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society through wireless power
transfer

The electrification of automobiles and other vehicles is critical for the realization of carbon
neutrality-the state of balance between the greenhouse gases emitted and absorbed.
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The sustainable development of the global economy depends on a continued striving for innovation. University-based startups
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Eeature Story

Supporting the electrification of society through
wireless power transfer

Shinji Abe

The electrification of automobiles and other vehicles is critical for the realization of carbon neutrality-the state of balance
between the greenhouse gases emitted and absorbed. The current situation, however, is that battery-powered motors have
a limited range, take a long time to recharge, and need to be connected to charging cables. Wireless power transfer is a
technology capable of solving all of these problems at once. We interviewed Shinji Abe from Power Wave, a startup that
originated at TUT aiming to build the key infrastructure of the future with this technology, about his reasons for starting the

company and his vision.

Interview and report by Madoka Tainaka

Desire to solve battery
challenges

‘| chose National Institute of Tech-
nology (KOSEN), Sendai College
after junior high school because | had
learned that the largest part of the
volume of a cell phone is occupied
by batteries,” said Abe. He aspired
to produce smaller, more efficient bat-
teries to achieve the futuristic world
depicted in science fiction, from which
he drew the inspiration to become a
researcher.

“At first | entered the Department of
Electronic Engineering to do research
on batteries, but then | became
interested in computer algorithms
and architecture, so | switched to the
Department of Information Engineer-
ing. After that, | returned to the study
of electricity, and in graduate school
| went to after graduating from the
KOSEN Advanced Course, | joined
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the laboratory of Prof. Takashi Ohira
at Toyohashi University of Technology,
who was working on wireless power
supply for electric vehicles (EVs).

Gasoline-powered  vehicles using
fossil fuels are still currently the most
common vehicles. However, with
carbon neutrality being pushed as a
solution to the limited supply of fossil
fuels, it is reasonable to expect that
energy-efficient EVs will become the
standard for vehicles in the future.
However, the current situation is that
increasina batterv canacitv in order to
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Trade-offs to be compromised on the issue of EVs
penetration

increase driving range means increas-
ing the weight and price of vehicles. In
order to avoid such compromises, we
need to build a system that supplies
electricity only when it is needed.
“One solution is the technology for
wirelessly transferring power to mov-
ing vehicles,” said Abe, explaining the
significance of his research.

Launching a business is one way
to change society

Abe reached a turning point in his path
as a researcher while he was pursu-
ing a doctorate. While conducting
joint laboratory research with private
companies, he started to appreciate
the high level of demand for this tech-
nology from society. It seemed to him
that researchers like himself and the
other lab members were best placed,
in terms of their understanding of the
technology, to play a key role in how it
should be applied to society.
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Members of Power Wave (left to right): Norito Oida, Minoru Mizutani, Shinji Ave, Takashi Ohira,
Koichi Obata

“Once we started to try to raise funds
for a university corporate partnership,
| came to understand that our hands
were tied by being part of the univer-
sity structure. What is more, having
been awarded a Research Fellowship
for Young Scientists by the Japan So-
ciety for the Promotion of Science at
that time, | was not allowed to take on
any side businesses. In conclusion,
| decided to leave the doctoral pro-
gram, to take a position as a research
assistant, and then to officially start
setting up a business.

Thus Power Wave Co., Ltd. was estab-
lished in March 2021, with the 29 year
old Abe as its CEO. The four founders
of the company are: Abe, Professor
Takashi Ohira, Project Research As-
sistant Minoru Mizutani, and Mr. Norito
Oida, the CEO of an IT-related startup
company in Toyohashi City. In other
words, a team comprising expertise in
technology, venture management and
leadership *

Did you experience any doubts about
making the leap from R&D into the
business world?

“| drew some confidence from my
own father, who decided to switch
from being a salaried worker to the
owner of his own business. On top
of that, | could draw on the advice
of Mr Taneda, with his experience as
a senior manager, so it was an easy
decision in the end. Of course, there
was a lot | didn’t know about business
management and | had some difficul-
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ties at first, but the more | studied, the
more | got into it.

Basically, launching a business is
a means to an end. To achieve my
goal of spreading this technology
to change society, | chose to form a
company. “This technology has the
potential to drastically change society,
and | want to be a part of that change,”
explains Abe enthusiastically.

startups: Trust based on
established research is key

As it happends, the idea of wireless
power supply has been around for a
long time . The first conceptual model
was the World System, a system for
transmitting electricity globally without
wires, It was the brainchild of inven-
tor Nikola Tesla, who was active from
the late 19th to the mid-20th century.
The appeal of this idea endured, but

IThe benefit of university created
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it was not until 2007 that a research
team from the Massachusetts Institute
of Technology (MIT) succeeded in
wirelessly transferring electricy over
a two-meter distance to power a 60W
light bulb. This achievement opened a
new frontier, and great advancements
have been made towards practical
application over the last decade.

Abe explained, “the most significant
technological breakthrough was the
theory for wireless coupling which
was developed by TUT. Technically
speaking, this theory involves the kQ
product (multiplication of “coupling
coefficient “k” by “quality factor”) and
the Poincaré model (non-Euclidean
geometry measurement). The theory
has made it possible to design wire-
less power transfer using the coupling
of electric fields whereas previously
this had been considered problemat-
ic. Another key breakthrough was the
development of field-effect transistors
(FETs) using Gallium nitride (GaN)
semiconductors. Thanks to these
FETs, the high-frequency inverter that
converts direct current into large, very
high frequency (MHz) electrical cur-
rent was created.”

