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The Research Unit for Realization of Sustainable Society was
established as one of the Research Units Exploring Future Horizons
under the Kyoto University Research Coordination Alliance. This
unit also is a successor of the Institute of Sustainability Science and
following Research Unit for Development of Global Sustainability, and
pursues the unique interdisciplinary studies for the investigation of
sustainable survival of mankind and establishing new area of research,
as well as deployment of the practical solution for sustainability into
the real societies. We also intend to develop international collanoration
network, invitation of foreign researchers, and promote the training
of young research generation. Adding to the previous members of
Institute for Chemical Research, Institute of Advanced Energy, Disaster
Prevention Research Institute, Research Institute for Sustainable
Humanosphere,Center for Southeast Asian Studies, Institute of
Economic Research and Graduate School of Global Environment Studies,
Academic Center for Computing and Media Studies joined as the eighth
department.
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Ryuji Watanabe,
Professor, RISH

In April 2015, the " Kyoto University Research Coordination
Alliance (KURCA)" was established as an internal organization
for cross-sectional collaboration among the 19 research
institutes and research centers of Kyoto University. As one of
the main pillars of its activities, KURCA has been promoting the
"Research Units Exploring Future Horizons," a special program
to develop new research fields in an open manner, involving
not only faculty members, researchers, and graduate students
belonging to these research institutes and centers, but also
researchers belonging to graduate schools and invited foreign
researchers.

| believe that one of the studies that is required in modern
science is to discover and systematize new theories that no one
has ever imagined before, and to aim for the implementation of
those theories to the real world. In particular, a current major
change is to overcome the covid-19 crisis. | hope that new
research will contribute to the society after the covid-19 crisis.
The “Research Unit for Development of Global Sustainability
(RUDGS)” in Phase | (FY 2015-2014), has conducted a wide
range of challenging, high-quality research to establish the basis
for sustainable society from the perspectives of both scientific
pursuit and social implementation.

In the KURCA, the " Research Unit for Development of
Sustainable Society" project was launched in 2020. The new
unit will continue to take on challenges in unexplored fields
based on the results obtained in RUDGS in the first phase
(FY2015-FY2027) and the network of researchers cultivated
there. We strongly expect such successful outcomes from the
new Research Unit.
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Satoshi Konishi,

Professor, IAE

Since | wrote the last essay “Paradigms Lost” on the loss of
paradise due to the acquired knowledge making pun on the
famous epic, 12 years have passed. It was an introduction of the
challenge of interdisciplinary researches as a counter concept
of highly divided science. Value of the term “Paradigm shift
” was lost due to the excessive use as well as declining by
Thomas Kuhn, but no matter how many times they are changed,
categorized paradigms themselves are not effective to investigate
the complicated sustainability issues, and consideration and
pursuit of the essential problem by the joint efforts over the
borders. We believe this is an important methodology to
challeng the Sustainability problems that jeoparmize the survibal
of human kind, such as resource, environment, pandemic, poverty
or disaster. Recycling of material and energy, or resilience of
human society could be effective solutions, but the SDGs, indeed
it is good targets, are misunderstood to have much shorter time
constant than its essential problems. We would like to pursue
more profound mechanism and structure of the origin of this
sustainability issues.

As one of the Research Units Exploring Future Horizons under
the KURCA, this Research Unit for Realization of Sustainable
Society has newly established as the successor of the previous
units has started its activity. | expect we can actively enjoy
this style of generously bound interdisciplinary study style with
little fear of failure, and would eventually deployed as practical
implication in the real world.
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This is the first report of the Research Unit for Realization of
Sustainable Society. Due to the effect of pandemic and other
circumstances, the upper organization, Research Units Exploring Future
Horizons has launched its “Kick-off symposium” on Jan. 30th of 2021 by
the hybrid of web and in person meeting format. This brochure therefore
contains mostly research plans, scope and the expected outcome as
the objectives. However in fact, most of the researchers in this unit
have already started their interdisciplinary research activities in various
styles, and the readers can find their objectives, scopes, aspects and
methodology themselves are very unique and attractive. Moreover, to
provide the platforms for the exchange of such academic views from
different research field is the unique and typical feature of this research
unit, that expected to be understood from this report.
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Francesca PINCELLA, Lecturer, Institute for Chemical Research
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Masaharu NAKAMURA, Institute for Chemical Research

