.

The results which are summarized in Fig. 15 show 
that all three pathways emit less than 50% of the level 
currently emitted by the power grid (579g-CO2 /kWh in 
FY2014). The wind power - glycolic acid (CN cycle) 
pathway can be improved by increasing the efficiency of 
the production of glycolic acid by a polymer electrolyte 
alcohol electrosynthesis cell (PEAEC). However, a 
relatively large amount of CO2 emissions still occurs 
upon transportation to Japan by regular tankers due to 
the relatively low energy density of glycolic acid and 
the use of diesel engines in the tankers. For the Jatropha 
plants – BDF pathway, energy inputs to produce Jatropha 
and BDF constitute a large emission source. Lastly, 
large CO2 emissions due to the low energy density of the 
energy carrier also occurs for the brown coal – liquefied 
hydrogen pathway. These emissions can be substantially 
reduced by using the boil off hydrogen loss from the 
containment tanks as fuel to run the tanker. We are 
currently investigating the cost of the three pathways.

Fig. 15 GHG emissions in the three pathways of low carbon fuel import (g-CO2/kWh). The average GHG emissions from power grid 
electricity in FY 2014 was 579g-CO2/kWh.
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Regional technoeconomic model for hydrogen 
from renewable energy
(Systems engineering and financial economics)
Use of hydrogen energy storage technology to smooth 
out the output fluctuations of renewable energy power 
generation is viewed as an effective means to optimize 
the utilization of Japan’s high-potential renewable 
energy sources. We developed a relevant regional 
techno-economic model (Fig. 16) in collaboration with 
HyGrid (an industry research group instituted in 2012 
and focused on utilization of renewable energy and 
hydrogen. I2CNER is a founding member of HyGrid). 
Wind power's detailed power generation data were 
used to conduct economic analyses addressing selling 
electricity and producing hydrogen simultaneously. 
The hydrogen is intended to power fuel cell vehicles 
and be used for cogeneration systems in a given region. 
The model considered two options: one placing priority 
on selling electricity and the other placing priority on 
producing hydrogen. These results were compared to 
a model which considered simply selling electricity 

generated from wind power to the grid. 
The results of economic evaluation using net present 
value (NPV) and internal rate of return (IRR) show the 
significant influence of the hydrogen-related facility 
costs (Fig. 17). The revenue stream from electricity sales 
decreases substantially due to the impact of the hydrogen 
facility costs (CAPEX: capital expenditure). However, 
in times of low electricity prices, the value of the 
hydrogen and thus the value of the hydrogen production 
facility are positive. Since the returns on the internal rate 
of return from hydrogen production are lower than the 
direct electric grid option with no hydrogen production 
capability, improvements of durability of hydrogen 
production and storage are necessary to make them truly 
competitive.
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Fig. 17 Net present value (NPV) and internal rate of return (IRR) of sensitivity analyses of the 
three models.  The term CAPEX denotes capital expenditure.

Fig. 16 Schematic model for regional hydrogen supply and utilization
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I2CNER’s Competitive Funding Initiative 
on Applied Math for Energy
Every year, I2CNER allocates resources to seed new 
interdisciplinary research projects that will lead to the 
creation of new interdisciplinary research and possibly, 
new interdisciplinary research domains. In FY 2015, in 
an effort to foster new relationships within Kyushu 
University, I2CNER targeted the “Competitive Funding” 
initiative to support researchers in the area of the 
application of mathematics to solving fundamental 
science problems underlying old and new energy 
technologies. This work can address relevant aspects of 
I2CNER’s research objectives as stated in the I2CNER 
division roadmaps or other important energy problems. 
In addition, our effort goal is to bring together 
mathematics and physical, economic, and social sciences 
to address energy problems that involve, but are not 
limited to risk, uncertainty, cost, and security.  The 
FY2015 competitive fund call for proposals was open to 
all faculty of Kyushu University, provided that they 
proposed a project which was relevant to the stated 
objectives of I2CNER’s Applied Math Initiative. The 
Institute received several proposals in response to the 
call, including joint proposals between I2CNER-KU 
faculty and a few by KU faculty outside of I2CNER. 
After rigorous screening by the Internal Programs 
Review Committee (IPRC), 5 applications were selected 
as “seed projects,” the idea being to foster close, ongoing 
collaboration between I2CNER and other KU units, in 
particular, the Institute of Mathematics for Industry 
(IMI). 

Fig. 1 Hub genes and the plant size by operating the hub genes of 
the project “statistical analysis of global gene expression data and 
applications to plaut growth.” 

The applications that were awarded are:
i) Prof. Shunsuke Managi, “Global energy economy 
modeling: welfare analysis considering environment, ” 
Department of Urban and Environmental Engineering.
ii) Prof. Junichi Murata, “Design of Demand Response 
Programs Using Inverse Optimization,” Department of 
Electrical Engineering. 
iii) Prof. Takeshi Tsuji, in collaboration with PI 
Christensen, University of Notre Dame, “Characterization 
of heterogeneous rock pore structure using persistent 
homology: Insight into scale dependence of hydrological 
and elastic properties,” I2CNER.
iv) Prof. Dimetre Triadis, “Anomalous diffusion in 
realistic pore-scale simulations of two-phase flow for 
geologic CO2 sequestration,” IMI, Australia Branch, 
Trobe University.
v) Prof. Ryuei Nishii, “Statistical analysis of global gene 
expression data and applications to plant growth,” IMI. 

In order to ensure solid progress in each project, I2CNER 
will follow-up in FY 2016, including progress reports 
and a review by the IPRC.

Fig. 2 Calculation of persistent homology for four types of rocks in 
the project “Characterization of heterogeneous rock pore structure 
using persistent homology: Insight into scale dependence of 
hydrological and elastic properties.”
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Computational Solutions to Fundamental 
Problems in Carbon-Neutral Energy Research

I2CNER Annual Symposium 2016 
"Computational Solutions to Fundamental 
Problems in Carbon-Neutral Energy 
Research" February 1-2, 2016
“The I2CNER Annual Symposium 2016: Computational 
Solutions to Fundamental Problems in Carbon-Neutral 
Energy Research” was held on February 1-2, 2016 on 
Kyushu University’s Ito Campus, and was attended by 
more than 250 scientists. The scope and vision of the 
symposium were to i) bring together experts from the 
computational and experimental community, and ii) discuss 
and converge upon the needed advances in computation that 
are critical to enabling technological advances in energy 
topics relevant to the mission of I2CNER. The symposium 
focused on 5 cross-cutting subthemes: “Molecule/Surface 
Interactions,” “Transport of Ions Through Solids and High 
Temperature Modeling,” “Molecule/Molecule Interactions 
– Charge Transfer and Chemical Reaction Dynamics,” 
“Pore-scale Flow Processes,” and “Linking of Atomistic to 
Continuum Scales.” During this 2-day symposium, a total 
of 18 top-caliber researchers from the computational and 
experimental community made short presentations that set 
the tone for a discussion on needed advances for state-of-
art, multiscale computational approaches. The key questions 

addressed in those presentations were what breakthroughs 
are needed to achieve orders of magnitude improvements 
in performance. Following a series of presentations from 
experts, focused break-out group discussions were held on 
the 2nd day of the symposium. Attendees broke into small 
working groups and discussed/debated issues related with 
each respective subtheme in an effort to identify: i) What are 
the computational efforts that will accelerate fundamental 
understanding and development (technology impact); and 
ii) What are the experimental efforts required to validate/ 
inform the computational/modeling efforts? Each subtheme 
group was responsible for writing a report on the outcomes 
of their discussion. The subtheme reports were compiled into 
a “Basic Needs” report on computation in I2CNER, which 
will be used to guide future initiatives/investments related 
to computation and how it can inform I2CNER’s existing 
research themes. 
Among the many distinguished participants in the symposium 
were Prof. Edward Seidel, Director of the National Center for 
Supercomputing Applications (NCSA) at the University of 
Illinois at Urbana Champaign, and Prof. Toyoki Kunitake, 
WPI Visiting Professor. On the evening of February 1, 
a special dinner lecture entitled “Trends in Scientifi c 
Computing and Data” was given by Prof. Seidel.