This design theory using the coupling
of electric fields and a high-frequency
inverter are the core technologies
behind Power Wave.

The credentials of this technology, an
EV using a wireless power transfer
system (or V-WPT: Via-Wheel Power
Transfer) , have already been estab-
lished. In 2016, while Abe was still a
student, high-frequency power was
successfully transmitted from a power
transmission board underneath an

World's first EV battery-less driving

ACplug |

ion plate
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asphalt road on campus to an EV
equipped with a small battery and a
receiver. This success marked the first
batteryless drive in the world. In 2017,
the following year, the laboratory also
succeeded in transferring power to an
unmanned, moving transport vehicle
in a factory. Thus, Power Wave was
firmly established with proven tech-
nologies.

“We were able to establish the com-
pany after more than a decade of
research in our laboratory and with a
good prospect of profitability. This is
what makes us different from ordinary
ventures. We have also obtained a
number of patents under the univer-
sity’s name. As a university-originated
company, it has been easier for us to
gain the trust of society. In the future,
in order to grow | think it will be essen-
tial for us to create our own research
department”

We set our sights high, and aim to
become a company with market
value over 1 trillion yen

Starting in October 2021, Power Wave
commenced verification experiments
with a personal mobility vehicle (a
one-passenger powered cart) in
Chubu Centrair International Airport.
In this experiment, our wireless power
transfer system will be incorporated
into a personal mobility vehicle de-
veloped by Aisin (ILY-Ai), which will
be used by airport staff. Up until now,
charging has been done by cable, but
by replacing it with a wireless system,
it gives us a chance to see how it
performs and to troubleshoot issues
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as they arise.

“If its user-friendliness is verified, we
will be able to expand its use to facili-
ties where similar mobility vehicles are
used. Although it will be necessary to
install high-frequency inverters and
power transmission boards in the
facilities, as well as power receivers
in the mobility devices, the system
can be retrofitted relatively easily, so |
think it will be widely used not only in
airports but also in plants, commercial
facilities, hospitals, and other places
where mobility and robots have al-
ready been introduced.”

If the system becomes widely ac-
cepted, the company is considering
establishing a business model with
fees based on electricity usage or a
flat-rate subscription, rather than to
the marketing of the system itself.

Mr. Abe says, “We aim to become a
company with a market capitaliza-
tion of more than one trillion yen,
assuming that we can expand our
business globally and use the system
in electric vehicles by around 2030.”
This is a very encouraging prospect.
“As a manager, it's a huge advantage
to be able to confidently explain the
technology yourself. If students from
Toyohashi University of Technology
become business managers, they
can similarly use their understanding
of science and technology as their
strength. It is my sincere hope that
younger students will be inspired to
follow a similar path.”

References

* TUT originated startup company “Power
Wave” established for wireless power
transfer technology for vehicles and robots,
TUT Research No.25 - Pick Up, May 2021

e “Resonance Q Theory’-A Breakthrough
Discovered by TUT, TUT Research No.11 -
Research Highlit, Dec 2017

* A new measure for wireless power transfer,
TUT Research No.3 - Reserch Highlight,
Nov 2015

Reporter’s Note

Our first impression of Mr. Abe talking on the
screen was of a researcher who cautiously
selected his words. Towards the end of the
interview, however, we could see a different
side of him when he was talking about study-
ing abroad as a student at KOSEN (National
Institute of Technology). He took a year off
from KOSEN and chose to study abroad in
Brazil.

“| thought that if | was going to go abroad, |
might as well go to the farthest country from
Japan. Many of the Brazilians | met were
open-minded and fond of Japan, and | was
also happy to learn Portuguese,” said Abe.
On top of this experience, he had a six-week
internship in Bahrain, Saudi Arabia, and the
UAE in the Middle East. “I hope that my work
allows me the possibility to visit many more
places in the future,” said Abe cheerfully. We
predict a bright future for this young business
manager and his can-do spirit.
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Researcher Profile
Shinji Abe

Shinji Abe graduated from Advanced Course of National
Institute of Technology (KOSEN), Sendai College and
entered to Toyohashi University of Technology (TUT)
Graduate School in 2015. During TUT student, he
awarded Research Fellowship for Young Scientists by the
Japan Society for the Promotion of Science from 2018 to
2019. After graduated, he started working as a project
research associate at TUT in 2019. He established Power
Wave Co., Ltd. in March 2021 and became the CEO.

Interface”

Reporter Profile

Madoka Tainaka is a freelance editor,
writer and interpreter. She graduated in
Law from Chuo University, Japan. She

served as a chief editor of “Nature

the promotion of Information and Sci- =
ence Technology at MEXT (Ministry of
Education, Culture, Sports, Science and ‘
Technology).
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Changing the world through the digitization of odors

using a high-resolution odor sensor

Shunichiro Kuroki

Humans basically observe the world through their five
senses of vision, hearing, touch, taste, and smell. When a
human’s sensory receptors encounter physical stimuli, an
electrical signal is sent to the brain, stimulating recognition,
judgment, or action. Since this information processing pro-
cess is highly compatible with digital technology, electronic
devices have been used to digitize the five senses. Howev-
er, it has been especially difficult to develop devices mim-
icking the sense of smell, which is particularly complicated
and subjective. Against this context, the development of
a next-generation silicon CMOS sensor by Aroma Bit, Inc.
and Toyohashi University of Technology has been a game

changer. Aroma Bit Silicon Sensor Technology, Inc. was established with the goal of finding applications for the sensor
in society. We interviewed the company’s representative director & CEO, Mr. Shunichiro Kuroki.

