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Ei-ichi Negishi

“I hope researchers can learn
how to independently identify
new topics to challenge,
avoiding attachment to the past”

Interview

Ei-ichi Negishi
“I hope researchers can learn
how to independently identify new topics to challenge,
avoiding attachment to the past”

Ei-ichi Negishi
Awarded the 2010 Nobel Prize in Chemistry
Daikin Industries Fellow
Born in Changchun city, Jilin Province, China, in 1935, he attended Kanagawa Prefectural Shonan High School before entering the University of Tokyo. After graduating in 1958 with a Bachelor of Engineering in applied chemistry, he joined Teijin, Ltd. In 1960, he won a Fulbright
Scholarship and commenced studies for a Ph.D. degree at the University of Pennsylvania. Since 1999, he has been a Distinguished Professor in
the Herbert C. Brown Laboratory of Chemistry at Purdue University. He also has honorary doctorates from the University of Pennsylvania and
the University of Tokyo. He has lived in the United States for 50 years, and is married with two daughters and four grandchildren.

The sciences are currently undergoing dramatic transformation worldwide. This is also the case in front-line
research, where the speed of change now is incomparable
with the past—various shifts are apparent over just a 10 or
20 year period.
For example, at this point in time, there is only a slim
possibility that a scientist in China might win a Nobel Prize,
although it is not unthinkable. However, this is a consequence of where and what kind of education they received
20 or 30 years before, so this situation is changing quickly.
For over 10 years now, China has sent its talented scholars to the West, in particular to the United States. In my
research laboratories, we have welcomed more than 100
post-doctoral researchers from many countries, and nowadays, we could not have progressed in our research without
the talented researchers from China. Those recognized as
the greatest ever are also Chinese.
The reason I consider them to be the greatest is that they
can independently decide upon topics for research, identifying projects on their own, which they then suggest to me. No
matter how intelligent a person is and how well they perform
experiments, their efforts are of little value if they can only
follow the professor’s instructions. With such research, the
only person who will receive credit is naturally the professor who assigned the topic. To begin with, it is important to
have a basic idea of how to do something and what to check
for—this is an essential criteria for becoming independent.
Of course, it is rare to encounter such a person—perhaps
fewer than one in a hundred. Unfortunately, I feel that,
even among the post-doctoral researchers who come to me,
those from Japan lack the ability to put their own ideas into
action. Even with researchers, Japanese people place too
much emphasis on the opinions of their superiors and on
maintaining harmony. Consequently, if the situation doesn’t
change, a large question mark looms over the possibility for
Japanese scholars to win a Nobel prize.
Scholars and researchers live in pursuit and discovery
of the truth, which is naturally very important. They then
consider how what practical value it has, and how to use
it. Viewed from this perspective, China faces a challenge.
Because China is a large country with a large population, it

is extremely difficult logistically for government officials to
ascertain the ranking of different researchers. Consequently,
they have devised a formulaic method to assess this. If
researchers perform certain work and produce a paper,
the coefficient assigned according to the ranking and value
of the journal that publishes the paper is used to assign a
numeric value to that researcher. This is the method used
in China. While some feel that this is an objective and fair
system, I believe that is very risky. Young researchers may
aim to perform research not for its own sake but to gain
points. Candidates for an associate professorship in China
are assessed according to these points. This trend seems to
be growing, and apparently, there are cases where candidates are not even interviewed. I hope this trend does not
bring negative effects to the field of science in China.
For Japanese researchers, meanwhile, there lies a risk that
they may become too attached to their past success, and it is
common for them to be at a loss when it comes to deciding
what to tackle next to aim higher. While they may be good
at study, proud of themselves, and capable in a practical
sense, they are weak in terms of originality and creativity. It
is important that they learn how to independently identify
new areas to challenge.
The question is how to overcome this hurdle. I try not to
attach too much importance to what I have achieved up to
now. We must avoid attachment to the achievements of the
past, shelve things when we hit a dead end, and always shed
conventions. We also need to free ourselves of internal
context in order to achieve a breakthrough. What we need
now is the ability to constantly shed conventions and realize
such breakthroughs. D
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Taking on challenges in new fields

Collaborative
Innovation at T I C

A world-first system through collaboration with NEC
Building an indoor environmental control system
that improves intellectual productivity
Control that matches the person's various states

Since opening in 2015, the Technology and Innovation Center (TIC) has engaged in various types
of collaboration with other industries and fields as the control tower for Daikin’s technological
development. In particular, the collaborative innovation featured in this issue represents major
challenges focused on state-of-the-art artificial intelligence (AI), in anticipation of future needs.

