About I²CNER
I²CNER ʼs mission is to contribute to the advancement of low-carbon emission and cost-eﬀective energy systems and
improvement of energy eﬃciency. The array of technologies that I²CNERʼs 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 or the
conversion of CO₂ to a useful product. Central to I²CNER ʼs mission is the establishment of an international academic
environment that fosters innovation through collaboration and interdisciplinary research (fusion).

FROM BASIC RESEARCH TO ENERGY TECHNOLOGY TO CO2 EMISSIONS REDUCTION

Sample of “Headline” Contributions to Energy:
Materials, Processes, Systems, and Socio-economic Analysis
・Developed a low cost ﬁne-grain experimental stainless steel alloy that outperforms existing austenitic steels in strength
and hydrogen compatibility
・Identiﬁed hydrogen-accelerated plasticity-mediated failure as the underlying mechanism of hydrogen-induced cracking for
components in hydrogen applications
・Fusing biochemistry with chemistry and structural biology, impacted the new ﬁeld of bio-inspired catalysts and
demonstrated thier use in practical fuel cells
・Unraveled the mechanisms of surface exchange of complex oxide surfaces for solid oxide cells
・Discovered that charge localization on reduced cations is the origin of the detrimental chemical expansion in oxides
commonly used in SOFCs
・Developed polymer wrapped electrocatalysts for fuel cells delivering high power densities for 500,000 cycles at 80℃
under humidiﬁed conditions, a dramatic advance
・Developed the most highly proton-conducting oxide for intermediate temperature steam electrolysis
・Clariﬁed the thermally activated delayed ﬂuorescence (TADF)mechanism in organic light emitting devices, resulting in
exceptionally high levels of luminosity. Using this approach, we achieved nearly 100% internal quantum eﬃciency
converting injected current into light
・Challenged fundamental mechanisms governing the physics of phase change heat transfer and answered centuries old
questions in the ﬁelds of condensation and evaporation, developing the most comprehensive fundamental understanding
of phase change heat transfer
・Developed the worldʼs ﬁrst fundamental understanding of degradation of hydrophobic coatings during condensation
・Developed free-standing polysiloxane (PoliSil)-based nanomembranes for CO₂ separation with high CO₂ solubility,
thickness less than 50nm, and permeance greater than 40,000, the worldʼs highest
・Developed a novel monitoring method for sequestered CO₂ using a continuous and controlled seismic source. This new
monitoring system generating controlled seismic signal is cost-eﬀective, with high temporal resolution and accuracy
・Quantitatively characterized linkages between household knowledge, behavior, preferences,and participation in the
energy system and social equity outcomes. These outcomes include reducing carbon dioxide and particulate
pollution,creating new employment opportunities, and reducing energy costs while improving energy access
(a) Current and Future Contributions
0.43%
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(a) As a result of I²CNERʼs current accomplishments
and our projected future achivements, approximately
0.43% of the total required CO₂ reductions, and
approximatetely 5.26% of the total 70% required
reductions, respectively, can be realized by I²CNER
technologies and innovations when they are applied
to appropriate energy systems in Japan.