Interviews and report by Akiko Seki

developed through industry-
academia open innovation.

Mr. Kuroki explained that the next-
generation silicon CMOS type odor
sensor developed by Aroma Bit, Inc.
and Toyohashi University of Technol-
ogy is a sensor that digitizes odors,
transforming them intohigh-resolution
visual representations.

I High-resolution odor sensor

The sensor is comprised of a odor
receptor film developed by Aroma Bit,
which absorbs and desorbs an odor
molecules, and the sensor element,
which detects the absorption or de-
sorption of the molecules. The sensor
element originally used a quartz oscil-
lator. However, by applying the base
technology of the ultra-high-sensitivity
silicon CMQOS ion imaging sensor de-
veloped by the research group led by
Professor Kazuaki Sawada of Toyo-
hashi University of Technology, a more
compact, lower cost odor sensor with
a greater odor resolution was realized.

To accelerate the commercialization
of this next-generation odor sensor,
Aroma Bit Silicon Sensor Technol-
ogy, Inc. (hereinafter, “ABSST”) was
established as a subsidiary of Aroma
Bit in 2019. Mr. Kuroki is both its rep-
resentative director and CEO. They
decided to establish a subsidiary
for commercialization because the
sensor was created by a consortium
launched by Toyohashi University of
Technology, Toyohashi Sensor Coun-

https://www.tut.ac.jp/english/newsletter/

cil (TSCo), Hamamatsu Photonics
K.K., Toho Technology Corp., Nippon
Chemi-Con Corporation, and Aroma
Bit in 2017, and they wanted to be
able to promote business smoothly
while maintaining their relationships.

"This is not just a success for industry-
academia open innovation , but a rare
case in Japan where innovation was
driven by a new venture company.
The success of this project was due to
the fact that Professor Sawada under-
stood and was willing to commercial-
ize the technology, and we were able
to build a good relationship with him,”
recalls Mr. Kuroki.

CMOS-type compact odor imaging sensor

ABSST, which started as a good ex-
ample of industry-academia coopera-
tion, became the first certified venture
company originating from Toyohashi
University of Technology. “Being
able to demonstrate that the product
is based on university research is a
great advantage in terms of credibility

and name recognition of the technol-
ogy from customers and investors,”
he says.

establishment of an digital odor

I More possibilities through the
database

The mechanism the sensor uses to
create visual representations of odor
is almost identical to the smell mecha-
nism of animals. When odor molecules
reach the sensor, they attach to and
detach from the odor receptor films.
There are currently 35 types of mem-
branes, each with different physical
properties that allow them to respond
to a wide variety of odor molecules.

“It is said that humans have approxi-
mately 400 types of olfactory recep-
tors, and dogs have approximately
1200. The more receptors one has,
the more molecules can be identified.
The aroma bit manages to pack the
same number of receptors as a dog
into a 1 mm? sensor.”

When molecules are absorbed or de-
sorbed to the odor receptor film, the
electric properties of the film change.
The system visualizes the odor by
detecting the response as an image
pattern. By teaching Al is recognise
patterns, it will be able to identify
a wide variety of smells. This is the
same process by which living things
learn to smell from experience.

“As the number of patterns the Al can

TUT Research No. 27 November 2021
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recognizes increases, it will gradually
become possible to identify the char-
acteristic patterns of a certain odor in
the same way that humans do. Once
this becomes possible, it will also be
possible to create the specific odor
of a material from different materials
that have the same odor pattern.” For
example, the ability to reproduce a
specific odor without the need to use
arare living animal or plant by using a
different material that emits that odor
will improve the sustainability of our
utilization of materials.

“In addition to the high performance
of the sensor itself, which can detect
a wide range of odors, the develop-
ment and utilization of a database of
odor patterns will start to multiply the
possibilites for application. This is the
big difference between conventional
single-material  detection  devices
such as gas sensors and our odor
smell sensor,” Mr. Kuroki emphasized.

Aiming to be the world leader in
odor digitization.

The technology is drawing significant
interest from the business world.
Aroma Bit's odor measurement
device and the analysis technology
are already being used by Meiji Cor-
poration and the West Japan Railway
Company.

Inaddition, the sensor is also expected
to greatly aid abnormality detection
systems that detect small amounts
of burnt or abnormal odors before a
human is able to perceive them, and
for the quality control and product
development of foods and commodi-
ties. Because it is able to display the
elements of odor as objective data
and transmit this data digitally via a

network, it is also possible to identify
odor in remote locations.

Mr. Kuroki has identified healthcare
as one of the areas where AromaBit
can be used in the future. It has
the potential to detect periodontal
disease and various other diseases
by smell. It is also expected to be
useful in abnormal detection systems
that can detect the slightest trace of
smoke or other targeted odours at a
level below humans can detect. This
capacity may also be useful in quality
control and product development for
food and daily necessities. Since it is
able to display the elements of odor
as objective data and transmit this
data digitally via a network, it is also
possible to identify odors remotely.