Using AI to create highly productive spaces

For people who spend most of their time indoors each day,
achieving a healthy indoor environment can be considered a
key theme for maintaining health and improving intellectual
productivity. However, since the ideal space varies depending on individuals’ physical and emotional states, as well as
the type of work they perform, conventional one-size-fits-all
environmental control cannot easily create spaces that are
conducive to maintaining health and improving intellectual
productivity. But what if we combined Daikin’s technologies,
which adjust air to the most comfortable level, as well as
Daikin's knowledge of the effects that air and space have
on people, with NEC Corporation’s technologies related to
AI and the Internet of Things (IoT)? Would it be possible to
solve these issues and achieve air and space characteristics
that suit individual needs? With this goal in mind, the two
companies embarked on a joint collaborative project in
October 2016.

Stimuli to the five senses, 			
such as temperature changes and aroma,
greatly affect work efficiency
Utilizing the TIC offices and conference rooms, the joint
research project will estimate test subjects’ mental and
physical states (such as alertness) and create an environmental control schedule for optimizing them. In this way,
the project aims to achieve a next-generation intelligent
environmental control system that will help improve people’s
intellectual productivity.
The figure at the top of page 3 shows part of the experiment that has been conducted so far. Biometric sensors,
cameras, and environmental sensors were positioned inside
a room to collect data on a regular basis. The collected data
was used to analyze the relationship between the alertness of
the person present inside the room and the environment there.
The test subject was a male in his thirties who was asked
to do mental arithmetic (with each set consisting of 50
mental arithmetic addition problems). The test was repeated
a total of seven times with approximately five minutes of rest
in between.
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● Environmental condition 1: Temperature inside the room
kept constant at 27℃, no aroma.
● Environmental condition 2: 27℃→ 20℃→ 27℃, no
aroma. Temperature setting was changed at the start of the
second and fifth sets.

Example of an experiment to test the relationship
between environmental control and alertness

①Estimating the
person’s state

Facial
image
Voice

Utilizing sensing
means in which the
two companies excel
to take on the challenge of estimating a
person’s intellectual
productivity.

Using an AI engine
to analyze the person
and space
Biometric
information

Pulse
wave
Temperature,
humidity, and
environmental
information

Concentrating
Tired
Sleepy, etc.

Collection of human and environmental information

● Environmental condition 3: Temperature kept constant at
27℃, no aroma → aroma → no aroma. Aroma was sprayed
for 30 minutes starting at the start of the second set and
ending before the start of the fifth set.
This experiment produced results showing that providing
the test subject with environmental control (temperature
stimulus and aroma stimulus) that stimulated the five senses
changed his alertness, which in turn can improve his work
efficiency. The plan for the future is to carry out further
research while incorporating the opinions of company

②Spatial control tailored
to each individual
Utilizing Daikin’s technologies
for controlling such characteristics as air conditioning,
aroma, and lighting, together
with NEC’s AI forecasting and
control technologies to take
on the challenge of achieving
a space that maintains a high
level of intellectual productivity.

managers and researchers in architecture and brain science
fields. This research will cover such subjects as on-site
verification with the simulated tasks replaced by real tasks,
and improvement in the completeness of automated control
through the use of AI and IoT. This type of research is a
new genre for the world, and the project team members,
including Toru Nishino, are energetically continuing with
experiments in the hope of completing new indexes for air
and space that can be utilized in a variety of fields, according to need. D
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N T T West×T I C

air-conditioning network
Collaboration related to

New air-related service
based on LPWA technology

In order to satisfy the changing needs of social infrastructure, a collaborative project to create a new air-related value
started last autumn. This project utilizes IoT and capitalizes
on Daikin’s air-conditioning technology and NTT West’s
LPWA technology (general term for low-power wireless
communication technology that enables km-range
communication).
In the trial, air conditioners located in western Japan,
where TIC is located, are connected to NTT West’s LPWA
network in order to constantly monitor their operating
statuses, as well as indoor and outdoor air-conditioning
information. If such a system comes into wide use, it will
become possible to inexpensively keep a subscriber’s air
conditioner consistently connected to a remote monitoring
center, enhancing air conditioner maintenance service.
Furthermore, there is a great expectation that the project
might lead to the creation of new services that flexibly
utilize various types of information sensed by the air conditioner, such as temperature, humidity, wind velocity, and
cleanliness of the inside and outside air. D