Direct Synthesis of Alzheimer's Disease Drug Candidates L b SR SR

from Woody Biomass
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Effective and practical use of woody biomass is crucial to achieve a more sustainable future
society, which does not rely on fossil fuel. We have recently developed a direct process
to convert lignin, the most abundant aromatic carbon resource on the earth, into functional
molecules without any pre-treatment of woody biomass. In this study, we are aiming to develop
drug candidates for Alzheimer’s disease by taking advantage of the binding properties of the
lignin-derived molecular scaffolds towards proteins linked to the neurodegenerative disease
progression.
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Takashi WATANABE, Research Institute for Sustainable Humanosphere

BIRME RELXE
Tomohiro MIYASAKA, Doshisha University 134

Iron oxide
_ acid “
g

‘Wood powder o

OMe
™ 1: R=OMe
<C 1y 2: R=H
7 oh s 1 -
J ‘-,( s 3 .(R R'CHO
&t AT ¥ ¥%n /) nHax
. _‘zﬁ“ & R = microwave
- =
4 HOY
Alzheimer's OMe
disease

3: R=0OMe
4: ReH

KRENAARZDETIVI N Y —RERER B L EMBEBEZ SR TR
Schematic illustration of the direct synthesis of Alzheimer's disease drug candidates from woody biomass



MRS RETREMERREDNZHD
EiE - B R iTOREL

Establishment of Basic Technologies for Developing Novel Materials
Containing Main Group Elements
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Keto-enol tautomerization reaction is one of the most important concept in organic chemistry. However,
tautomerization has never been explored for the so-called heavy ketones and amide due to the difficulty in the
synthesis and steric protection of reactive heavy carbonyl bonds (double-bond compounds between heavier
group 14 and 16 elements). In this research, we synthesis and isolate the methylene-sub—stituted germanone
1 bearing bulky groups. The structure was confirmed by X-ray crystallographic analysis. Although germanone
1 easily reacted with water in the atmosphere, it was stable at room temperature under argon condition.
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Development of Raman spectroscopic technique for analyzing
organofluorine materials
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Organofluorine (Rf) compounds are widely used as water- and oil-repellent materials. For efficient
utilization of Rf compounds without environmental loads, both thin-film coating techniques and
the analysis of molecular arrangement are investigated. In a past study, we found that a two-
dimensional packing of Rf chains with a standing orientation, so called the SDA packing, is
crucial for exhibiting the surface properties of thin films. In the present study, we are developing
a Raman spectroscopic technigue, which makes analyses of the SDA packing easier.
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Self-Assembling Vaccine Adjuvants
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Immune potentiators, termed adjuvants, trigger early innate immune responses to ensure the
generation of robust and long - lasting adaptive immune responses of vaccines. This project
leverages a concept of material sciences called “self - assembly” for the development of a
novel vaccine adjuvant. We discovered a simple small molecule named cholicamide whose
nanoassembly potently elicited innate immune responses in cells and served as a vaccine
adjuvant in animals.
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Mariko YUKIMOTO,

Assistant Professor, Institute for Chemical Research
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Mao Minoura, College of Science, Rikkyo University
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Purpose and Results of This Research
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Takafumi SHIMOAKA, Assistant Professor, ICR
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Takeshi HASEGAWA, ICR
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Masashi SONOYAMA, Faculty of Science and Technology,
Gunma University
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SDA packing comprehensively explains Rf compounds-specific
characters represented by water- and oil-repellencies.