1) Dr. Ukawa gives opening remarks
2) Prof. Kunitake engages in discussion
3) Group photo of participants
4) Symposium organizers, Profs. Staykov and 

Ertekin (from left) greet the audience
5) Dr. Seidel raises a question

1

2
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Research Center for Next Generation Refrigerant Properties (NEXT-RP)

As part of the efforts to reduce the use of ozone depleting 
substances, including specified CFCs and HCFCs, 
CFC alternatives, such as HFC refrigerants, have been 
produced. However, CFC alternatives have high global 
warming potential (GWP), which has led to concerns 
about their potential impact upon climate change. Some 
next-generation refrigerant mixtures, which are suitable 
for small scale air-conditioning equipment, have been 
suggested, but a decisive next-generation refrigerant 
has not been identified. In the future, identification of 
an optimized refrigerant will be essential not only for 
the development of refrigeration and air-conditioning 
industries, but also for the resolution of global 
environmental problems. In order to tackle these problems 
and develop breakthrough technologies, I2CNER has added a new research center named “Research Center for Next 
Generation Refrigerant Properties (NEXT-RP)” in its organization, which was launched as of April 1, 2016.
In this center, researchers from I2CNER’s Thermal Science and Engineering Division play a central role in organizing 
participating research institutes from inside and outside Japan, and conducting infrastructure research. NEXT-RP's 
infrastructure research includes the accurate evaluation of thermophysical properties, and fundamental performance 
of heat exchange and ACR cycles for zero-ozone depletion potential (ODP)/low-global warming potential (GWP) 
refrigerants. Through its targeted research objectives, NEXT-RP aims to contribute to building a low-carbon society 
through its future energy-saving technology for vehicles and houses.

Research Center for Next Generation 
Refrigerant Properties (NEXT-RP)

 
Network of Collaborations and Organizational Structure 
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I2CNER’s Network of International 
Collaborations

Partnerships in International Research and 
Education (PIRE)

The PIRE program, 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 UIUC 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 FY2015 for a total of 5 years. In 
addition, this is the first PIRE award ever awarded to 
Kyushu University. The project brings together 
researchers from Illinois, Kyushu, Northwestern 
University, Imperial College London, and the 
University of California at Berkeley. This project is a 
demonstrable example of the synergistic capabilities 
of the KU-UIUC partnership. With the help of the 
National Center for Supercomputing Applications 

(NCSA) at UIUC, the PIRE project may be the first in 
the world in which computations will be carried out 
using the petascale computing facilities at the 
University of Illinois concurrently with the experiments 
being carried out on KU’s state of the art equipment at 
I2CNER, all in an interactive mode. The PIRE Kick-off 
Meeting took place at UIUC on December 7, 2015, in 
which Japanese and American researchers planned the 
research directions for the initial year of the project. In 
FY2015, the framework for the 2-month PIRE 
exchange program, “x-FU(s)ION,” which enables 
American undergraduate students to travel to Kyushu 
to do research, was established and the first 6 students 
visited Kyushu June 1-July 31, 2016.

Fig. 1: This map includes the home institutions of I2CNER’s foreign WPI Faculty as well as those institutions with 
which I2CNER has academic agreements.
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Air Resources Board of the State of California 
(CARB)

In October 2015, I2CNER received from CARB a 
report assessing the Institute’s potential for impacting 
technology. After having reviewed the report, 
I2CNER’s Division Lead PIs have worked with the 
Energy Analysis Division to compile the Institute’s 
official report. In February 2016, Director Sofronis 
visited CARB to explore the possibility of initiating 
closer interactions in the areas of structural materials 
for refueling stations and catalysis in energy systems. 
During his visit, Director Sofronis gave 2 technical 
presentations, 1 each on the aforementioned topics 
before technical associates of the agency, and 1 
general presentation on I2CNER. In addition, Director 
Sofronis met with Mr. Richard Corey, the Executive 
Officer of CARB, and Ms. Catherine Dunwoody, the 
Chief of the Fuel Cells Program of the Agency. I2CNER 
and CARB agreed during the visit that CARB will 
continue reviewing our roadmaps and explore further 
interactions on materials reliability and life prediction, 
and fuel cells and implementation of hydrogen 
infrastructure technology. Finally, preliminary 
plans are in place to hold an annual I2CNER/CARB 
workshop to enrich our future collaborations.

Interactions with the US Department of 
Energy (DOE)
• In FY2015, Dr. Somerday, the Division Lead PI of the 

Hydrogen Materials Compatibility Division, led several 
research projects at Sandia National Laboratories that 
require interaction with Technology Development 
Managers (TDMs) at the US Department of Energy 
(DOE) Fuel Cell Technologies Offi ce.  In this capacity, 
Dr. Somerday was responsible for establishing and 
managing expectations for project objectives, milestones, 
and work progress through direct communication with 
the TDMs.  Fundamental science that is relevant to a 
number of these projects is carried out at I2CNER. At the 
end of FY2015, Dr. Somerday accepted a new position at 
the Southwest Research Institute (SwRI) in San Antonio, 
TX. He will continue leading the Hydrogen Materials 
Compatibility Division from his new post. 

• Director Sofronis is in communication with the Fuel Cells 
Technology Offi ce and exchanges information about 
mutual interests, which includes visits to Washington, 
D.C. and serving as a reviewer for the Department of 
Energy in the Annual Merit Review and Peer Evaluation 
Meetings.  

• On June 23, 2015, I2CNER hosted Dr. Erika Sutherland 
(Technology Manager at DOE) and Dr. Amgad 

Elgowainy (Argonne National Laboratory) at Kyushu 
University. Dr. Sutherland visited I2CNER to explore 
mutual interests between DOE and I2CNER and the 
hydrogen testing capabilities that are available at 
Kyushu University/I2CNER. Dr. Elgowainy shared his 
experiences with conducting research that is intended 
to directly infl uence governmental policy. In addition 
to giving presentations, Drs. Sutherland and Elgowainy 
participated in meetings with I2CNER researchers 
and were given tours of various Kyushu laboratories, 
including I2CNER’s.

National Fuel Cell Research Center (NFCRC)
NFCRC of the University of California at Irvine 
and I2CNER collaborate on challenges related to 
implementation of SOFCs operating in low and high 
pressure applications at both a systems and catalytic 
materials level. In particular, a research collaboration 
on cathode and SOFCs/SOECs using proton conducting 
oxides is under consideration. In order to strengthen 
the collaborative framework between I2CNER and 
NFCRC, Prof. Jack Brouwer, the Associate Director 
of NFCRC, was appointed as a WPI Visiting Professor 
in FY 2015.

ECOSTORE
I2CNER holds a four year consortium agreement 
with the ECOSTORE project, which is based in the 
European Union. The aim of the project is to unite 
senior and junior scientists from within and outside of 
Europe around the goal of promoting education about 
hydrogen storage. International exchange of young 
researchers is also a priority of the ECOSTORE. 
I2CNER PI Etsuo Akiba (Hydrogen Storage Division 
Lead Principal Investigator) serves as an Associated 
Partner on the project. In conjunction with the 2-day 
ECOSTORE workshop that was hosted at KU in March 
2015, I2CNER hosted master course student Sascha 
Dietzel, Helmholtz-Zentrum Geesthacht, Germany 
from February-September 2015. In addition, Dr. Le 
Thi Thu, Helmholtz-Zentrum Geesthacht, Germany 
visited I2CNER from August 20 to September 20, 2015 
for her second round of training under the supervision 
of Prof. Etsuo Akiba.
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Helmholtz Institute Forschungszentrum Juelich

I2CNER’s interactions with the Helmholtz Institute 
Forschungszentrum Juelich in Germany were initiated 
in FY 2015. An initial visit to I2CNER/Kyushu 
University by a delegation led by Prof. Harald Bolt, a 
renowned researcher and senior member of the Board 
of Directors of Helmholtz, took place on July 13, 
2015. The Juelich visitors spent a full day at I2CNER, 
taking extensive lab/facility tours, meeting with KU 
Executive Vice President (EVP) Wakayama, and video-
conferencing with Director Sofronis. Subsequently, 
I2CNER sent a delegation led by Director Sofronis to 
Juelich on September 17-18, 2015. During the visit, the 
I2CNER team gave presentations at a mini-workshop, 
and discussed a MoU and plans for pursuing joint 
funding for graduate student and post-doc exchanges. 
Since these visits, I2CNER and the Helmholtz Institute 
have produced a document that describes potential 
thematic research areas for future collaboration, which 
include proton conducting ceramic materials (PCCM) 
and membranes, oxygen transport membranes, low 
temperature solid oxide fuel cells and electrolyzers, 
solid-state batteries, materials for future heat 
exchangers, and characterization of point defect 
chemistry and dynamics in non-stoichiometric oxides.