System configuration of the trial
Daikin Industries

NTT West

Air conditioner
communication

Indoor unit

LPWA

Outdoor unit

Cloud

LPWA base
station

Data analysis

NTT West / Daikin Industries
Utilizing an LPWA network to keep air-conditioning equipment
consistently connected to a remote monitoring center shortens
the time required for identifying failed equipment, diagnosing
failure details, and handling sudden accidents.
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Latest
Research
at TIC

Aiming for collaboration in the development of new technology

llaboration
Big data analysis and co
mfort
in pursuit of creating co

Accelerating processes,
such as repair of air-conditioning equipment

Overview of operation through collaboration
Example of pre-selecting parts toward on-site repair

Daikin

ABEJA Platform
Data analysis
Machine learning

Service station
Arranging
a service call
From failure
information

Deep
learning

AI
engine

Accumulated data, such as
information on eﬀective
repair measures
implemented in the past

On-site repair ﬂow

Displays
appropriate
repair parts
Experience in performing repair work
(selecting a repair method and required parts)
Service
engineer

Repair request
Entering information when a
repair request is received

Parts selection
AI selects the repair method and
the required parts based on
past repair information

Arranging for parts
On-site work

Utilizing ABEJA’s AI engine, machine learning is carried out based on Daikin’s
information on effective repair measures implemented in the past. For example,
a system could be constructed that would display correct repair parts when the
information available at the time of repair request is entered.

In June 2016, Daikin, primarily through its TIC, began
cooperation with ABEJA, Inc., a venture company that
specializes in application of deep learning to business learning. Deep learning is a type of machine learning and refers
to computing technology in which AI uses data entered into
a computer as experience in order to derive an answer to a
problem on its own. By analyzing various types of information accumulated within the company through the use of
the deep learning ABEJA excels at, Daikin aims to achieve
highly improved and even more efficient operations via AI.

Using AI’s learning ability 				
to provide more accurate and faster service
Both companies have long considered expanding possibilities through collaboration between air-conditioning
technology and AI. Therefore, the two companies began
a discussion about how to implement this collaboration in
2014 and their first project involved applying their expertise
to service operations.
For example, repair of air-conditioning equipment relies
greatly on the experience level of the service engineer. The
service engineer selects a case considered similar to the
present situation from among past cases to determine the
repair method and the required parts. However, if AI can
be introduced here, it can automatically and quickly retrieve
the failure cause and conditions from a massive amount
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of case history data, to make a more accurate decision on
the repair method and the required parts. Since responses
to telephone inquiries will also become more accurate,
dramatic improvements in the quality of service can be
expected. Now, one year after the start of collaboration,
service engineers are using this system on a trial basis and
the process is being observed.
It will also become possible to predict cases that
might require repair, which could quite likely lead to the
development of more reliable products.
Yoshihisa Toshima, Deputy General Manager, and
Takanori Ogura, the Team Leader of the Telecommunication
Group, both say they hope to pour resources into kotozukuri
(making things happen), which creates new values for
customers and society, in addition to monozukuri
(manufacturing). TIC’s collaboration with other industries
and fields are expanding further toward the future. D

Daikin’s air conditioning technology increases
agricultural product yields

Japan’s food self-sufficiency rate is
38%＊1, one of the lowest among developed countries. The number of farming
households decreases each year, and its
population is aging, with currently 65%
of the 1.92 million agricultural workers
aged 65 or over＊2. The Ministry of Agriculture, Forestry and Fisheries and the
Ministry of Economy, Trade and Industry
deemed that, in these circumstances,
the introduction of industrial technology
is indispensable. In 2009, it decided to
grant subsidies to the "plant factory" project. Although this action was previously
vigorously adopted, as they have tried to
increase its scale, many companies are
withdrawing due to losses incurred.
The Osaka Prefecture University
Optimized Air Conditioning System
Project, launched in 2011, is one such
business. Toshiro Ino (Senior Engineer,
Technology and Innovation Center),
who has been involved since the launch,
believed that by incorporating Daikin’s
air conditioning technology, it would be
possible to achieve efficient simultaneous
cultivation of multiple crops.