After graduating from a university in
the U.S., Mr. Kuroki worked as a semi-
conductor engineer and then an in-
vestment analyst in high-tech fields for
a foreign-affiliated investment bank,
and then worked at an intellectual
property fund before starting his own
business. He said that the particular
challenge of marketing odor sensors
derives from the fact that the digitiza-
tion of this field is relatively poorly
developed. “The odor sensor is a new
technology without a pre-existing mar-
ket. Therefore, the challenge is that we
have to develop the technology and
create the market at the same time,”
he said. Thanks to the establishment
of ABSST, the system for supplying
ultra-compact odor sensor chips that
are mountable on smartphones is now
under development, which is paving
the way toward a breakthrough.

Mr. Kuroki's goal is to make AromaBit
the world leader in odour digitization.

AROMA BIT BRAND VISION MOVIE

aroma bt

P o) 1:42/232
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The “BRAND VISION MOVIE” is an image of future life brought about by technology
that visualizes and converts odors into data. Please check the future life that Aroma

Bit imagines and creates.
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He also told us his vision: “Because
plants and animals use odor to ex-
change information we may be able to
read their emotions and communicate
with nature through sensors. This
could lead to a change in our aware-
ness of the environment. | think that
the visualization of the world of smell,
which is said to be the most primitive
and instinctual of our senses, will lead
to the realization of a better society
where humans and nature can exist in
greater harmony. What kind of future
will the odor sensor and data create?
The sky is the limit.

who wish to start their own
business

Anybody can start their own business.
However, it is difficult to achieve suc-
cess in a business. This is because
you have to keep going until you suc-
ceed. Especially when starting your
own business in a technology field
that requires hardware, it takes more
time than people expect to develop
and manufacture a product. There are
no shortcuts to navigating the physi-
cal limitations.

I Mr. Kuroki’s message to people

Until you achieve success, although
this doesn'’t just apply to business, you
have to give it everything you've got.
You have to consider how your suc-
cess or failure may impact your family,
business partners, and employees.
No matter how hard the difficulties
that you face, and how badly you want
to succeed, there is no guarantee of
success. Accordingly, it is important
that you face your situation with a
clear ethical compass.

I’'m not in a position to tell you the
secret of success, but | can say that
the most important qualities of an
entrepreneur are basically optimism
and the ability to get people who are
better than you to help you achieve
your goals. Good luck!

Profile

Shunichiro Kuroki

CEO, Aroma Bit, Inc.

Field of Business: Consumer Electronics, Elec-
tronic Components, [T Services, Machinery,
and Automobile related Technology Sector
Investment Analyst
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Listening to plants’ voices the key to establishing
data-driven agriculture

Hiroto Kitagawa

In recent years, attention has been drawn to various agricul-
tural issues in Japan, such as the decline in the number of
agricultural workers due to the decreasing birthrate, the aging
population and the barriers to the entry for new farmers. To
overcome these issues, the Japanese Ministry of Agriculture,
Forestry and Fisheries announced the Plan for Digital Trans-
formation (DX) in Agriculture in March 2021, revealing their
policies to promote digitalization in various areas. Ahead of
this, PLANT DATA Co., Ltd. has already begun putting digi-
tal technology in place and providing services to measure,
analyze, and use biological information about plants. With the
goal of establishing data-driven agriculture, Hiroto Kitagawa,
the President of PLANT DATA Co., Ltd., talks about the back-
ground behind the company’s inception and his business vi-

sion. Interviews and report by Akiko Seki

Joining PLANT DATA through a
connection from his university

“In general manufacturing and other
related industries, the condition of
products can be measured using
various instruments and understood
using the resulting data. In agriculture
however, the condition of the prod-
ucts, that is to say plants, has up to
now been evaluated only by the hu-
man eye and understood subjectively.
What PLANT DATA now makes pos-
sible is to gather data beyond the level
of the human eye by means of image
analysis technology and robots. This
then allows us to measure and digitize
the plants’ condition. By utilizing these
technologies, the company aims to
increase the sophistication of agri-
culture.” said Kitagawa, summarizing
PLANT DATA’s business.

In order to master the skill of identify-
ing the condition of plants, which do
not of course speak, takes years of
acquired experience and intuition.
For this reason, agriculture is depen-
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dent on individuals’ expertise, which
makes it hard to understand system-
atically. This can lead to problems in
agriculture. Aware of this issue since
his student days in the University of
Tokyo's Department of Agricultural
Engineering, Kitagawa believed that
the key to the solution could be to
increase the sophistication of agricul-
ture using digital technology.

PLANT DATA is a venture that was
established in 2014 by Professor Ko-
taro Takayama of Ehime University’s
Graduate School of Agriculture to
realize the practical application of his
research - namely plant measurement
and diagnosis technology. Through
the  Cross-appointment  System,
Professor Takayama also became a
professor in the Electronics-Inspired
Interdisciplinary Research Institute
(ENRIS) of Toyohashi University of
Technology (TUT) in 2019. Due to this
appointment, while PLANT DATA is
headquartered in Ehime University,
the company also established an op-
erating base for engineering-related
development at TUT. As a result,
PLANT DATA is certified as a new
venture originating from both Ehime
University and TUT.

“Professor Takayama and | were
classmates at university. The profes-
sor’s studies focused on the informa-
tion field while my research was on
the automated control of agricultural

machinery and other related subjects.
After graduation, | worked in ICT-relat-
ed companies and other companies
for several years. Later, when | was a
director and working in management
at an agricultural venture, Professor
Takayama consulted me about the
creation of a start-up. Once | heard
his business plan, | could immediately
see the potential for PLANT DATA’s
technologies. Accordingly, in 2015
| became the President and CEO of
PLANT DATA, with the goal of making
use of my experience in business to
help the company grow.