University of Oxford
The I2CNER Director serves on the Strategic 
Advisory Panel of the Hydrogen in Metals—From the 
Fundamentals to the Design of New Steels (HEmS) at 
the University of Oxford.

University of New South Wales (UNSW)
I2CNER’s interactions with the University of New 
South Wales in Australia were initiated in FY2015, as 
mediated by I2CNER’s connection with the Australian 
Consul in Fukuoka, Mr. Tom Yates. A UNSW 
delegation, which included the Pro-Vice Chancellor, 
Fiona Docherty; the Director of International 
Development, Chris McKenna; the Director of Studies 

of the Institute of Languages, Adele Pitkeathly; the 
Australian Consul-General and Trade Commissioner, 
Tom Yates; and the Australian Consulate-General 
Business Development Manager, Fumihito Matsumoto 
visited I2CNER on June 24, 2015. An additional 
Australian delegation visited I2CNER on August 
7, 2015, including the Chairman of WHTC 2015, 
Dr. Attilio Pigneri; the Toyota Motor Corporation 
Australia Limited Manager of Government and 
Affairs and Advanced Planning Manager, Andrew 
Willis and Mario Filipovic, respectively; the Consul-
General and Trade Commissioner, Tom Yates; and the 
Australian Consulate General Business Development 
Manager, Hirohisa Kato. I2CNER was also visited by 
the Parliamentary Secretary to the Premier for Western 
Sydney, Ray Williams, and the Commissioner- 
Japan in charge of Trade and Investment for New 
South Wales, Geoff Walker, on October 6, 2015. As 
part of the Institute’s greater efforts to expand its 
productive collaborations on all continents, I2CNER 
PIs Hiroshige Matsumoto, Electrochemical Energy 
Conversion Division, and Etsuo Akiba, Hydrogen 
Storage Division, represented I2CNER at the World 
Hydrogen Technologies Convention 2015 (WHTC 
2015) October 11-14 in Sydney, Australia, including 
giving presentations on their I2CNER work. Prof. 
Akiba also visited UNSW to discuss possible terms for 
a MOU during the same trip. In addition, 2 UNSW 
researchers, Profs. Francois Kondo Aguey-Zinsou 
and Youn Ng gave presentations at the joint I2CNER/ 
UNSW International Workshop at Kyushu University 
on February 4, 2016. The agreement for research 
collaboration and engagement between Kyushu 
University and UNSW will be signed in May 2016. 
To advance and seal these collaborations, Director 
Sofronis and EVP Wakayama plan to visit UNSW in 
FY2016.

JFE Steel Corporation
I2CNER is collaborating with JFE on fundamental 
science problems that are related with hydrogen effects 
on the mechanical behavior of materials. Dr. Akihide 
Nagao of JFE is a WPI Visiting Scholar of I2CNER in 
the Hydrogen Materials Compatibility Division. The 
visit to JFE by Director Sofronis in November 2015 
further strengthened this collaboration.

Group picture of I2CNER delegation and hosts at Juelich
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I2CNER’s Prestigious International Visitors

Name Affiliation

Sang-Young Lee Associate Professor, Ulsan National Institute of Science and Technology (UNIST), Korea

Zhiqun Lin Professor, Georgia Institute of Technology, USA

Valeriy S. Maisotsenko Professor Emeritus, Chief Scientist and Founder, Coolerado Corp and Idalex Technologies Inc., USA 

Esko Kauppinen Professor, Department of Applied Physics, Aalto University, Finland 

Xing Zhang Professor, Department of Engineering Mechanics, Tsinghua University, China

Andrew Gewirth Professor, Department of Chemistry, University of Illinois, USA

Kenneth Christensen Professor, College of Engineering, University of Notre Dame, USA

Brian Somerday Principal Engineer, Southwest Research Institute, USA 

Harry L. Tuller Professor, Department of Materials Science and Engineering, Massachusetts Institute of Technology, USA

Unggul Priyanto Chairman, Agency for Assessment and Application of Technology (BPPT), Indonesia

Eniya Listiani Dewi Deputy Chairperson, Technology for Agroindustrial and Biotechnology, BPPT, Indonesia

Olivier Guillon
Professor and Director, Institute of Energy and Climate Research, Forschungszentrum Juelich GmbH, 
Germany

John A. Kilner Professor, Department of Materials, Imperial College, London, UK 

Bruno Ameduri Research Director, The National Center for Scientific Research, France

Harold Drake Professor, Department of Ecological Microbiology, University of Bayreuth, Germany

Françoise Winnik Professor, Department of  Chemistry, University of Montreal, Canada

Leslie Mabon Lecturer in Sociology, Robert Gordon University, Scotland

Marc Robert Professor, Chemistry Department, University Paris Diderot, France

Gwidon Stachowiak Professor, School of Civil and Mechanical Engineering, Curtin University, Australia

Michael Celia Professor, Department of Civil and Environmental Engineering, Princeton University, USA
Christodoulos 

Chatzichristodoulou
Senior Scientist, Department of Energy Conversion and Storage, Technical University of Denmark, 
Denmark

Anil Virkar Distinguished Professor, Department of Materials Science and Engineering, University of Utah, USA

Reiner Kirchheim Professor, Institut für Materialphysik, University of Göttingen, Germany

Ian Robertson Professor and Dean of Engineering, University of Wisconsin-Madison, USA

Jörg Neugebauer Director, Max-Planck-Institut für Eisenforschung GmbH, Düsseldorf, Germany

Edward Seidel
Director, The National Center for Supercomputing Applications,
Founder Professor, Department of Physics,
Professor, Department of Astronomy, University of Illinois, USA

Luca De Gioia Professor, Department of Biotechnology and Bioscience, University of Milan Bicocca, Italy

John Keith
Assistant Professor, R.K. Melon Faculty Fellow, Department of Chemical and Petroleum Engineering, 
University of Pittsburgh, USA

Géraldine Theiler Scientist, BAM (Federal Institute for Materials Research and Testing), Germany

Bilge Yildiz
Associate Professor, Department of Nuclear Science and Engineering, Department of Materials Science 
and Engineering, Massachusetts Institute of Technology, USA

Christopher San Marchi Distinguished Member of Technical Staff, Sandia National Laboratories, USA

Xiaojia Wang Assistant Professor, Department of Mechanical Engineering, University of Minnesota, USA
Kondo-François 
Aguey-Zinsou Associate Professor, School of Chemical Engineering, University of New South Wales, Australia

Ali Elkamel Professor, Department of Chemical Engineering, University of Waterloo, Canada

Keumnam Cho Professor, School of Mechanical Engineering, Sungkyunkwan University, Korea

Gerard Marriott Professor, Department of Bioengineering, University of California, Berkley, USA
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Name Award Awarding organization
Toyoki Kunitake The Kyoto Prize Inamori Foundation
Zenji Horita Medal of Honor with Purple Ribbon Government of Japan
Shigenori Fujikawa The Nanotechnology Prize Institute of Systems, Information 

Technologies and Nanotechnologies
Takeshi Tsuji Ozawa Yoshiaki Award The Geological Society of Japan
Yasunori Kikuchi The SCEJ Award for Outstanding Young 

Researchers
The Society of Chemical Engineers, Japan

Shigeru Koyama IIR Science and Technology Medal International Institute of Refrigeration
Harry L. Tuller President International Society of Solid State 

Ionics
Shintaro Ida The Chemical Conversion of Light 

Energy Prize 2015, Presto on Chemical 
Conversion of Light Energy

Japan Science and Technology Agency

John A. Kilner The John E. Dorn Memorial Lecture Department of Materials Science and 
Engineering, Northwestern University

Kaveh Edalati, Akito 
Yamamoto, Zenji Horita, 
and Tatsumi Ishihara

Most Cited Papers of Scripta Materialia, 
2010-2015, “High-pressure torsion 
of pure magnesium: Evolution of 
mechanical properties, microstructures 
and hydrogen storage capacity with 
equivalent strain,” Scripta Materialia, 
64(9), 880-883, 2011.