Increasing yield of the plant factory
through construction of 		
a combined air conditioning system
Conventional plant factories have
rarely paid close attention to air conditioning. Growth of plants requires a light
period for photosynthesis and a dark
period of rest. Temperature and humidity vary considerably, and conventionally
have been adjusted using a dehumidifier
and air conditioner, but this incurs excessive costs for energy. Ino constructed a
"combined air conditioning system" using
general-purpose air conditioning.
During the dark period, humidity is
removed by continuously running a
medium temperature air conditioner, and
during the light period, the system uses
high temperature air conditioning,
maintaining the optimum humidity for
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In cases where fluorescent light was
used as the light source, humidity
varies from as low as 30 to 40% in the
light period, to nearly 100% in the
dark period (center). Ino explains,
"Although we can make air conditioning exclusively for plant factories, it
costs too much, so the project would
be unsustainable." Adjusting for this
variation using the "combined air conditioning system" (left) that combines
Daikin's air conditioning technology
will increase the growth rate of plants
and increase also the yield.

Combined air conditioning system

Improvement of humidity environment, and
energy saving by combining air conditioners
of diﬀerent characteristics
NEW

Combined air conditioning system

Air
distribution
system

Crop B
Crop C
Crop A
Cultivation line Cultivation line Cultivation line
（15℃）
（20℃） （25℃→5℃）

Conventional
system

Combined
air conditioning
system

Using a medium
temperature air
conditioner

Air conditioning
combining medium and
high temperature devices

Improvement
：Medium temperature air conditioner
：High temperature air conditioner

Temperature and humidity inside the plant factory
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A B E J A ×T I C

At TIC, we are advancing and realizing various technological developments through "collaboration" with businesses
and universities. Here, we will look at three examples from
among a number of research projects. Perhaps Daikin’s
air conditioning technology can bring about unexpected
chemical reactions through collaboration.
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Taking on challenges in new fields

Collaborative Innovation at T I C

Temperature(℃)

plants of 60 to 70%. Furthermore, this is
used in combination the air distribution
system developed by our research partner
to maintain an air speed which is optimal
for opening of the stomata of plants and
to encourage photosynthesis, helping to
realize an optimum environment for
plants. This technology has been proven
to increase yields in comparison with
conventional cultivation environment
systems. The temperature, humidity, and
wind speed can be set to suit each area,
thereby allowing crops requiring different
cultivation temperatures to be grown in
one place. Being able to grow multiple
crops in one greenhouse offers significant
benefits. “It may seem unnatural at first
glance. However, if the globalization of
Daikin’s air conditioning for “things”
advances and a plant factory using this
system is realized, plants can be cultivated even in regions where agriculture is
difficult, such as extremely cold locations
or the desert,” says Ino, his eyes lit up
with excitement. D

Relative humidity (%RH)

High-cycle high-speed plant factory (illustration)

Reporter of “Plant Factory”
Toshiro Ino

Senior Engineer
Technology and Innovation Center
Preparations are
complete for business
development of the
achievements worked
on with universities and
corporate consortia. We
aim for these projects
to leave R&D and be
applied practically.

Inquiries: challenge@daikin.co.jp

＊ 1 Food self-sufficiency rate on a caloric basis, from the Ministry of Agriculture, Forestry and Fisheries (MAFF) report “Food Self-Sufficiency in Fiscal 2016”
＊ 2 From MAFF “Statistics on agricultural labor force” (fiscal 2016)
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Latest
Research
at TIC

We strive to generate innovation through mutual activities which transcend both internal division lines and also the
framework of Daikin itself. We will introduce some of the research presented at TIC between July 2016 and
September 2017. Through this, we aim to encourage new themes of collaboration for technology development.

Increasing the non-stickiness of fluorine
and application in the medical field

CF2 CF2

New materials with high anti-fouling
function which offer blood compatibility
and antibacterial properties
Protein adsorption tests, platelet
adhesion tests, and Escherichia coli
adhesion tests were carried out to
prove the anti-fouling properties of
p4FVP. PET substrate and p4FVP 66
(VP 66 mol%) were submerged in the
culture solution of Escherichia coli for
12 hours. As a result, the first E. coli
surface coverage rate was 12%, while
the latter was 2% or less. Suppression

CH2 CH
N

O

Poly (tetrafuluoro ethylene-co -vinyl pyrrolidone）(p4FVP)

Left: The molecular structure of
p4FVP containing the hydrophilic unit of vinyl pyrrolidonp
(VP). Right: Escherichia coli
adhesion tests. When B is
coated with p4 FVP, little bacteria become attached.