Quantifiable measurement of the
plant’s photosynthesis

A pillar of PLANT DATA’s business is
the provision of services that measure
biological information about plants
and utilize the data to manage cul-
tivation. Kitagawa states that, “The
core of our technology is to measure
biological information, so in a sense to
listen to the voices of plants, and then
to visualize their condition.”

One of the measuring methods is the
measurement of chlorophyll fluores-
cence. This technique measures the
function of the chlorophyll in plants
and algae. Chlorophyll acts during
photosynthesis: It absorbs light
energy and decomposes water, and
then generates oxygen, electrons and
other components of green tissues.
In this process, around 80% of the

https://www.tut.ac.jp/english/newsletter/



absorbed energy is used, and the
leftover energy is discharged as heat
or red light called “chlorophyll fluo-
rescence.” Imaging this chlorophyll
fluorescence makes it possible to
quantifiably evaluate a plant's photo-
synthetic activity. This image-based
measurement uses an ‘“induction
phenomenon,” a process by which
the chlorophyll fluorescence inten-
sity changes over time after a plant in
darkness is illuminated with light.

”In the simplest terms, photosynthetic
activity reflects the plant’s ability to pho-
tosynthesize.” Even if not immediately
apparent, the plant’'s photosynthetic
capabilities may be reduced due to
stress from environmental changes or
disease. Quantifiably evaluating these
factors makes it possible to identify
problems early on and take action.
The induction method itself was de-
veloped many years ago. However, at
the time the depth of knowledge was
insufficient to use it for measurement.
“PLANT DATA is the only company
that has successfully commercialized
measuring instruments for use on ag-
ricultural production sites and utilized
the resulting biological plant data,”
states Kitagawa with confidence.

data on agricultural production
sites

Another measuring technique enables
the real-time measurement of photo-
synthesis and transpiration, or “pho-
tosynthetic performance.” According
to this method, plants are sealed in
a chamber, and changes in the CO,
concentration due to photosynthesis
and the rate that water vapor is
released through transpiration are
measured every five minutes.

I Collecting and using an array of

https://www.tut.ac.jp/english/newsletter/

“Even if a plant’s ability to photosyn-
thesize is high, it will vary depending
on the environmental factors, such the
amount of light, the CO, concentra-
tion, and the watering conditions. By
analyzing the measured data in com-
bination with the environmental data,
we can understand whether sufficient
photosynthesis is occurring, or not if
we can pinpoint where the problem
lies.” explains Kitagawa.

In addition to these technologies,
PLANT DATA offers an infographic
service providing research data on
plant growth to help farmers. Agricul-
tural production sites measure an ar-
ray of information: environmental data
including temperature, humidity, and
sunlight; labor information about the
status of workers’ tasks and informa-
tion about plant biology that PLANT
DATA made it possible to collect.
However, much of this information is
not being collected in the current con-
ditions. Also, there are no platforms
used to share the data with on-site
devices and systems in many cases.

“To meet this challenge, work is under-
way to select the necessary data from
the variety of information collected by
agricultural production sites, with plant
biology at its core, to enable analyses
using Al and other deep learning
technology. | expect that the kind of
information based on experience and
intuition which normally takes years to
develop will be now readily available
as quantified data. Disseminating this
knowledge will make it easier for new
farmers to enter the industry, and for
farms to expand. It is hoped that this
will contribute to the revitalization and
optimization of agriculture.”

The agricultural products targeted by
PLANT DATA are mainly plants such
as tomatoes, cucumbers, eggplants,

A5 3UsT0RERY

Detecting the harvest time of strawberries using
image recognition

Research Highlightg

peppers, and strawberries cultivated
in large, advanced greenhouse fa-
cilities, called “Netherlands-style
farming.” Recently, Kitagawa has also
been consulted regarding measure-
ments for decorative plants. “The tar-
gets can be any plant whose cost and
effort to manage makes it worthwhile.”
he says.

The company set up a subsidiary in
the Netherlands, which is a leading
agricultural country, and also worked
on test measurements in Wageningen
University, a world-renowned univer-
sity in the field of life science. PLANT
DATA's quest to establish data-driven
agriculture has only just begun.

people who wish to start their

I Mr. Kitagawa’s message to
own business

Due to the impact of things such as
climate change and the pandemic,
society and the environment around
businesses are drastically changing.
This change can also be a great
chance to start new services. While
even some large companies are un-
able to respond to this change, the
agile decision making of new ventures
may work to their advantage.

Note however that starting a business
is a means, not an end. Going forward,
| expect human resources with engi-
neering capabilities, like the students
of KOSEN (National Institute of Tech-
nology) and universities of technology,
will be in high demand, so they should
carefully consider which path to take
to achieve their goals. One advantage
of starting a business is that you are in
a position to weigh for yourself the bal-
ance of accelerating the attainment of
your goals against the resulting risks.
University-originated new ventures are
specifically backed up by technology
and science, which is a tremendous
advantage for them. | recommend
entrepreneurship for those people
whose dream is to rapidly make their
research achievements useful in
society.

Profile

Hiroto Kitagawa

CEO, PLANT DATA Co., Ltd.