Elsevier

Hajime Nakanotani Achievement Award Japan OLED Forum
Benny Freeman ACS 2015 PMSE Distinguished Service 

Award
American Chemical Society’s Division 
of Polymer Materials: Science and 
Engineering

Yuji Higaki Award for Encouragement of Research 
in the 25th Annual Meeting of MRS-J

The Material Research Society of Japan

Tomohiro Hirai Encouragement Award Ths Adhesion Society of Japan
Kenji Higashida Scientifi c Achievement Merit Prize The Iron and Steel Institute of Japan
Xing Zhang Best Paper Award of ASME Micro/

Nanoscale Heat & Mass Transfer 
International Conference 2016

American Society of Mechanical 
Engineers

Selected Awards

1

1) From left, Director Sofronis, Prof. Kunitake, and EVP Wakayama, The 2015 Kyoto Prize
2) Prof. Horita, winner of the Medal of Honor with Purple Ribbon, delivers a speech at the celebration
3) Prof. Fujikawa receiving the Nanotechnology Prize from the Inst. of Systems, Information and Technologies and Nanotechnologies 

2 3
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Science Café at Fukuoka
May 15 & July 3, 2015
Prof. Masamichi Nishihara (Electrochemical Energy 
Conversion Division) and Prof. Takeshi Tsuji (CO2 

Storage Division) gave lectures at the 29th and 30th 

Science Cafés at Fukuoka. At the 29th Science Café, Prof. 
Nishihara discussed a possible reason why hydrogen 
energy is attracting attention as a new energy resource 
and the challenges for creating a hydrogen energy 
society. In addition, he pointed out that the development 
of infrastructure is essential for the widespread use of 
fuel cell vehicles. At the 30th Science Café, Prof. Tsuji 
explained the mechanism that causes earthquakes to 
occur and demonstrated a method for capturing images 
of the earth’s surface with satellites by showing movies 
that were created using the SHINKAI 6500, a Manned 
Research Submersible. He also introduced the current 
state of research and challenges of CCS (Carbon dioxide 
Capture and Storage). After both lectures, the participants 
engaged in a lively question and answer session with the 
lecturers.

The 11th Japan-France Workshop on Nanomaterials,
The 2nd WPI-Workshop on Materials Science
May 27-29, 2015
From May 27-29, 2015, the 11th Japan-France Workshop 
on Nanomaterials and the 2nd WPI-Workshop on 
Materials Science were held in Rennes, France. The 
Japan-France Workshop on Nanomaterials was started 
in 2000, and is intended to encourage collaborative 
research and researcher exchange between Japan and 
France in the area of nanomaterials. The WPI Workshop 
on Materials Science was started in 2013 as a joint 
event between the 4 WPI institutes that are involved in 
materials science. This year, Director Sofronis, Prof. 
Fujikawa (CO2  Capture and Utilization Division), and 
Prof. Yamauchi (Catalytic Materials Transformations 
Division) attended the workshops and presented their 
latest research. Director Sofronis also gave a general 
presentation on I2CNER.

1) Prof. Nishihara discusses challenges related to a hydrogen 
energy society

2) Prof. Tsuji explains the challenges related with CCS

1) Group photo of participants from the 4 WPI Institutes
2) A workshop participant looks at the I2CNER poster

1

2

1

2

Outreach Activities
Outreach Events
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Super Science High Schools (SSH) Student 
Workshop
August 5-6, 2015
9 WPI Institutes, including I2CNER, ran booths at the 
“Super Science High Schools (SSH) Student Workshop,” 
which was held at the INTEX Osaka on August 5 and 
6. The event is intended to foster students’ interest in 
science and technology and promote the SSH project. 
I2CNER, along with the Advanced Institute for Materials 
Research (AIMR), and the International Center for 
Materials Nanoarchitectnics (MANA), ran a booth to 
introduce our research. 6 WPI researchers, including 
Dr. Helena Téllez (Electrochemical Energy Conversion 
Division), gave lectures at “Researchers Mini Live.” 
More than 30 high school students and teachers attended 
Dr. Téllez’s lecture, in which she described her research 
and her career path from high school to the present-
day. 25 overseas high schools and nearly 100 students 
presented their research at the event, making this SSH 
Student workshop the most international one to date.

1) Dr. Téllez talks to students at Reserchers Mini Live
2) Students learn about WPI at the booths

1) Prof. Akiba delivers his lecture
2) A captive audience listens to the welcome speech by Dr. 

Attilio Pigneri

2

The 6th World Hydrogen Technologies 
Convention (WHTC) October 12-14, 2015
From October 12-14, 2015, the 6th World Hydrogen 
Technologies Convention (WHTC) was held in Sydney, 
Australia. WHTC is a bi-annual conference held in odd 
numbered years which focuses on science and technology of 
hydrogen. Its “sister” conference, the World Hydrogen Energy 
Conference (WHEC), which focuses on hydrogen energy 
in general, is held in even numbered years. 4 researchers 
from I2CNER, including Profs. Etsuo Akiba (Lead Principal 
Investigator, Hydrogen Storage Division), Hiroshige 
Matsumoto (Lead Principal Investigator, Electrochemical 
Energy Conversion Division), Kenshi Itaoka (Acting Division 
Leader, Energy Analysis Division), and Dr. Benjamin Cunning 
(Hydrogen Storage Division) attended the conference and 
gave lectures about their latest research developments. The 
I2CNER booth showcased each of the 9 divisions’ latest 
achievements, and participants were invited to ask questions 
about the Institute’s international and interdisciplinary research 
environment. It was an excellent opportunity for I2CNER to 
increase its overall international visibility.

1 1

2
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2016 AAAS Annual Meeting
February 11-15, 2016
The Ministry of Education, Culture, Sports, Science, and 
Technology (MEXT) of the government of Japan and the 
9 WPI Institutes, including I2CNER, represented WPI at 
the 2016 American Association for the Advancement of 
Science (AAAS) Annual Meeting held in Washington 
D.C., USA on February 11-15, 2016. AAAS is the 
world’s largest general scientific society and is the 
publisher of the journal “Science.” The theme for this 
year’s meeting was “Global Science Engagement.” 
World-leading scientists, engineers, educators, and 
policy makers participated in scientific discussions and 
presented their research activities. On February 13-14, 
a family-oriented event called “Family Science Days” 
was also hosted, during which families could participate 
in various science fairs. The WPI Institutes and MEXT 
co-hosted the WPI booth.

1) Visitors study the I2CNER poster
2) The venue of 2016 AAAS Anual Meeting

1

2
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Selected Press Releases

Date Description

September 28, 2015
• Identification of the static backstop and its influence on the evolution of the accretionary 

prism in the Nankai Trough
Prof. Takeshi Tsuji (CO2 Storage Division)

October 16, 2015
• Purely organic electroluminescent material realizing 100% conversion from electricity to 

light
Prof. Chihaya Adachi (Molecular Photoconversion Devices Division)

October 27, 2015
• New Catalyst Set to Make Hydrogen Power Affordable

Prof. Seiji Ogo (Catalytic Materials Transformations Division)

November 20, 2015
• A highly durable fuel cell electrocatalyst based on doublepolymer-coated carbon nanotubes

Prof. Naotoshi Nakashima (Electrochemical Energy Conversion Division)

December 11, 2015
• Facile Isolation of Adsorbent-Free Long and Highly-Pure Chirality-Selected Semiconducting 

Single-Walled Carbon Nanotubes Using a Hydrogen-bonding Supramolecular Polymer
Prof. Naotoshi Nakashima (Electrochemical Energy Conversion Division)

December 25, 2015
• Development of surface-wave monitoring system for leaked CO2 using a continuous and 

controlled seismic source
Prof. Takeshi Tsuji (CO2 Storage Division)

February 25, 2016
• Artificial control of exciplexes opens possibilities for new electronics

Prof. Chihaya Adachi (Molecular Photoconversion Devices Division)

March 1, 2016
• Lifetime breakthrough promising for low-cost and efficient OLED displays and lights

Prof. Chihaya Adachi (Molecular Photoconversion Devices Division)

March 9, 2016
• Innovative catalyst fabrication method may yield breakthrough in fuel cell development

Prof. Naotoshi Nakashima (Electrochemical Energy Conversion Division)

Press Releases & Media Coverage

Prof. Ogo explains his research outcome to the press Prof. Fujigaya, et al. developed a new method for creating highly 
effi cient gold nanoparticle catalysts for fuel cells



74 I2CNER Annual Report 2015

Outreach Activities

Selected Media Coverage

Date Type media
(e.g., newspaper, television) Description

April 7, 2015 Nihon Keizai Shimbun • Interview about usage of hydrogen
Prof. Etsuo Akiba (Hydrogen Storage Division)

April 2015
Nikkei Sangyo Shimbun, 
Nikkan Kogyo Shimbun, 
etc.