Figure 1 : Chemical structure of p4FVP

of bacteria adhesion increased markedly. Application of p4FVP with
higher anti-fouling properties than
previously is expected to be applied to
various products that require biocompatibility. This is the result of joint
research with Doctor Tsuyoshi Ando
and his colleagues from the Nara
Institute of Science and Technology. D
A

B

C
Coverage, %

pyrrolidone (p4FVP, figure 1).

Micro flow channel chips, which
are used for DNA testing, are not only
utilized in the medical field, but also
in food management and other areas.
The surface of these micro flow chips
is coated with a fluorine material
which possesses anti-fouling function.
Efforts are focused on non-stickiness
of fluorine to resolve the problem of
clogging through contact with the
biological components, such as blood.
A new coating material was created
by altering the structure of some
molecules and combining this with
poly tetrafuluoro ethylene-co-vinyl

working on a future development
research program on "Development of
magnetic material technology for high
efficiency motors for next generation
automobiles," which was outsourced
by the New Energy and Industrial
Technology Development Organization (NEDO). Until now, there was
no technology to measure iron loss
itself (figure 1). Nakagawa and his
colleagues visualized the iron loss by
measuring the magnetic field—put1.5

Rotor

B[T]

Stator

0

Minor loop

Ball Bearing

(

Motor input
voltage,
current

(

)

Iron loss

Motor output
torque,
revolution speed

)

Copper
loss
Red letters: measurable
Mechanical Blue letters: unmeasurable
loss

Iron loss = motor input − motor output − copper loss− mechanical loss

Figure 1 : Conceptual diagram of iron loss calculation method
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Figure 2 : Hysteresis curve

Nakagawa, et al.: “Proposal of a new method for
motor iron loss measurement”, Joint study group of
the Institute of Electrical Engineers (rotary machine,
linear drive, consumer electronics, public welfare),
RM-17-08, LD-17-80, HCA-17-47, pp. 47-52 (2017)

Academic Paper
Title of paper

Paper/Proceedings

Presentation date

Formation of Recording Pit in Holographic Polymer Medium by a Nanosecond
Single Laser Pulse by Using Stepwise Multiphoton Absorption

The Institute of Electronics, Information and
Communication Engineers

March 2017

Paper/Proceedings

Presentation date

Accuracy Verification of Thermal Load Estimation using Prior Information and
Short-term Measurement Data

International Conference
Title of paper

The Society of Heating, Air-Conditioning and Sanitary April 2017
Engineers of Japan

3-D Magnetic Field Analysis Taking Account of Anisotropic Magnetic Hysteresis The 11th International Symposium on Linear Drives
Property of Electrical Steel Sheet
for Industry Applications

September 2017

The New Variable Refrigerant Flow System Models in EnergyPlus: Development, Building Simulation 2017
Implementation, and Validation

August 2017

14

Evaluation of Performance for Heat Pump System using Low GWP Refrigerants
in High Ambient Temperature

12th IEA Heat Pump Conference

May 2017

12

Evaluation and Development of Air-conditioners using Low GWP Refrigerant

12th IEA Heat Pump Conference

May 2017

10

Where Is the Air-Conditioner Industry Going ?

2017 IWCC Joint Meeting

May 2017

3-D Magnetic Field Analysis Taking Account of Magnetic Hysteresis of Electrical
Motor Core under Inverter Excitation

IEEE International Magnetics Conference INTERMAG April 2017
Europe 2017

Application of Dynamic Explicit Fem to Quasi-static Deformation Analysis of
Large-Scale Nonlinear Model

The 12th World Congress on Computational
July 2016
Mechanics (WCCM XII), The 6th Asia-Pacific
Congress on Computational Mechanics (APCOM VI)

Long-Term Behavior Simulation of Fluoropolymer Gasket for Automotive
Lithium-Ion Battery

The 12th World Congress on Computational
July 2016
Mechanics (WCCM XII), The 6th Asia-Pacific
Congress on Computational Mechanics (APCOM VI)

16

8
6
4
2
0

PET

p4FVP66

Figure 2 : Adherent bacterial images on PET
substrate (A) and p4FVP34 coatings (B). Coverage
area of bacterial adhesion on the PET and p4FVP66.
***p < 0.001 vs. PET. Incubation = 37 ℃, 12 h. Image
magnification = 2000. Bar = 20μm.
Quoted from the Adhesion Society of Japan 55th
Annual Meeting