(4275 ¢ St T 5
Motonari UESUGI, Professor, ICR
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PACKWOOD Daniel, Kyoto University Institute for Advanced Study
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YAMASAKI Sho, Research Institute for Microbial Diseases, Osaka University
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ISHII Ken, The Institute of Medical Science, Professor, The University of Tokyo
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Discovery of self-assembling vaccine adjuvant cholicamide
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Negative Carbon Economy
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Ultimate sequestration of carbon dioxide by the combination of advanced fusion energy and
biomass production is proposed. Restoration of fields in developing countries is possible by
plantation of newly developed high efficiency plants. Advanced energy can convert the their
biomass into carbon neutral fuel, and biochar isolates carbon dioxide from atmosphere and
store for geological periods. Transfer of values for negative carbon is can drive the sustainable
economical development and return the carbon balance to pre-industrial revolution era.
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Development of Renewable Energy Power Storage Method Suitable
for Rural Areas
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Since power generation from renewable energy sources fluctuates with time and season,
it is essential to install a power storage system to introduce more than a certain amount
of renewable energy. On the other hand, in rural areas, there is a possibility of realizing
sustainable agriculture in economic, energy, and environmental terms by actively utilizing
such renewable energy power. Thus, this study aims to realize a local production for local
consumption type energy system using renewable energy in rural areas.
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Energy production, material production and carbon sequestration
through revegetation of deteriorated grasslands
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Revegetation and sustainable use of deteriorated grass fields left after tropical deforestation has
been an important issue in Southeast Asian countries. This study seeks to develop grass plants
optimized for a sustainable production of bioenergy in deteriorated grass fields. Based on the
knowledge obtained by model experiments with rice, we work on the selection and breeding of
sorghum lines with higher lignin content. The high lignin content biomass is promising as a raw
material for carbon sequestration in combination with energies which do not emit carbon dioxide.
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Mahmud BakrArby, Institute of Acvanced Energy
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Toshiaki UMEZAWA, Research Institute for Systainable Humanosphere
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Concept of Negative Carbon Economy
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Toshiyuki NOHIRA, Professor, Institute of Advanced Energy
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Daisuke SHIBATA, Institute of Advanced Energy
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Takayuki YAMAMOTO, Institute of Advanced Energy
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Toshio OKABE,Academic Center for Computing and Media Studies
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Conceptual diagram
of an energy storage
system for effective
use of renewable
energy in rural areas
and local communities
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Environmental Radioactivity Analysis
and Collaborative Research in Fukushima
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Radioactive Cesium fell to the cultivation area around Fukushima prefecture by the accident of
Fukushima Daiichi Nuclear Power Plant in 2011. We conducted various methods to clean up
soil for agriculture. One of the major methods is to strip topsoil up to 5cm. This decontamination
method has been carried out inside a highly polluted cultivation field by radioactive cesium and
not on the levee around the field still now. We investigate the contamination variation around the
cultivation area by using the walking radiation measurement system KURAMA (Kyoto University
RAdiation MApping system) and by direct measuring radioactive cesium concentration. We also
checked the radioactive cesium in irrigation water for checking the weather dependency.
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Develop an advanced eco-friendly scenario for bioethanol production
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In line with climate conservation agreements to sustain the humanosphere, importance of
effective conversion of lignocellulosic biomass to bio-based chemicals and fuels is increasing.
Our perspective is utilizing the advanced technology of microwave glycerolysis of biomass with
the catalysis of acid to overcome the recalcitrance of biomass during the enzymatic hydrolysis.
We are developing a process of co-fermenting glycerol with the released glucose and xylose
from lignocellulose using a novel proposed recombinant yeast.
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Aromatics Production from Tropical Wood as Starting Materials
through Catalytic Fast Pyrolysis
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In order to solve the problems of fossil resource depletion and environmental degradation,
the production of useful chemicals from unused and underutilized plant materials is required.
The aim of this study is to utilize the liquefied products and pyrolysis residues obtained from
tropical woody biomass as useful chemicals. The pyrolysis liquefied product containing useful
chemicals obtained from woody biomass with catalyst was confirmed by Py-GCMS.
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Yoshikatsu Ueda, Assistant Professor, RISH
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Yomei Tokuda,Fuculty of Education, Shiga Univeristy
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Naoto Nihei,Faculty of Food and Agricultural Sciences, Fukushima Univeristy
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Minoru Tanigaki, Institute for Integrated Radiation and Nuclear Science, Kyoto University
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Surface contamination density measurement of radioactive cesium (litate
village, Fukushima)
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Sadat Mohamed Rezk Khattab, researcher, RISH
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Takashi Watanabe, Research Institute for Sustainable Humanosphere
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Masato Katahira, Institute of Advanced Energy
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Takashi Nagata, Institute of Advanced Energy ft1144