• Development of hydrogen permeation system of 100 MPa 
hydrogen gas pressure-The highest gas pressure in the world
Dr. Akihide Nagao (Hydrogen Materials Compatibility Division)

June 9, 2015
Nikkei Sangyo Shimbun • An innovator in Japan. Advanced technology. Development of 

organic EL novel material.
Prof. Chihaya Adachi (Molecular Photoconversion Devices Division)

June 23, 2015
Nishinippon Shimbun • Kyoto Prize

Prof. Toyoki Kunitake (CO2 Capture and Utilization Division)

July 29, 2015 Nihon Keizai Shimbun • Increasing the efficiency of electric power generation of fuel cells
Prof. Kazunari Sasaki (Electrochemical Energy Conversion Division)

October 1, 2015

Sankei Shimbun,
Nihon Keizai Shimbun,
Science Portal, 
excite news, 
zakzak, 
Sankei News

• Found new geological formation controlling earthquake off the 
Kii Peninsula
Prof. Takeshi Tsuji (CO2 Storage Division)

October 20, 2015 Nikkei Sangyo Shimbun • Organic Electroluminescence, Cheap But Brilliant Light
Prof. Chihaya Adachi (Molecular Photoconversion Devices Division)

November 2, 2015

Nishinippon Shimbun,
Asahi Shimbun,
Yomiuri Shimbun,
Nihon Keizai Shimbun

• Medal with Purple Ribbon
Prof. Zenji Horita (Hydrogen Storage Division)

November 4, 2015 Nikkei Sangyo Simbun,
Asahi Shimbun

• Enzyme for both sides of fuel cells 
Prof. Seiji Ogo (Catalytic Materials Transformations Division)

November 9, 2015
Nihon Keizai Shimbun • Breakthrough in continuous monitoring of CO2 leaks from storage sites

Prof. Takeshi Tsuji and Dr. Tatsunori Ikeda (CO2 Storage Division)

November 26, 2015
Nikkan Kogyo Shimbun • Durability enhancement of polymer electrolyte fuel cell

Prof. Naotoshi Nakashima 
(Electrochemical Energy Conversion Devices Division)

November 26, 2015 Yomiuri Shimbun • Improvement of productive technologies
Prof. Setsuo Takaki (Hydrogen Materials Compatibility Division)

December 11, 2015 Bangladesh Sangbad 
Sangstha

• Japanese Team meets DU VC
Prof. Bidyut B. Saha (Thermal Science and Engineering Division)

December 15, 2015
Nihon Keizai Shimbun • High purity separation of semiconducting carbon nanotubes

Prof. Naotoshi Nakashima 
(Electrochemical Energy Conversion Devices Division)

February 16, 2016

Nikkan Kogyo Shimbun • Kyushu University has developed the glue that can be used on 
wet surfaces and high humid environment
Profs. Atsushi Takahara and Yuji Higaki 
(Molecular Photoconversion Devices Division)
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Hello! I2CNER/Energy Outlook

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 in each issue 
the research activities of one of the Institute’s nine 
research divisions, is published three times per year. It is 
our hope that this publication helps to 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 is handling 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 it also 
provides I2CNER researchers with opportunities to 
gauge the relevance of their ongoing basic research 
projects against industry and government perspectives.

I2CNER Fuse News
Periodically, I2CNER publishes an internal newsletter, 
“I2CNER Fuse News,” which is on promoting 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 Urbana-
Champaign 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.

I2CNER 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. One issue of 
“I2CNER P.I.peline” was published in FY 2015.

Publications
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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 FY2015, 
the Institute hosted a total of 22 speakers (19 non-Japanese) in 21 I2CNER Seminars. In view of input the Director 
received from the young faculty on how to improve the accessibility of the series, the Administration implemented a 
“sign-up sheet” system in FY2015, through which any I2CNER researcher can have a meeting with visiting seminar 
speakers.

The I2CNER Seminar Series

1st I2CNER Seminar
Date: May 15, 2015
Speaker: Prof. Sang-Young Lee,
Associate Professor, School 
of Energy and Chemical 
Engineering, Ulsan National 
Institute of Science and 
Technology, Korea

Title: Nanotechnology-driven Material - Architecture 
Innovations for Forthcoming Flexible Batteries

2nd I2CNER Seminar
Date: June 5, 2015
Speaker: Prof. Zhiqun Lin,
Professor, School of Materials 
and Science and Engineering, 
Georgia Institute of Technology, 
USA

Title: Crafting Functional Nanomaterials for 
Solar Energy Conversion: From Nonlinear Block 
Copolymers to Monodisperse Nanocrystals with 
Precisely Controlled Dimensions, Compositions and 
Architectures

3rd I2CNER Seminar
Date: June 24, 2015
Speaker:
Dr. Valeriy Maisotsenko, 
Professor Emeritus, Chief 
Scientist and Founder, Coolerado 
Corp and Idalex Inc., USA

Title: Renewable Energy from Air through M-Cycle

4th I2CNER Seminar
Date: July 10, 2015
Speaker: Prof. Esko Kauppinen,
Professor, Department of 
Applied Physics, Aalto 
University, Finland

Title: Carbon Nanotube Thin Films for Touch Sensor 
and Green Energy Applications

Prof. Nakashima and his research team throw a welcome 
reception for Prof. Lee after his seminar

Prof. Lin prepares to respond to a question about his lecture
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5th I2CNER Seminar
Date: September 11, 2015
Speaker:
Dr. Monterey Gardiner, 
Liaison Manager (Hydrogen 
Technology and Homologation), 
BMW Group Japan

Title: BMW Hydrogen Technology

6th I2CNER Seminar
Date: October 6, 2015
Speaker: Dr. Unggul Priyanto, 
Chairman, Agency for 
Assessment and Application of 
Technology(BPPT), Indonesia

Title: Perspective of progress of Energy Policy in 
Indonesia

Date: October 6, 2015
Speaker: Dr. Eniya Listiani Dewi, 
Deputy Chairperson of 
Technology for Agroindustrial 
and Biotechnology,BPPT, 
Indonesia

Title: Biohydrogen Production Using Palm Oil Mill 
Effluent

An audience member poses a question to Dr. Gardiner

7th I2CNER Seminar
Date: October 9, 2015
Speaker: Prof. Olivier Guillon,
Director, Institute of Energy 
and Climate Research, (IEK-
1: Materials Synthesis and 
Processing), Forschungszentrum 
Jülich GmbH, Germany

Title: Ceramic materials and systems for energy 
applications

A seminar in I2CNER Hall attracts a full house
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14th I2CNER Seminar
Date: November 24, 2015
Speaker: 
Prof. Françoise Winnik,
Professor, Faculty of Pharmacy, 
Department of Chemistry, the 
University of Montreal, Canada

Title: Tailor-cut polymer colloids and interfaces: 
from design to applications

13th I2CNER Seminar
Date: November 16, 2015
Speaker: 
Prof. John Hernlund,
Vice Director, Earth-Life Science 
Institute, Tokyo Institute of 
Technology

Title: Memories of a Planet

12th I2CNER Seminar
Date: November 13, 2015
Speaker: Prof. Harold Drake, 
Professor, Department of 
Ecological Microbiology, 
University of Bayreuth, Germany

Title: Darwin’s Invertebrates: A Transient Microbial 
Oasis

11th I2CNER Seminar
Date: November 6, 2015
Speaker: Prof. Kenichiro Ota,
Professor, Graduate School of 
Engineering, Yokohama National 
University

Title: Green Hydrogen and Fuel Cells for Future 
Sustainable Growth

9th I2CNER Seminar
Date: October 30, 2015
Speaker: Prof. Kenichi Takai,
Department of Engineering and 
Applied Science, Faculty of 
Science and Technology, Sophia 
University

Title: Hydrogen trapping sites and hydrogen 
embrittlement of iron and steels

10th I2CNER Seminar
Date: November 5, 2015
Speaker: Dr. Bruno Ameduri,
Research Director, National 
Center of Scientific Research 
(CNRS), France

Title: Deeper insight into the MADIX Polymerization 
of Vinylidene Fluoride

8th I2CNER Seminar
Date: October 9, 2015
Speaker: Prof. Hideo Hosono,
Professor, Materials and 
Structures Laboratory, Tokyo 
Institute of Technology

Title: Electron and Hydrogen as Anions in Oxides to 
Realize Novel Functionality 

An audience member asks a question about Prof. Drake's talk



79I2CNER Annual Report 2015

Outreach Activities

15th I2CNER Seminar
Date: December 16, 2015
Speaker: Dr. Leslie Mabon,
Lecturer in Sociology, School of 
Applied Social Studies, Robert 
Gordon University, Scotland

Title: Where are we going, and how are we going to 
get there? Understanding the socio-political context 
of our future energy systems

16th I2CNER Seminar
Date: January 15, 2016
Speaker: Prof. Marc Robert,
Professor, Chemistry 
Department, University Paris 
Diderot, France

Title: Molecular catalysis of the electrochemical and 
photochemical reduction of CO2 with earth abundant 
metal complexes in aprotic solvent and in pure water

17th I2CNER Seminar
Date: January 29, 2016
Speaker: 
Prof. Gwidon Stachowiak,
Professor, Tribology Laboratory, 
School of Mechanical and Civil 
Engineering, Curtin University, 
Australia

Title: WHY WE CANNOT DO WITHOUT 
TRIBOLOGY?