New measurement method for motor iron loss transforms inverters
Being able to further reduce the
iron loss of the motor resulting
from inverter excitation is the key
to improving the performance of
the motor. Michihiro Nakagawa of
Technology and Innovation Center
and others who are involved in the
Technology Research Association
of Magnetic Materials for HighEfficiency Motors (Chairman: Kazunobu Ohyama) devised a new method
to measure iron loss while they were

Recent External Presentations

Others

Title of paper
Paper/Proceedings
Heat Pump Performance for Demand Response Program in the United Kingdom 2017 JSRAE Annual Conference
Second Report: Summary of Smart Community Demonstration Project in
Manchester, UK - The Outcome

Presentation date

Smart Environment Control System for Productivity Improvement Using AI and 2017 SHASE Annual Conference
IoT (Part 1) A General Evaluation Index for Various Indoor Environment Controls

September 2017

The Simple Heat Load Estimate Method Using Short-Term
Actual Survey Data

2017 SHASE Annual Conference

September 2017

September 2017

Based on Bayesian Estimation Certainly Seeming Estimation and Prediction Study 2017 SHASE Annual Conference

September 2017

ting a sensor in the motor and recording the hysteresis curve (figure 2).
By doing this, it became possible to
visualize the minor loop corresponding to the iron loss increase (carrier
loss) due to inverter excitation.

Effects of Ambient PM2.5 Collected from Asian Cities Using Cyclone Technique The 58th Annual Meeting of Japan Society for
on Human Airway Epithelial Cells
Atmospheric Environment

September 2017

The Fan Motor Driver Development System for Air Conditioner

JIASC2017

August 2017

Smart Environment Control System for Productivity Improvement Using AI and
IoT (Part 1)
System Concept and Basic Evaluation

2017 Summaries of Technical Papers of Annual
Meeting

August 2017

Proposal of a New Method for Motor Iron Loss Measurement

Joint Technical Meeting on Rotating Machinery, Linear August 2017
Drive and Home and Consumer Appliances, IEE Japan

Attempting to visualize carrier loss and
address issues in the motor industry

The Latest Trend of Air Conditioning System for Plant Factory
- To Achieve Profitable Plant Factory Business -

The Society of Chemical Engineer Japan

Carrier loss (iron loss caused by the
inverter) accounts for more than 10%
of iron loss. In the past, the main way
to reduce iron loss was to change the
material. However, when iron loss
and carrier loss are visualized, it
becomes possible to try various
improvements to inverter waveforms,
switching, etc. while monitoring the
waveform of the hysteresis curve, and
thereby conducting evaluation. This
results in more efficient motor production, and leads to improvement of the
inverter, which is a core technology
for Daikin Industries. D

July 2017

High Anti-biofouling Property of Poly (Tetrafluoroethylene-co-vinyl Pyrrolidone) 55th Annual meeting; The Adhesion Society of Japan June 2017
Coating
Influence of Pellet Shape on Flowability of Resin Pellet

22th Conference on Computational Engineering and
Science

May 2017

Supercooling Dependence of Nucleation Rate of Poly (vinylidene fluoride/
tetrafluoroethylene)

66th SPSJ Annual

May 2017

Development of Measurement Technique of Magnetic Steel Losses Excited by
Inverter

2017 JSAE Annual Congress (Spring)

May 2017

Development of Measurement Technique of Three-dimensional Demagnetization
Distribution in Permanent Magnets for Motors

2017 JSAE Annual Congress (Spring)

May 2017

Development of High-Efficient Motor Loss Analysis Evaluation Technique using
a Magnetic Bearing.

2017 JSAE Annual Congress (Spring)

May 2017

Fullerene Derivatives as Acceptor Materials for Organic Photovoltaic Cells

121th The Society of Graphite Compounds

May 2017

Fluid Analysis for the Development of a Micro Hydropower System
- Analysis Case Example of a Pump as a Turbine -

Foundation for Computational Science

March 2017

Development of Super Multi-bit Recording Material with Aim of 10 TB Optical
Disk in IoT Society

the 97th CSJ Annual Meeting

March 2017

3-D Magnetic Field Analysis with Magnetic Hysteresis of Electrical Motor Core
under Sinusoidal Excitation

2017 Annual Meeting IEEJ

March 2017

Signal Noise and Thermal Analyses in the Current Detection Circuit of an Air
Conditioner Inverter

2017 Annual Meeting IEEJ

March 2017
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Sleep

Did Ancient People Wander
through a Mystical World
Each Night?