Scheme for developing the scenario for bioethanol production from the
lignocellulosic biomass
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Toshimitsu HATA, Junior Associate Professor, RISH
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Sensho Honma, Hokkaido Research Organization
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Joko Sulistio, Gadjah Mada University
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Takashi Watanabe, Research Institute for Sustainable Humanosphere
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Shift from fossil resources to tropical biomass
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Development of an assessment tool for hillslope hazards by heavy
rainfall: toward resilient local society

AR TIE. B EME/ NP —ROFHE-FI4R1E X7 LERRL. RO LK ELDUTY
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This project aims to establish an assessment tool for hillslope hazards to enhance disaster
resilience of regional society. A system for prediction of rain-induced landslides and debris
flow will be developed, which is then going to be applied for risk communication between
researches and local residents.scaffolds towards proteins linked to the neurodegenerative
disease progression.
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Suitable river regulation work for sustainable development of cities
around braided rivers
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Lands in and around rivers are the habitat for human being and riverine fauna and flora. These
lands are deformed due to floods with time and have life-time. In this study, relationship
between life of people and flow/channel deformation characteristics of the Ayeyarwady River,
Myanmar is investigated and the suitable river regulation works for braided rivers are discussed.
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Climate Change Adaptations for Flood and Fire Risks in Humid
Tropical River Basins in Sumatra Island
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About 60% of the world's tropical peatlands are located in Southeast Asia, with an area of about
230,000 km2. Plantations in Sumatra Island, Indonesia, began to develop rapidly in the 1990s, and
about 25% of the rainforest disappeared within 25 years from 1985. This study predicts how climate
change and land-use changes will affect the water cycle in humid tropical river basins and consequently
change the risks of floods and peatland fires. Based on the estimations using a hydrological model, we
investigate climate change adaptation strategies to mitigate the flood and fire risks.
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Yuki MATSUSHI, Accosiate professor, Disaster Prevention Research Institute
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iroyuki YAMAMOTO, Center for Southeast Asian Studies
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Landslides in hillslopes at northern Kyushu in 2017
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Spur dyke constructed in Ayeyarwady river
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Landuse in the Batanghari River Basin in Sumatra Island
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Utilization of Disasters and Hydro-meteorological Information
in Tropical Peatland
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We conducted a continuous radar operation in eastern Sumatra, Indonesia in collaboration with
central government agencies (i.e., Agency for the Assessment and Application of Technology;
BPPT). We intend to calculate river runoff and soil moisture in Riau Province (including
Tanjung Luban Village), Indonesia by using radar-estimated rainfall and analyze fire hazards
from a water management perspective. Data analysis will be carried out in collaboration with
the local government (i.e., Regional Disaster Management Agency; BPBD) and the Politeknik
Negeri Bengkalis, a polytechnic in Bengkalis, Riau, Indonesia.
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Religious Traditions and Sustainability in Asia:
Historical Legacies and Legal Issues