35.11%

Renewable Energy

Energy Eﬃciency

Power Generation

Hydrogen Economy

CO₂ Capture & Storage

I²CNER-relevent Industry
contribution

Energy Storeage & Carriers

Remainder of 2050

(b) In addition to I²CNERʼs direct contributions, development
and implementation of technologies that are relevant to
I²CNERʼs technology eﬀorts by other agencies will account
for further 35.11% of the 2050 target (shown in dark grey)
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Message from the I²CNER Director
The year 2020 marked the 10 th anniversary of I²CNER. It was also the year in which we
achieved “World Premier” status and were successfully inducted into the WPI Academy
of Japan, an elite organization that ensures our continuation in advancing the mission and
goals of the WPI program.
This recognition is a signiﬁcant accomplishment and is the result of the culmination of 10
years of international collaborations and dedication to WPI standards in scientiﬁc
accomplishments, technology transfer, interdisciplinary research, and academic systems
reforms. Indeed, I²CNER has dedicated its ﬁrst 10 years to producing some of the world ʼs
best research on the future of energy. As the newest center of the WPI Academy, we aim
to continue to make disruptive advances in the 21 s t century international energy
landscape, as well as strengthen the scientiﬁc advancements in Japan in collaboration
with the United States and the world.
As a permanent Institute of Kyushu University, I²CNER has consolidated its research
efforts into three thrusts: Advanced Energy Materials, Advanced Energy Conversion Systems, and Multiscale Science and
Engineering for Energy and the Environment. These thrusts are directly linked to the “Platform for International
Collaborations and Partnerships” that has been designed to maintain I²CNERʼs international identity and the “Platform for
Societal Implementation and Industrial Collaboration” whose purpose is to ensure technology transfer through the large
and growing network of I²CNERʼs industrial interactions. Our world-class researchers are working to bridge I²CNER and
Japan to other countries’ top universities and institutes.
The partnership between Illinois and Kyushu University continues to expand through new interactions and collaborations,
and will focus on multiple areas such as mathematics, agriculture, library sciences, medicine, and social sciences and
economics in addition to energy research.
I²CNER is clearly an international effort, operating according to international standards for quality and excellence. We will
continue to amplify the WPI mission and advance our carbon-neutral energy goals with our partners around the world.

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

World Premier International
Research Center Initiative (WPI)
Background
Critical Mass of Outstanding Researchers
An intensifying demand for talented researchers is accelerating the ・Bring together top-level researchers within a
host research institution
need among the world ʼs nations to develop the best scientific minds.
Invite
the worldʼs top-notch researchers
・
Thus, Japan has established new research centers that continuously
attract world-class researchers.
Attractive Research and Living Environment
of Top International Standards
Program Summary
・Strong leadership by center director; English as
The World Premier International Research Center Initiative (WPI)
the primary language
provides concentrated support to establish and operate research ・ Rigorous system for evaluating research and
system of merit-based compensation
centers with a core group of top-notch investigators. The objective of
these centers is to create a research environment that is among the ・Strong support function
best—giving them a visible presence within the global scientific ・ Facilities and equipment appropriate in a
global research center
community—that is, to create a vibrant environment that will provide ・ Housing and suppor t for daily living and
a strong incentive to frontline researchers to want to work at these
education of dependent children
centers. The WPI program has four basic objectives: advancing
To assist the WPI research centers in carrying out
leading-edge research, creating interdisciplinary domains, establishing
this mandate, the Japanese government provides
international research environments, and reforming research
them with long-term, large-scale financial
organizations. To achieve these objectives, WPI research centers are
support.
required to tackle the following challenges:
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Research Thrusts
Advanced Energy Materials
The goal of the Advanced Energy Materials thrust is to develop molecular, nano,
and bulk materials based on new science of surfaces, interfaces, and
microstructures for applications involving H₂, H₂O, and CO₂. The research is
directed to two classes of materials, catalytic and structural. In the area of
catalytic materials, our objective is to develop bio-inspired molecular systems for
fuel and energy generation that are centered on biological and synthetic
catalysts. In addition, we explore the production of fuels and materials of
added-value from ubiquitous chemicals through the use of solar energy. In the
area of structural materials, the research focuses on the development of the
fundamental science that enables optimization of the cost, performance, and
Bio-inspired catalyst for hydrogen activation
safety of materials for H₂ technologies. This includes the association of basic
science underlying deactivation of catalytic surfaces to industrial approaches for the mitigation of hydrogen embrittlement. In
addition, we aim at advancing our mechanistic insight into the degradation of metals and alloys for technologies that operate
at elevated temperatures in the presence of hydrogen. Lastly, it is our objective to develop next-generation tribo-systems with
higher eﬃciency and durability to conserve energy, thus contributing to CO₂ emissions reduction.