18th I2CNER Seminar
Date: January 29, 2016
Speaker: Prof. Michael Celia,
Professor, Civil and 
Environmental Engineering, 
Princeton University, USA

Title: Modeling Approaches for CO2 Sequestration in 
Conventional and Unconventional Reservoirs

19th I2CNER Seminar
Date: February 19, 2016
Speaker: Prof. Ali Elkamel,
Professor, Chemical Engineering, 
University of Waterloo, Canada

Title: Optimization of Energy Usage for a Fleet-Wide 
Power Generating System Under Carbon Mitigation 
Options

20th I2CNER Seminar
Date: February 26, 2016
Speaker: Prof. Keumnam Cho,
Professor, School of Mechanical 
Engineering, Sungkyunkwan 
University, Korea

Title: Performance of heat pump system with low-
GWP refrigerants

21st I2CNER Seminar
Date: March 18, 2016
Speaker:  Prof. Gerard Marriott,
Professor of Bioengineering, 
University of California, 
Berkeley, USA

Title: Applications of optical switch probes in 
bioengineering and biomedicine

Prof. Matsumoto encourages the audience to join in the Q&A 
session



80 I2CNER Annual Report 2015

Outreach Activities

Institute Interest Seminar Series (IISS)

In order to advance interdisciplinary research collaborations amongst young researchers, the Institute regularly hosts 
the “Institute Interest Seminar Series (IISS).” A total of 29 speakers presented at 18 Institute Interest Seminars in 
FY2015. In response to input from the young faculty, the following changes have been made to the series in FY2015 
to try to improve the overall atmosphere: 
• An open invitation has been extended to non-I2CNER young faculty within KU to participate in this seminar series 

in order to expand opportunities for collaboration for our young faculty.
• Additional efforts to advertise the seminar series throughout KU in order to encourage wider participation have also 

been made, including posting a digital flyer on the I2CNER website, posting physical flyers on all notice boards in 
the I2CNER buildings, and sending email blasts to the PIs, I2CNER members, the Department of Engineering, the 
Department of Science, and the main office of Ito campus via the public relations group.

• There is no longer a time limit for the seminars. Instead, the chairperson is expected to administer the seminar in a 
way that will encourage more discussion and debate.

• Speakers are encouraged to limit jargon and overly technical presentations in order to make the series marketable 
to an audience with a wide variety of scientific backgrounds.

• A monthly lunch hour seminar will be held beginning in FY2016. The advantage of the lunch hour seminars is that 
they will allow the researchers to spend more time on the discussion portion of the seminar.

• More general research topics are to be featured, including social sciences, research ethics, etc.

70th seminar on April 9, 2015
Speaker: Dr. Kevin White, 
Molecular Photoconversion Devices 
Title: Insights into unique strengthening mechanism 
of electrostatically tethered nanoplatelets and multi-
walled carbon nanotubes in epoxy

Speaker: Dr. Tatsunori Ikeda, CO2 Storage 
Title: Advanced surface-wave analysis to detect 
localized heterogeneity in shallow geological 
formation

71st seminar on May 13, 2015
Speaker: Prof. Ikuo Taniguchi, 
CO2 Capture and Utilization 
Title: CO2 separation properties under pressurized 
condition @ Austin, TX

72nd seminar on May 21, 2015
Speaker: Dr. Wei Ma, 
Molecular Photoconversion Devices 
Title: Superamphiphobic Surfaces by Using 
Biomimetic Catechol Containing Fluorinated Polymer 
and Halloysite Clay Nanotubes

Speaker: Dr. Yuki Honda, 
Molecular Photoconversion Devices
Title: Genetically encoded fluorescent biosensors for 
citrate

73rd seminar on June 17, 2015
Speaker: Prof. Masamichi Kohno, 
Thermal Science and Engineering
Title: Nano engineering heat conduction in 
semiconductor and organic phase change materials

A question from Prof. Staykov sparks a lively discussionDirector Sofronis participates from Illinois via video conference
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74th seminar (lunch-hour seminar) on June 25, 2015
Speaker: Prof. Katsuro Hayashi, 
Faculty of Engineering, Kyushu University
Title: Aqueous and Nonaqueous Sodium- Air Cells 
with Ceramic Separator

75th seminar on July 8, 2015
Speaker: Dr. Hideaki Komiyama, 
Molecular Photoconversion Devices 
Title: Electrochemical Fabrication of Hexagonally 
Ordered Nanorod Arrays by Using Block Copolymer 
Template

Speaker: Dr. Nguyen Thi Thanh Nga, 
Catalytic Materials Transformations
Title: Exploring New Formate Dehydrogenase and Its 
Model Complex

76th seminar on July 24, 2015
Speaker: Kara Kearney, PhD student,
University of Illinois at Urbana Champaign, 
Molecular Photoconversiion Devices
Title: Simulation of Charge Transfer Mechanisms 
across Solid/Electrolyte Interface

Speaker: Sumit Verma, PhD student, 
CO2 Capture and Utilization
University of Illinois at Urbana Champaign,
Title: Electrocatalytic reduction of CO2 to value added 
chemicals and fuels

77th seminar on September 3, 2015
Speaker: Prof. Patrick Han,
Advanced Institute for Materials Research, 
Tohoku University
Title: Molecular Assembly Connects Graphene Nano-
ribbons

Speaker: Prof. Daniel Packwood,
Advanced Institute for Materials Research, 
Tohoku University
Title: Mathematical Tools for Molecular Self-
Assembly

78th seminar (lunch-hour seminar) on October 13, 2015
Speaker: Prof. Yoshihito Shiota,
Institute for Materials Chemistry and Engineering, 
Kyushu University
Title: Theoretical Study of Methane Activation at the 
Dicopper Site of pMMO

79th seminar on November 5, 2015
Speaker: Takuro Masumura, PhD student,
Graduate School of Engineering, Kyushu University
Title: Effect of Carbon and Nitrogen on Mechanical 
Stability of Metastable Austenitic Stainless Steel

Speaker: Ryosuke Komoda, PhD student,
Graduate School of Engineering, Kyushu University
Title: Fretting Fatigue Properties in Hydrogen Containing 
ppm-levels of Oxygen

Prof. Shiota delivering his lecture at a lunch-hour seminar

Mr. Verma discusses his research with Director Sofronis after 
the seminar

Dr. Nga discusses new formate dehydrogenase and its model 
complex

Ms. Kearney discusses charge transfer mechanisms across 
solid/electrolyte interfaces
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80th seminar on November 19, 2015
Speaker: Dr. Benjamin Cunning, Hydrogen Storage
Title: Chemically modified carbon materials for 
energy related applications

Speaker: Dr. Prabakaran Saravanan, 
Hydrogen Materials Compatibility 
Title: Superlubricity of (PEI/GO)n films in various 
atmospheres

81st seminar on December 2, 2015
Speaker: Dr. Limin Guo, 
Molecular Photoconversion Devices
Title: Gallium Phosphide Micro Pillars Fabrication by 
Metal-Assisted Chemical Etching

82nd seminar on December 24, 2015
Speaker: Prof. Tomomi Koshiyama,
Faculty of Sciences, Kyushu University
Title: Functionalization of Liposome with Metal 
Complexes