The research aims to analyze the impact of religious traditions on legislation and
political choices relating to environmental sustainability in Asia. Particular attention is
given to the Zoroastrian tradition in India (Parsi communities) and Iran, the model of
sustainable development of Bhutan, and the role of Catholicism and Catholic Church
in South and Southeast Asia.
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Feasibility of tele-delivered cognitive behavioral therapy for
substance use disorders

HROBEYMRIFEEEI2018F(23,50077 A FEEIE657 ATELEL, ZOKEEZRER
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RETIHAETHEoTVET, TN AT ZOZEMEFBRIEMEY RENELZ, 54,
SNARBHELERRREREITV ZOEBRIBEMEHFHIEERASNICTBFETT .

IThe number of people with substance use disorders worldwide reached 35 million in 2018 among which
650,000 —in most cases prematurely— died as a result. In low- and middle-income countries (LMICs) only
1% of patients receive treatment due to inaccessibility to mental health resources. In this study, we focus on
Indonesia, the world 3rd largest LMIC, where we examine feasibility of video-conferencing delivery of a newly-
developed local version of Cognitive Behavioural Therapy (CBT). Our pilot test showed its acceptability and
usability, and we are now conducting a larger scale clinical trial to determine its feasibility and effectiveness.
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Associate Professor, Center for Southeast Asian Studies
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Michiko HOSOBUCHI, Center for Southeast Asian Studies
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The weather radar was installed to estimate the amount of rainfall in
peatlands.
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Matteo MIELE,

Center for Southeast Asian Studies, Program Specific Assistant
Professor

Zoroastrian Fire Temple in Delhi, India
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Chika Yamada,

Program-specific researcher, Center for Southeast Asian Studies
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Ryota Sakamoto, Center for Southeast Asian Studies
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Kristiana Siste, Faculaty of Medicine, Universitas Indonesia
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Pilot study of cognitive behavioural therapy for substance use disorders
via video-conferencing
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Coal Divestment, ESG investments and Behavioral Changes in
Financial Institutions and Industries
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Akihisa MORI,

Associate Professor, Graduate School of Global Environment Studies
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Nobuhiko SHIMIZU, Kyoto Institute of Economic Research
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ATheory of Intergenerational Equity

This research aims to explore how coal divestment movements

and ESG investments trigger behavioral changes of financial

institutions and industries, and to identify drives and enabling
factor that makes them happen. Findings are summarized as
follows.

(1)Some Japanese financial institutions and trading companies
began to take a collaborative business model in which they
work together with customers to change their business
model toward a low carbon one.

(2)An increasing number of manufacturers face difficulties in
obtaining finance for investments unless they take climate
measures.
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Bruno STRULOVICI, Department of Economics,
Northwestern University
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Smart Energy Management via Power Packet Network
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In this research, we aim to integrate electric power and information using information and
communication technology (ICT) to reform energy management, so as to contribute to the
realization of a sustainable society. Specifically, we aim to digitize electric power transmission
and make electric power networks smarter by combining the technology of best-effort
transmission of electric power packets which integrate electric power and information by
asynchronous store-and-forward and per-flow routing based on matching of supply and demand.
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One of the most pressing issues in the present society is to
mitigate

climate change. However, this issue presents a potential conflict
across generations. While the benefit of policies that address
climate change will be enjoyed by future generations, the
cost of developing the technologies to achieve this, such as
technologies that reduce carbon emissions, is borne by the
current generation. This conflict is mitigated by the inter-
generational altruism that the present generation has for future
generations. This research aims to formalize inter-generational
conflict and altruism, and study the inter-temporal preferences
that result from these considerations.
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Report of visit from international researcher
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Matteo Miele