Advanced Energy Conversion Systems
The goal of the Advanced Energy Conversion
Systems thrust is to develop economically
feasible energy systems characterized by high
eﬃciency, fast conversion kinetics, and long
lifetimes. The focus is on electrochemical and
p h o to c h e m i ca l co nve rs i o n t h at s e r ve
stationary power and fuel generation and
mobility, and thermal energy conversion that
e n a b l e s e ﬃ c i e n t h e a t t ra n s p o r t . F o r
electrochemical conversion, fundamental
advances in the understanding of
electrocatalysis and ionic and electronic
transport properties in solids are needed in
order for high conversion rates between
e l e c t r i c a l a n d c h e m i c a l e n e rg y t o b e
obtained. The goal of photoelectrochemical conversion is the development of high-performance systems for splitting water,
harvesting solar energy, and generating light by exploring inorganic, organic, and hybrid materials from physical, chemical, and
biochemical perspectives and by elucidating potential conversion roadblocks and causes of degradation. Thermal energy
conversion is studied by pursuing fundamental understanding of heat and mass transport phenomena in relation to nanoscale
thermal transport, phase change heat and mass transfer, and the thermophysical properties of working ﬂuids. Devices thus
developed are essential to the integration of renewable energy to the electric grid and the advancement of new energy
solution pathways, including hydrogen energy.
Answering century old
questions in the ﬁelds of
condensation and
evaporation:TEM images of
suspended water ﬁlm in CNT
under high vacuum conditions.

Multiscale Science and Engineering for Energy and the Environment
The Multiscale Science and Engineering for Energy and the Environment thrust
pulls together a range of challenges facing Japan and the world ʼ s energy
transition, enabling the coordination of carbon reduction technologies, energy
eﬃciency technologies, and guidance for social, policy, and investment strategies
to coordinate a successful transition. To contribute to this transition, we carry out
research underlying (i) CO₂ separation and capture technologies, especially
focusing on membrane-type capture systems for storage or turning CO₂ into
value-added products, (ii) modeling and monitoring stored CO₂ to enable greater
levels of eﬃciency and safety, (iii) the development of new refrigerants and
methodologies for heat mass transfer for more eﬃcient cooling, and (iv) the
socio-techno-economic and policy analysis of low-carbon energy systems to
Sequestered CO2 monitoring system
inform policy makers on the best options for energy system design and enabling
superior technologies to penetrate the market. Our research eﬀorts are strongly linked with and leverage mathematics for
energy engineering; this capability allows us to take advantage of optimization and agent-based models to integrate renewable
and distributed energy resources to the electric grid, to enhance eﬃciency and safety in combustion processes, and to develop
dynamic models cognizant of the energy transition and social equity evaluations.

3

Research Platforms
Platform for International Collaborations and Partnerships
The Platform for International Collaborations and Partnerships is intended to maintain and foster I²CNERʼs international
identity. The members of this platform, who are world experts and with a solid record of international research experiences,
collaborate with I²CNERʼs researchers from all three thrusts. Because this platform and the three thrusts are interwoven and
the thrusts’ themes overlap, this is an eﬀective way to promote interdisciplinary collaborations across the institute and around
the world.

Platform for Societal Implementation and Industrial Collaboration
The three major research thrusts contribute directly to the transition of future I²CNER scientiﬁc advances to applicable
technology transfer through a large and growing network of I²CNER industrial interactions. This platform ensures a high level of
tech transfer, provides policy guidance for science and technology investments, and addresses potential social acceptance and
social impact issues. With its strengths in both advanced energy science and energy analysis, I²CNER provides critical direction
and support to Japanʼs energy transition over the next 30 years to meet the 2050 carbon reduction goals with minimal social
and economic disruptions.