Speaker: Dr. Shinichi Hata, 
Catalytic Materials Transformations
Title: Electrochemical reduction of oxalic acid using 
TiO2/ZrO2 particle

83rd seminar on January 14, 2016
Speaker: Dr. Min Chen,
Centre for Materials Science and Nanotechnology 
(SMN), University of Oslo
Title: Unraveling the Space Charge Layer Effect at 
Ni/BaZr0.9Y0.1O3-δ Interfaces in Protonic Ceramic Fuel 
Cells

Speaker: Prof. Wang Hay Kan, 
China Spallation Neutron Source (CSNS), 
The China Academy of Sciences
Title: Neutron diffraction on energy materials

84th seminar (lunch-hour seminar) on January 27, 2016
Speaker: Prof. Tomoyuki Shirai,
Division of Fundamental Mathematics, 
Institute of Mathematics for Industry
Title: Topological Data Analysis –Persistent 
homology–

85th seminar on February 18, 2016
Speaker: Dr. Kim Chung Sik, 
Catalytic Materials Transformations
Title: Ru(salen)-Catalyzed Asymmetric Aerobic 
Oxidative of 2-Naphthols

Speaker: Dr. Jeong Kihun, PhD student,
Department of Engineering, Kyushu University
Title: Catalytic C-F Bond Activation Using Molecular 
Hydrogen Promoted by a Rhodium(I) Complex

86th seminar on March 9, 2016
Speaker: Dr. Sho Kitano, 
Catalytic Materials Transformations
Title: Performances of copper-tin nanoalloy catalysts 
in electrochemical CO2 reduction

Speaker: Dr. Alexandros Askounis, 
Thermal Science and Engineering
Title: Can carbon nanotubes be used in heat transfer 
applications?

87th seminar on March 23, 2016
Speaker: Prof. Junqi Sun,
State Key Laboratory of Supramolecular Structure and 
Materials, Jilin University
Title: Self Healing/Healable Polymeric Films

A lunch-hour seminar brings a refreshing change to the IISSThe informal atmosphere stimulates active discussion
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I2CNER DIRECTOR: 
Petros Sofronis

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

PRESIDENT OF KYUSHU UNIVERSITY: 
Chiharu Kubo

EXECUTIVE VICE PRESIDENT FOR RESEARCH: 
Masato Wakayama

EXTERNAL ADVISORY COMMITTEE
(EAC)*

ILLINOIS SATELLITE INSTITUTE

INTERNAL PROGRAMS REVIEW COMMITTEE 
(IPRC)

ADVISORY COMMITTEE
Ian Robertson, Andrew Gewirth, Kenneth Christensen 

ASSOCIATE 
DIRECTOR:

Tatsumi 
Ishihara

SRA**
SELECTION 

COMMITTEE

FACULTY 
RECRUITING 
COMMITTEE 

(FRC)

ASSOCIATE 
DIRECTOR:

Yasuyuki 
Takata

ADMINISTRATIVE
OFFICE

ADMINISTRATIVE
DIRECTOR:

Shunichi Masuda

EXECUTIVE ADVISOR: William Dick

SCIENCE 
STEERING

COMMITTEE 
(SSC) ***

RESEARCH DIVISIONS (Thematic Clusters)

 Molecular Photoconversion Devices  Thermal Science and Engineering  CO2 Capture and Utilization
 Hydrogen Materials Compatibility  Hydrogen Storage  CO2 Storage
 Electrochemical Energy Conversion  Catalytic Materials Transformations  Energy Analysis

Research Center 
for Next 
Generation 
Refrigerant 
Properties 
(NEXT-RP)

I2CNER reorganized its divisions in FY 2015. Specifically, 
two of its divisions (Hydrogen Production and Fuel 
Cells) were dissolved and two new divisions with more 
specific, focused targets (Molecular Photoconversion 
Devices, led by Prof. Ishihara, and Electrochemical 
Energy Conversion, led by Prof. Matsumoto) were 
created.
*External Advisory Committee (EAC)
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 membership of the EAC was 
further expanded and diversified in FY 2015. The full 
list of members as of April 1, 2016 is as follows:
• Prof. Ronald J. Adrian (Chair), Arizona State 

University, USA, National Academy of Engineering 
(NAE)

• Dr. Deborah Myers (Co-Chair), Argonne National 
Laboratory, USA

• 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)

• Dr. Kevin Ott, Retired, Los Alamos National 
Laboratory, USA

• 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

**SRA: Super Research Assistant

*** Science Steering Committee (SSC)
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 areas 
(divisions). The SSC is the body that provides advice 
and reviews all matters of the Institute, e.g. planning and 
operation of research activities, budget implementation, 
international collaborations, and outreach.

I2CNER Structure & Personnel
I2CNER Organizational Structure
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WPI Title Total Kyushu Univ. U. of Illinois Others
Principal Investigator (PI) 26 (10) 18 (2) 1 (1) 7 (7)

Professor 20 (12) 8 (0) 7 (7) 5 (5)
Associate Professor 21 (6) 19 (4) 0 2 (2)
Assistant Professor 24 (9) 22 (7) 2 (2) 0

Postdoctoral Researcher (Postdoc.) 35 (25) 32 (22) 2 (2) 1 (1)
Research Assistant (RA) 22 (15) 10 (3) 12 (12) 0

Visiting Researcher 14 (2) 14 (2) 0 0
Subtotal 162 (79) 123 (40) 24 (24) 15 (15)

Research Support Staff 49 (15) 49 (15) 0 0
Administrative Staff 21 (1) 20 (0) 1 (1) 0

Grand total 232 (95) 192 (55) 25 (25) 15 (15)
 (No. of non-Japanese researchers)

I2CNER Personnel
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Administration
Director
Prof. Petros Sofronis
Associate Directors
Prof. Tatsumi Ishihara
Prof. Yasuyuki Takata

WPI Principal Investigators
Molecular Photoconversion Devices 
Prof. Tatsumi Ishihara (Division Lead PI)
Prof. Chihaya Adachi
Prof. Atsushi Takahara
Prof. Ken Sakai

Hydrogen Materials Compatibility 
Dr. Brian Somerday, (Division Lead PI)
Southwest Research Institute, USA
Prof. Petros Sofronis
Prof. Joichi Sugimura
Prof. Setsuo Takaki
Prof. Reiner Kirchheim, 
University of Göttingen, Germany
Prof. Ian M. Robertson, 
University of Wisconsin-Madison, USA

Electrochemical Energy Conversion
Prof. Hiroshige Matsumoto (Division Lead PI)
Prof. Kazunari Sasaki
Prof. Naotoshi Nakashima
Prof. John A. Kilner, Imperial College London, UK
Prof. Harry L. Tuller, 
Massachusetts Institute of Technology, USA
Prof. Andrew A. Gewirth, 
University of Illinois at Urbana-Champaign, USA

Thermal Science and Engineering
Prof. Yasuyuki Takata (Division Lead PI)
Prof. Xing Zhang, Tsinghua University, China

Hydrogen Storage
Prof. Etsuo Akiba (Division Lead PI)
Prof. Zenji Horita

Catalytic Materials Transformations
Prof. Seiji Ogo (Division Lead PI)
Assoc. Prof. Miho Yamauchi

CO2 Capture and Utilization
Assoc. Prof. Shigenori Fujikawa (Division Lead PI)

CO2 Storage
Assoc. Prof. Takeshi Tsuji (Division Lead PI)
Prof. Kenneth Christensen, 
University of Notre Dame, USA

Full-time Faculty & Postdoctoral Associates
Molecular Photoconversion Devices
Assoc. Prof. Aleksandar Staykov
Asst. Prof. Motonori Watanabe
Dr.Yuki Honda
Dr. Hideaki Komiyama
Dr. Patcharida Chouwatat

Hydrogen Materials Compatibility 
Prof. Masanobu Kubota
Asst. Prof. Junko Matsuda
Dr. Prabakaran Saravanan
Dr. Vlad Bogdan Niste
Dr. Arnaud Macadre

Electrochemical Energy Conversion 
Assoc. Prof. Stephen Lyth
Asst. Prof. Helena Téllez-Lozano
Asst. Prof. John Druce
Asst. Prof. Nicola Perry
Dr. Kwati Leonard
Dr. Yuki Terayama
Dr. Bretislav Smid

Thermal Science and Engineering
Prof. Bidyut B. Saha
Asst. Prof. Sivasankaran Harish
Dr. Daniel Orejon
Dr. Biao Shen