Program Specific Assistant Professor, CSEAS,
Kyoto University
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During my doctorate at the University of Pisa (2010-2014), | had
the opportunity to carefully study the historical geopolitics and
international relations of High Asia in the early 1900s and the
interaction between cultural and religious traditions and politics.
Between 2011 and 2012 | also taught at Sherubtse College, Royal
University of Bhutan, in the village of Kanglung. The studies of
political history, as well as the experience of teaching and research
in the small Himalayan kingdom, have led me to continue my
academic career in Japan and in particular at the Kyoto University,
one of the main Asian research institutions with ancient and
strong links to Bhutan. In 2017 | started my postdoc as a JSPS
International Research Fellow, working with professor Kumagai
(Department of Bhutanese Studies, Kokoro Research Center, Kyoto
University).

During the two years of fellowship, | continued to work on the
political history of Tibet and Bhutan. Several Japanese scholars
study Bhutan and the Himalayan region in Kyoto University and
with them | have been able to continue a fruitful collaboration and
exchange of opinions. Furthermore, access to the vast material of
the Kyoto University library and in particular the CSEAS Library -
whose staff | want to thank for their help and kindness - has been
essential for my work and to be able to identify new and challenging
fields of studies - such as the new research within the Research
Unit for Development of Global Sustainability and of which | will
address shortly.

In this context, therefore, in 2019-2020 | continued my work at
Kyoto University as a Collaborative Researcher still working with
Prof. Kumagai. In 2019, | also joined the Center for Southeast
Asian Studies as an Affiliated Assistant Professor with professor
Kobayashi. Since the beginning of 2021, | have been participating
in the Research Unit for Development of Global Sustainability with
professor Sakamoto as my counterpart at the Center for Southeast
Asian Studies.

My research focuses on the impact of religious traditions on
legislation and political choices relating to sustainability in Asia.
| intend to analyze and study some specific cases, starting with
the Zoroastrian tradition in India and Iran, the model of sustainable
development of Bhutan, and the role of Catholicism in South and
Southeast Asia. Zoroastrianism is a religious system originating
in central-western Asia and since its very remote origins has
paid major attention to the natural environment and progress.
The small kingdom of Bhutan has proposed to the whole world
a new development recipe, known as Gross National Happiness,
that has fascinated not only the academic world but is now also
seriously considered by other states and international organizations.
Finally, Pope Francis’s approach to environmental issues led to a
redefinition of the role of Christianity in the face of sustainability.
Therefore, | will try to define the influence of religions on political
choices.

Participation in this research unit is certainly an extraordinary
opportunity to interact with other scholars in different disciplines
who meet in this stimulating academic field. This will contribute
greatly to my research
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Subjects of research for FY2020
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YUKIMOTO Mariko | profesaor Groap Elements
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SHIMOAKA Takafumi | pofessor ICR Development of Raman spectroscopic technique for analyzing organofluorine materials
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NOHIRA Toshiyuki Professor I'TA'E 7P Development of Renewable Energy Power Storage Method Suitable for Rural Areas
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7 UMEZAWA Toshiaki Professor RISH Energy production, material production and carbon sequestration through revegetation of
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g | LE B BH | crmERs | BBRCHUSREMHER S L CREEED O OEMHR

UEDA Yoshikatsu Profosaor RISH Environmental Radioactivity Analysis and Collaborative Research in Fukushima
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& Sadat M. R. Khattab Researcherr Develop an advanced eco-friendly scenario for bioethanol production
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List of international researchers for FY2020
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IRILF— Institute of Advanced | 4F5IIBAL Distinguished Visiting

I8 TS50 Energy IR Associate Professor Bakr Arby Mahmoud 2021/1/1 ~2021/3/31
- Insitute of Economic | 4F5I#BAL Distinguished Visiting - N

i Research e Profeseor Bruno Strulovici 2020/4/10 ~ 2020/5/15

RE 7T HBE | Center for Southeast | ... Program-Specific )

W% Al Siveles 4ETEBNE Assistant Professor Matteo Miele 2021/1/1 ~2021/9/30
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