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

Research Initiative
Applied Math for Energy
I²CNERʼs research at the intersection of applied math and engineering has enormous potential to impact all of the instituteʼs
research areas and the overall energy challenge. I²CNER ʼ s applied math eﬀorts are based on the institute ʼ s burgeoning
relationship with the Institute of Mathematics for Industry (IMI) and various departments at the University of Illinois
Urbana-Champaign. The institute currently has ongoing projects in the areas of mathematics for smart grid, porous materials,
computational physics, and social aspects of power systems. Examples include algorithm development for scalable grid
optimization problems, study of strategic interactions in electricity markets by accounting for the deepening penetration of
variable renewable resources in the grid, and persistent homology to characterize the properties of porous materials for CO₂
storage in rock formations. Projects are also addressing eﬃciency increase in power generation by modeling expanding ﬂames
using theory of parabolic equations.

4

I²CNERʼs Network of International Collaborations
To carry out its mission, the Institute established collaborations with internationally recognized research centers,
universities, and national and international laboratories. These collaborations involve and promote research interactions
and researcher exchanges and visits between the institutions.
・Bandung Institute of Technology (Indonesia)
・University of New South Wales (Australia)
・RMIT University (Australia)
・Colorado School of Mines (USA)
・University of California, Berkeley (USA)
・University of California, Irvine/NFCRC (USA)
・University of Texas at Austin (USA)
・Massachusetts Institute of Technology (USA)
・Air Resources Board of the State of California (CARB)(USA)
・Department of Energy (USA)
・Illinois Institute of Technology (USA)

・University of Edinburgh (UK)
・Imperial College London (UK)
・University of Thessaly (Greece)
・University of Göttingen (Germany)
・SINTEF (Norway)
・NTNU (Norway)
・University of Bergen (Norway)
・ETH Zurich (Switzerland)
・Tsinghua University (China)
・Malaysia-Japan Institute of Technology,
Universiti Teknologi Malaysia (Malaysia)
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International Strategic Partnership
・World leader in hydrogen research and technology
・Best-equipped and most-funded laboratories in the world for
research on hydrogen/materials interactions
・Exemplary collaboration and engagement with local, prefecture,
and national energy stakeholders

・Signiﬁcant contributions to research of hydrogen embrittlement
and materials over the last 40 years
・Research network of excellence with national laboratories and
industry
・Tradition of leadership and impact
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I²CNER Organizational Structure
President of Kyushu University
Executive Vice President for Research

Director
External Advisory Committee

Associate
Director

Associate
Director

Administrative
Director

Internal Programs Review
Committee
Industrial Advisory Board

Faculty Recruiting Committee

NEXT-RP

(Research Center for Next Generation
Refrigerant Properties)

Science Steering Committee

Platform for International Collaborations and Partnerships

【Research Thrusts】
Advanced Energy
Materials

Multiscale Science
and Engineering for
Energy and
the Environment

Advanced Energy
Conversion Systems

Platform for Societal Implementation and Industrial Collaboration

Personnel
Researchers

Japanese/Non-Japanese Researchers
Non-Japanese

Japanese
30

Assoc. Prof.
20%

Principal
Investigator (PI)
21%

20

Professor
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Total:114
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（as of Oct. 1st, 2020）
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I²CNER Facilities
Three years after its inception as the sixth WPI center, in January 2013, I²CNER celebrated the inauguration of its ﬁrst
building, located at the center of the Ito Campus of Kyushu University. Since the start of the I²CNER project, the number of
researchers from all over the world has increased signiﬁcantly, making it necessary to secure additional research space in
order to maintain the high-quality environment indicative of a top-level research center. I²CNER Building 2, which is four
stories tall with a total of 5,000m 2, was completed in February 2015. Holding true to the I²CNER mission and vision for
creating a carbon-neutral society, I²CNER Building 2 was designed around the concepts of sustainability, harmonization, and
consciousness of environmental impact.

Left: I²CNER Building 2, Right: I²CNER Building 1
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Contact us
International Institute for
Carbon-Neutral Energy Research(I²CNER),
Kyushu University
744 Motooka, Nishi-ku, Fukuoka 819-0395, JAPAN
Phone: +81(0)92 802 6935
Fax: +81(0)92 802 6939
E-mail: iq-kenkyu@jimu.kyushu-u.ac.jp