Field of Business: Business Development/
Agritech/ DX/ 10T/ ICT
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Making bio-gas power generation more accessible

towards a carbon-free and recycling-oriented society

Yoichi Atsuta

Renewable energy sources are increasingly being introduced
as a means to achieve carbon neutrality. Among them, bio-
mass energy sources are able to contribute to a carbon-free
society and the effective use of waste, an issue that is attract-
ing public attention. Toyohashi Biomass Solutions is involved
in the bio-gas power generation-related business using waste
biomass. They are working to ubiquitize bio-gas power gen-
eration through the development of ultra small plants, new
technologies that improve the profitability of the power genera-
tion business, consulting with people about the introduction of
biomass solutions, and other activities. We interviewed Yoichi
Atsuta, the president of the company, about the key points of
their technology and the society they aspire to establish.
Interviews and report by Akiko Seki

Harness the wind blowing toward
bio-gas power generation

Biomass is used to refer to renewable
biological organic materials that are
not fossil resources. Biomass power
generation is positioned as a renew-
able energy. It is generated by the
direct combustion or gasification of
wood biomass or by using bio-gas
extracted from waste biomass such
as livestock excrement, food waste,
and sewage sludge through methane
fermentation and other means. Dr. At-
suta established Toyohashi Biomass
Solutions in May 2021 to operational-
ize bio-gas power generation plants,
related technologies, and introduction
consultations for bio-gas power gen-
eration methods. Dr. Atsuta told us
that he decided to start the business
because of changing social trends.

“Since around last year, the move
toward carbon neutrality has been
gaining momentum in Japan. This is a
tailwind for bio-gas power generation,
and | think now is the right time to in-
troduce our unique plant to the world.

Dr. Atsuta is a visiting associate
professor of Toyohashi University of
Technology’s Bio Research Center.
The company, which was established
on the premises of the university, is
certified as a venture originating from
Toyohashi University of Technology.

Methane fermentation (anaerobic
digestion) is a collective name for the
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reaction processes in which methano-
genic bacteria or other microbial com-
munities decompose organic matter
in anaerobic conditions to generate
methane and CO..

“Bio-gas power generation uses this
process to extract bio-gasses includ-
ing methane from livestock excrement,
food waste, etc. to burn the gas in a
gas engine. In addition to using waste
as an energy source, it can also use
the digested fluids after methane fer-
mentation as liquid fertilizer because
it contains a lot of nitrogen, potassium,
and other nutrients. Returning it to ag-
ricultural land will lead to the creation
of a resource-circulating society.”

Because of these characteristics,
bio-gas power generation has been
widely adopted in Europe, where eco-
logical awareness is high and there
are active agriculture and livestock in-
dustries. However, it has not achieved
great popularity in Japan because
it requires a complicated system,
expertise, and an initial investment.
Plant facilities are mainly imported
from Europe, and they are too big for
agriculture and livestock operators
in Japan, most of whom are running
small operations. These problems
must be resolved if bio-gas power
generation is to become ubiquitous.

The development of new technol-
ogy leading to ubiquitization

Dr. Atsuta has been very interested

in environmental issues since he was

a student. He began researching
methane fermentation technologies
after he took part in a bio-gas power
generation demonstration experiment
at a sewage treatment facility in Toyo-
hashi-city when he was a researcher
at Toyohashi University of Technol-
ogy. When Dr. Atsuta was researching
bio-gas power generation, he felt the
need to resolve the problems in bio-
gas power generation and launched
a consortium with GENECH, etc.,
which he had become familiar with
during the demonstration experiment.
They jointly developed a small bio-
gas power generation plant with a
generation capacity of 20 to 30 kW,
which is approximately one tenth that
of conventional plants, and began
selling it in 2016. The plants, which
are called Toyohashi-model bio-gas
power generation systems, have be-
gun operating at six locations to date.

Dr. Atsuta has also worked on the
development of new technologies.
One such technology is an ammonia
removal and collection system. During
a reaction during methane fermenta-
tion, nitrogen and hydrogen bind
together to generate ammonia. While
ammonia is essential for methane
fermentation, it inhibits fermentation
when the raw materials contain a lot
of nitrogen, which causes the am-
monia concentration to be too high.
Consequently, Dr. Atsuta developed
a technology that volatilizes ammonia
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to remove and collect it and is now
performing demonstration  experi-
ments. “Once this technology is put
into practical use, it will be possible to
use chicken droppings and other ex-
crement that contains a lot of nitrogen
to generate power, which means that
the number of use-cases for bio-gas
power generation will expand,” Dr.
Atsuta explained.

Another technology is the practical
application of plants that are even
smaller than the Toyohashi model.
“The Toyohashi model is small, but it
is still capable of processing 10 tons
of biomass per day and includes a
reinforced concrete fermenter. Many
food factories and other facilities gen-
erate only approximately 1 to 2 tons of
waste per day, so it is difficult for them
to introduce the system unless the
fermenter is made smaller. Because
the fermenter is made of reinforced
concrete, which requires construc-
tion, there is a loss of profitability as
the size decreases, so together with
Lemming Corp., we employed a
general-purpose tank made of FRP
as a fermenter and developed a plant
that can be installed at a low cost”

Toyohashi Biomass Solutions pro-
vides these ultra-small plants to its
customers. When customers require
larger plants, they provide services in
cooperation with the companies in the
consortium.

Supporting the power generation
gusiness using university-
originated technologies and
consultation

Toyohashi Biomass Solutions also
developed an auxiliary agent for
methane fermentation, as well as a
quality control method for it, jointly
with Komasuya Ltd. The auxiliary
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agent is generated through the lactate
fermentation of food waste. Inputting
an appropriate amount of the agent
into a methane fermenter cab lowers
pH, reduces the amount of ammonia
that is generated, and increases the
amount of bio-gas that is generated.