Hydrogen Storage
Asst. Prof. Huaiyu Shao
Asst. Prof. Kaveh Edalati
Dr. Huai-jun Lin 

Catalytic Materials Transformations
Assoc. Prof. Ki-Seok Yoon
Asst. Prof. Masaaki Sadakiyo
Dr. Nguyen Thi Thanh Nga
Dr. Sho Kitano
Dr. Shinichi Hata

CO2 Capture and Utilization
Assoc. Prof. Ikuo Taniguchi
Dr. Roman Selyanchyn

CO2 Storage 
Asst. Prof. Keigo Kitamura
Dr. Tatsunori Ikeda
Dr. Singh Shiwani
Dr. Jihui Jia

Energy Analysis 
Prof. Kenshi Itaoka (Acting Division Leader)
Dr. Nugroho Agung Pambudi
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Satellite Faculty & Full-Time Researchers
Molecular Photoconversion Devices
Prof. Angus Rockett
Prof. Xiuling Li
Asst. Prof. Elif Ertekin

Hydrogen Materials Compatibility 
Dr. Mohsen Dadfarnia

Thermal Science and Engineering
Prof. David G. Cahill
Asst. Prof. Nenad Miljkovic

Catalytic Materials Transformations
Prof. Thomas B. Rauchfuss

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

CO2 Storage
Prof. Albert Valocchi
Dr. Yu Chen

Energy Analysis
Prof. James Stubbins

WPI Visiting Professors & Scholars
Hydrogen Materials Compatibility 
Prof. Nikolaos Aravas, 
University of Thessaly, Greece 
Prof. Robert O. Ritchie, 
University of California, Berkeley, USA
Dr. Chao-Nan Xu, National Institute of Advanced 
Industrial Science and Technology (AIST), Japan
Dr. Akihide Nagao, JFE Steel Corporation, Japan
Prof. Kanao Fukuda, Malaysia-Japan International 
Institute of Technology, Universiti Teknologi Malaysia, 
Malaysia

Electrochemical Energy Conversion 
Assoc. Prof. Jennifer L.M. Rupp, 
Swiss Federal Institute of Technology Zurich.(ETH 
Zurich), Switzerland
Assoc. Prof. Sean R. Bishop, 
Massachusetts Institute of Technology, USA

Thermal Science and Engineering
Prof. Kellil Sefiane, University of Edinburgh

Hydrogen Storage 
Prof. Ping Chen, 
Dalian Institute of Chemical Physics, China

CO2 Capture and Utilization
Prof. Katsuki Kusakabe, Sojo University, Japan
Dr. Toyoki Kunitake, Kitakyushu Foundation for the 
Advancement of Industry Science and Technology, Japan
Prof. Benny Freeman, 
University of Texas, Austin, USA

Energy Analysis
Prof. Kuniaki Honda
Prof. Atsushi Kurosawa, 
Institute of Applied Energy, Japan
Prof. Yasumasa Fujii, the University of Tokyo, Japan
Dr. Yasunori Kikuchi, the University of Tokyo, Japan
Dr. Seiichiro Kimura, The Matsushita Institute of 
Government and Management, Japan
Dr. Katsuhiko Hirose, Toyota Motor Corporation
Assoc. Prof. Jack Brouwer, Mechanical and Aerospace 
Engineering, Henry Samueli School of Engineering, 
University of California, Irvine, USA
Dr. Makoto Akai,
National Institute of Advanced Industrial Science and 
Technology, Japan
Prof. Ken Okazaki, 
Tokyo Institute of Technology, Japan

Part-time Faculty & Postdoctoral Associates
Molecular Photoconversion Devices
Prof. Kazunari Yoshizawa
Prof. Keiji Tanaka
Assoc. Prof. Shintaro Ida
Assoc. Prof. Hajime Nakanotani
Assoc. Prof. Ken Kojio
Assoc. Prof. Atsuomi Shundo
Asst. Prof. Hidehisa Hagiwara
Asst. Prof. Kenichi Goushi
Asst. Prof. Tomoyasu Hirai
Asst. Prof. Yuji Higaki
Asst. Prof. Kosei Yamauchi
Dr. Kuan-Ting Wu
Dr. Il-Chan Jang
Dr. Yuchi Fan
Dr. Henning Schraknepper

Hydrogen Materials Compatibility
Prof. Yoshinori Sawae
Assoc. Prof. Kazuyuki Yagi
Assoc. Prof. Hisao Matsunaga
Assoc. Prof. Tetsuo Yamaguchi
Assoc. Prof. Toshihiro Tsuchiyama
Asst. Prof. Hiroyoshi Tanaka
Asst. Prof. Takehiro Morita
Dr. Junichiro Yamabe
Dr. Daichi Akama



87I2CNER Annual Report 2015

I2CNER Structure & Personnel

Electrochemical Energy Conversion
Prof. Kohei Ito
Assoc. Prof. Tsuyohiko Fujigaya
Asst. Prof. George Harrington
Asst. Prof. Tomohiro Shiraki
Dr. Masamichi Nishihara
Dr. Thomas Bayer
Dr. Yuki Hamasaki

Thermal Science and Engineering
Prof. Koji Takahashi
Prof. Shigeru Koyama
Assoc. Prof. Masamichi Kohno
Assoc. Prof. Takahiko Miyazaki
Asst. Prof. Naoya Sakoda
Asst. Prof. Takashi Nishiyama
Dr. Alexandros Askounis
Dr. Ibrahim Ibrahim Ali Elsharkawy
Dr. Jribi Skander

Hydrogen Storage
Assoc. Prof. Hai-Wen Li

Catalytic Materials Transformations
Assoc. Prof. Tatsuya Uchida
Assoc. Prof. Takahiro Matsumoto
Asst. Prof. Takeshi Yatabe

CO2 Capture and Utilization
Dr. Yaofa Li

CO2 Storage
Assoc. Prof. Masahiko Nakamura
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Finances

WPI Grant Millions of USD

FY 2010 4.5
FY 2011 13.3
FY 2012* 18.2
FY 2013 13.3
FY 2014 13.1
FY 2015 12.7

Research Grants

FY2010 7.2
**MEXT allocation funds, ***KU competitive funds, Donations 0.6
Government and Industry 6.6

FY2011 16.4
**MEXT allocation funds, ***KU competitive funds, Donations 1.5
Government and Industry 14.9

FY2012 31.6
**MEXT allocation funds, ***KU competitive funds, Donations 4.8
Government and Industry 26.8

FY2013 28.8
**MEXT allocation funds, ***KU competitive funds, Donations 2.8
Government and Industry 26.0

FY2014 28.8
**MEXT allocation funds, ***KU competitive funds, Donations 1.8
Government and Industry 27.0

FY2015 22.9
**MEXT allocation funds, ***KU competitive funds, Donations 1.7
Government and Industry 21.2

1USD = 100JPY
* WPI Grant of FY2012 includes the supplementary budget worth 5 million USD.
** MEXT is an acronym for Ministry of Education, Culture, Sports, Science and Technology
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FY2016 Events Schedule

Date Events

May 2-4, 2016 E-MRS (Lille, France)

August 6, 2016 Kyushu University Open Campus (Fukuoka, Japan)

August 10-11, 2016 Super Science High Schools (SSH) Student Workshop (Kobe, Japan)

August 25-26, 2016 Innovation Japan 2016 (Tokyo, Japan)

August 26, 2016 Science Café at Fukuoka (Fukuoka, Japan)

September 3-6, 2016 Pacific Rim Meeting on Electrochemical and Solid-State Science (Honolulu, USA)

September 11-14, 2016 2016 International Hydrogen Conference (Wyoming, USA)

October 7, 2016 NEXT-RP Kick-off Symposium (Fukuoka, Japan)

November 18-20, 2016 The 7th Asia-Pacific Innovation Conference (Fukuoka, Japan)

December 17, 2016 WPI 10th Anniversary Symposium (Tokyo, Japan)

February 1, 2017 I2CNER Annual Symposium 2017 (Fukuoka, Japan)

February 3, 2017 I2CNER International Workshops (Fukuoka, Japan)

February 16-20, 2017 AAAS Annual Meeting (Boston, USA)

FY2016 Events Schedule

Director Sofronis delivering his lecture at the E-MRS 2016 
Spring Meeting

Prof. Watanabe talks to students at Kyushu University Open 
Campus
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Notes