In modern times, people have strayed
from the natural human instinct of sleep.
We need advancements in the scientific approach to sleep.

Why do humans sleep? The answer
to this question is clear: sleep is
instinctive and is indispensable for
the restoration of the body’s functions. Sleep is essential for human
life. However, in ancient times, sleep
was considered closer to death than
to life, and was general thought of
as a state of apparent death. This
theme is also apparent in Hypnos,
the Greek god of sleep, who is brothers with Oneiros, the god of dreams,
as well as Thanatos and Moros, gods
of death. During sleep, the spirit was
believed to leave the body, roaming

In ancient times, sleep was considered to be similar to death.
The aesthetic of “sleep” depicted in paintings by 19th century British artist
Edward Coley Burne-Jones is a vivid reminder of this.
The history of sleep research is still short, and major progress has only been
made since the 20th century.
Now in particular, focus has turned to the necessity of good quality sleep
for maintaining health.

Many extravagant beds
have been excavated from
royal tombs such as
that of Tutankhamun.
Ancient Egyptian beds are said to
possibly be the model for the beds of
today—many have been found, including simple beds made from woven palm
leaves, as well as beds decorated with
ebony, gold, and ivory. The photograph
shows the bed excavated from the tomb
of Tutankhamun, distinctively decorated
with animal carvings.

The Sleeping Cat carved into
Nikko Toshogu Shrine
is a symbol of peace
The Sleeping Cat carved into Nikko Toshogu
Shrine, in Tochigi Prefecture, is said to have
been carved by Hidari Jingoro, in the hope of
protecting Tokugawa Ieyasu. Another explanation rests on the premise that sleep represented
peace, in that the reign of the Edo Shogunate
was said to be “so peaceful that even cats
could sleep.”

between this world and the heavens.
The things that the spirit experienced
there became dreams, and if the spirit
did not return, this was interpreted to
mean death.

Although sleep was the state
of rest shared by everyone,
people partook of it under
different conditions.
The ancient Greek philosopher
Aristotle already developed a physiological explanation for sleep, considering it a periodic phenomenon for
recuperation from fatigue that was
only seen in animals. Aristotle said
that sleep was time allotted to all
people. But sleep environments, the
places and bedding used for sleeping,
have varied considerably through the
ages, in each country, and depending
upon social status, and many details

Dublin City Gallery The Hugh Lane
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Sleep

Sleep = a state of apparent death

Human Knowledge

8

Human Knowledge:

remain unknown.
For example, it is said that beds
were invented in ancient Egypt;
however, it is not clear how they later
spread. In Japan, there is evidence
that bed-like furniture made from tree
logs was once used. The covering
used also differed from that used in
the West. Tatami culture was born in
the Nara Period (710 – 794A.D.),
while during the Heian Period (794 –
1185A.D.), multiple tatami mats would
be stacked up to make a bed.
However, this was limited to the
Imperial and aristocratic families,
while farmers usually wrapped themselves in straw to sleep. For centuries,
the sleeping environment for people of
lower social status did not improve. It
was not until the Meiji Period (1868 –
1912A.D.) or later that the use of
cotton bedding became widespread. D

It could be said that for half of our lives,
there is no difference between
those who are diligent and
those who are lazy. This is
because all of us sleep
for half of our life.
Aristotle
One of the greatest Western philosophers, alongside Socrates
and Plato. He was active in the fourth century B.C., and is said
to have significantly influenced Islamic philosophy, medieval
Scholasticism, as well as modern philosophy and logic.
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Sleep disorders and
lifestyle-related illness
Lack of sleep and sleep disorders
Obesity

Herbs are said to be effective in relieving insomnia,
and are drank as infusions. The ancient Egyptian
queen, Cleopatra, is said to have drank chamomile infusions as a sleeping aid. It is said that of
all varieties of chamomile, German chamomile is
particularly suited to infusions.