“Because bio-gas power generation
is included in the FIT (feed-in tariff)
targets, an increased volume of gas
generated will increase the amount
of power generated and purchased,
which leads to the improvement of
profitability”

One reason why bio-gas power
generation has not caught on is that
an advanced evaluation of its profit-
ability is difficult because the volume
of gas generated varies depending
on the type of waste used as the raw
material and other conditions. Dr.
Atsuta performed fermentation tests
with actually used raw materials and
helps customers plan their business
based on the bio-gas generation
volume forecasts and consultations
regarding compliance with laws and
other regulations.

The lifecycle of a power generation
business is calculated in units of 10
or 20 years. Dr. Atsuta also explained
that he was operating his business
from a long-term perspective.

“By accumulating best practices
through the support of both hardware
and software, including university-
originated technologies based on sci-
entific knowledge and consultations,
| want to increase the accessibility of
bio-gas power generation. | will de-
velop a cycle for regional resource re-
circulation in cooperation with people
in an array of industries, with the goal
of achieving a society that produces
less waste”

Reference

Promoting a System That Effectively
Utilizes Biomass from Organic Waste,
TUT Research No.11, Dec 2017

Dr. Atsuta’s message to people who
wish to start their own business

The important thing is to build con-
nections with people. | would suggest
that you connect with a wide range
of people in government, industry,
and academia. | have worked for a
long time with a view toward starting
my own business. However, | noticed
that there were a lot of things | did
not see because | was focused on
getting it up and running. It was a
long time before | started to feel that
| was able to handle my business.
However, because of that, | started my
business at the best time. Even if you
are ultimately unable to start your own
business, | believe the experience will
help you in the future.

Researcher Profile

Yoichi Atsuta

Visiting Associate Professor of Toyohashi
University of Technology, CEO of Toyohashi
Biomass Solutions,Co.Ltd.

Field of Business: Material Cycles and Waste
Management/ Environmental Science/ An-
aerobic Digestion
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Ideas and technology drive the creation of new
values

Ryusuke Yabuuchi and Haruka Takahashi

The “Tongali” - Tokai Network for Global Leading Innova-
tors - Project is an entrepreneurship education project
launched in 2016 by five national universities* in the Tokai
region of Japan. The project aims to revitalize industries
through the commercialization of university-developed
technologies and ideas by providing various programs
to foster and support entrepreneurs for undergraduate,
graduate, and postdoctoral students at universities in the
Tokai region. Two teams from the Toyohashi University of
Technology were awarded prizes in the Tongali Project’s
Business Plan Contest 2021. We interviewed the leaders of
the prize winning teams: Ryusuke Yabuuchi from the Caffet

* Nagoya University, Toyohashi University of Technology, Nagoya Institute of Technology,

team (winners of the Grand Prize), and Haruka Takahashi
from the INHAND team (winners of the Aichi Prefecture
Prize). We asked them about their plans and future vision.

Gifu University, and Mie University.

Interviews and report by Akiko Seki

Tongali business plan contest 2021
“Grand Prize” - Caffet

A service that brings together people
with the same goal for a friendly chat
over a cup of coffee  Ryusuke Yabuuchi

Connecting local cafes with

students
Because of the continuing COVID-19
pandemic, students have created
fewer connections with each other
on university campuses. Yabuuchi
himself struggled with this situation -
Since transferring from Ube KOSEN
(National Institute of Technology) to
Toyohashi University of Technology
(TUT) last year, he could join neither
live classes nor any club activities.

“While | was wondering what | could
do to create opportunities for students
to interact face-to-face, | discovered
that Aichi not only had a well estab-
lished cafe culture but that these
same cafes were also struggling with
a fall in the number of customers due
to the COVID-19 pandemic and the
aging population. That's when | came

] 6 TUT Research No. 27 November 2021

up with the idea of connecting local
cafes and students seeking to social-
ize” Yabuuchi said, explaining how
it all began. In November last year,
Yabuuchi attended Startup Weekend
Toyohashi, a startup workshop event
held at TUT for the first time. This
event led him to decide to make his
ideas a reality.

Yabuuchi’s team’s business plan is to
provide a service via a smartphone
app called Caffet. The app allows
members to announce and organise
social events at member cafes and
coffee shops for people with similar in-
terests and goals, and to order drinks
and other items at a discount using a
common cashless ticket. “It's a great
way to introduce people to new cafes.
| hope this app will help support the
income of cafes by increasing the
number of young customers, and at
the same time contribute to the revital-

User ENALLGS

¥ 400

5 %
M=

Exchange a cup of coffee for a ticket

ization of local communities.

B This service is already available

This service is already in business.
Thanks to crowdfunding and support
from the industrial support organiza-
tion Science Create in Toyohashi, the
service was launched on June 17,

2021. (https://caffet-official.com)

“Rather than use our time weighing
up the possibilities, we decided to
just go for it. In the contest, | think
we were evaluated not only on the
content of our plan, but also on our
ability to implement it”, said a smiling
Yabuuchi. The team plans to use the
one million yen Grand Prize activity
support fund to promote the app with
a view to nationwide expansion.

The Caffet team consists of seven
fourth-year undergraduate students.
Yabuuchi, Ikumi Fukitani, and Seiki

Exchange 350 yen
for a ticket

H
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Shibataka from the Department of Me-
chanical Engineering mainly manage
the relationships with cafes and ad-
ministrative tasks, and Yuushi Kontani,
Sota Sonohara, Yusuke Mikami, and
Tomoshi liyama from the Department
of Computer Science and Engineering
are in charge of app development.
“Caffet couldnt have become a
reality if it wasn't for the efforts of the
group as a whole. When | created a
start-up venture club, it was with the
feeling that if | could gather a group of
similarly motivated friends, we could
create a positive synergy.”

Yabuuchi is interested in management
as well as his university major. He
states, “After graduation, | would like
to start a business and create a com-
pany with the ethos that everyone can
actively contribute by doing what they
love.” Winning the award is a promis-
ing first step realising this dream.

Tongali business plan contest 2021
“Aichi Prefecture Prize” - INHAND

Development of an interactive presen-
tation service that can be controlled
via gesture

Haruka Takahashi

Seeking to solve online chal-

lenges
Due to the COVID-19 pandemic,
online classes and seminars have
become the new normal. While some
appreciate the benefits of online
learning, such as greater accessibil-
ity for people in remote areas, others
find it harder to share content than in
face-to-face classes. The latter case
was true for Takehiro Izumi, who like
Takashashi, was a fourth-year under-
graduate student in Professor Shigeru
Kuriyama’s laboratory.

Takahashi explains how this situation
led to them developing the INHAND
presentation software, the core of their
award winning business plan. “lzumi
noticed that he was finding it hard to
maintain concentration when faced
with a series of slides without experi-

https://www.tut.ac.jp/english/newsletter/

encing the energy of the speaker. With
this in mind, he had already begun
developing software to address this
issue. When | heard from Professor
Kuriyama about the contest, it felt like
a great opportunity to see where we
could take this idea.”

INHAND displays both the speaker
and the material on a single screen,
and allows the user to zoom in and
out, and page through, using hand
gestures. It can also display objects
in 3D on the screen and move them
with hand gestures, or display the
speaker’s face as a virtual avatar. For
a better idea of how the system works,
see the video on the website (https://
inhand.amebaownd.com/).

“This software is designed to work
with a video of the presenter filmed
from the knee up, which can easily
be achieved by standing at a suitable
distance from the built-in camera of a
standard laptop computer. By adding
this physical component, it is easier
for the speaker to deliver content ef-
fectively by adding body language or
changing the position of the speaker.
We augmented this effect by enabling
the speaker to control the program
with remote hand movements”

Expectations also rise for their

dispatch to SXSW
The development team is comprised
of five students from the Department
of Computer Science and Engineer-
ing-Takahashi is the team leader and
in charge of virtual camera technol-
ogy; Tsubasa Wakaiki, a second-year
doctoral student who is in the same
lab, develops 3D models and vir-
tual avatars; lzumi focuses on hand
gesture recognition technology; and
Hikaru Sugawara and Sho lwasawa,
fourth-year undergraduate students
in a different lab, are responsible for
the user interface. The team is now
learning how to develop the busi-

Inhand

Research Highlightg

ness potential of the idea through the
Tongali project. Currently, they are
working on specifications, and are
planning to release a beta version of
INHAND within the fiscal year.

“The software can be used for a variety
of purposes, including education, as it
can improve the quality of presenta-
tions by showing a combination of
documents and actual objects,” says
Mr Takahashi.

The team will not simply rest on their
laurels after winning the Aichi Pre-
fecture Prize. In fact, they have been
selected to compete in the Interactive
category of South by Southwest’s In-
novation Awards. South by Southwest
(SXSW), one of the world’s largest
technology startup events, is held
every March in Texas, and is known
as a gateway to success for technol-
ogy startup businesses. “The chance
of participating in SXSW was part of
our original motivation for entering the
Aichi contest, so it would be great if
the whole team get to go to the event.
We certainly expect to grow from
the experience of how INHAND is
received in the States, as well as what
we can learn from other participants.”
says a confident Takahashi.

In his studies, Takahashi has been
pursuing the development of artificial
intelligence to support human creative
activities. “Developing INHAND has
been a great experience for me, as |
have been able to interact and con-
verse with many people, which has
also helped me in my Al development.
The process of interviews that followed
our victory made us realize afresh that
there are some things that can only be
learned by taking on challenges.

Researcher Profile

Ryusuke Yabuuchi

Undergraduate student (4th grade), Depart-
ment of Mechanical Engineering

Granduated KOSEN: National Institute of
Technology, Ube College

Haruka Takahashi

Toyohashi University of Technology.

Doctor course student (1st grade), Depart-
ment of Computer Science and Engineering
Granduated KOSEN: National Institute of
Technology, Anan College
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Pick Up

| TUT student Entrepreneurship Club “Take Off” is up and running!

With the formation of “Take Off” in July 2021, TUT now has a student Entrepreneurship Club for the first time in its 45-year
history .

The three founders of the club are Ryusuke Yabuuchi and Ikumi Fukiya, who won the Grand Prize in the Tongali Business Plan
Contest 2021, and Keiichiro Maegawa, who won the Excellence Prize (second place) of the same contest in 2020.

TUT students with an interest in entrepreneurship will network with local entrepreneurs and supporters, share ideas and hold
workshops several times a month on a regular basis. Student business contests and other events are also planned with the
aim of deepening interest in and understanding of new businesses and startups, and to foster a can-do mentality and a
proactive approach to realizing business ventures.

More than 20 students participated in the club’s inaugural event, with a lively discussion with local entrepreneurs and sup-
porters about their business ideas and future dreams.
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