Increased risk of developing a lifestyle-related
illness and worsening of symptoms

Old techniques used to make
sleep comfortable,
such as mosquito nets,
which keep away insects
but allow air to flow

The 20th century beginnings of
understanding sleep

Records of mosquito nets exist from 1300
years ago, however their manufacture in
Japan is said to have begun in earnest
during the Nara Period. However, these
were luxury items that were not available
to common people until the Edo Period.
One is depicted in the Picture of Women
Overnight Guests by the Japanese ukiyo-e
artist Kitagawa Utamaro.

Serious Research into Sleep
Began with the Discovery
of REM Sleep

In 1953, Doctor William C.
Dement and his team at Stanford
University discovered REM sleep,
which suddenly threw the spotlight
on sleep medicine. Human sleep can
be divided into periods of light and
deep sleep, which is now understood
to relate to what was recognized as
REM and non-REM sleep. The characteristic of REM sleep, which we
call “light” is that we are in a state
of wakefulness where the brain is
active. Recent research has revealed
that, at this time, the brain is organiz-
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Japanese have the world’s shortest sleep length
(Time:
9:00
8:40

Females

(employed)

8:16 8:11

8:20

8:23

8:00
7:40

mins/day)
9:00

Males

(employed)

8:38
8:18 : 8:22
8 12

8:25
8:05

8:07

8:22 8:24
7:52

8:01 8:00

8:40

8:08 8:06

8:12

8:20

8:11
7:52

7:53 8:00
7:40

7:33

7:20

7:20

7:00

7:00

Source: Health Information
for the Prevention of
Lifestyle-related Illness
website of the Ministry of
Health, Labour and Welfare
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There is a systematic rhythm
to human sleep

although the body’s muscles do not
stop working, the brain rests, breathing and pulse become very gentle, and
blood pressure decreases.
Sleep is comprised of alternating
periods of REM and non-REM sleep.
As the time to wake up approaches,
REM sleep becomes longer than nonREM as we prepare to awaken. If we
wake up during REM sleep, we will
enjoy a more peaceful start to the day.

ing the vast amount of information
acquired while awake into necessary
and unnecessary information. It is
creating an index to store important
memories for later retrieval. What
remains after we wake is the memory
of the dreams we saw during REM
sleep.
Non-REM, or deep sleep, is for the
purpose of resting the brain and for
maintenance of the body. At this time,
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Presently, many people have sleeping difficulties—as many as one in
five adults. There is an increasing
body of research showing that sleeping disorders can increases the risk
of dementia and depression if not
addressed, and that they can trigger
other lifestyle-related illnesses. We
cannot dismiss these as “simply a
lack of sleep.” However, it has only
been 60 years since we started to gain
a scientific understanding of sleep
and evidence of the close connection
between sleep and health.

According to a survey by the Organisation for Economic Co-operation
and Development, (OECD) comparing sleep length around the world,
the length of sleep is extremely short in Japan, and women, who
bear greater responsibility for housework and raising children, sleep
less than men. In terms of age, people in their 40s and 50s slept the
least—between six and seven hours on average.

Diabetes

High blood
pressure

Sleep

A good night’s sleep
is the tender nurse
provided to us by nature.

Source: Health Information for the Prevention of Lifestyle-related
Illness website of the Ministry of Health, Labour and Welfare

Did Cleopatra use chamomile
for better sleep?

Human Knowledge:

William Shakespeare

Dyslipidemia

Shakespeare was a playwright and poet
active in London from the late 16th
century. The psychological realism with
which his keen perception enabled him
to depict stories has led to him being
known as the foremost writer in English
literature. He wrote many masterpieces
besides his four greatest plays—Hamlet,
Macbeth, Othello, and King Lear.

Cardiovascular disorders (myocardial
infarction, cerebrovascular disease)

Shortened life expectancy
If insomnia becomes chronic, other
problems can arise such as greater
stress on the sympathetic nerves,
and excessive secretion of glucocorticoid, which increases blood sugar
levels, and the risk of developing
diabetes can increase by 50%.

The ideal length of sleep 		
varies by individual, but sunlight
is most effective for waking up
Doctor Dement, who has continued
to extensively apply himself to
research as a leader in the field of
sleep medicine, later stated that sleeping disorders are the cause of many
illnesses, and result in significant loss
to a nation. In Japan too, the Ministry
of Health, Labour and Welfare has
summarized the risk of illness associated with sleeping disorders, as shown
in the chart above.
Various theories exist regarding the
question of the ideal length of sleep.
Although the answer differs depending upon the constitution of each
individual, the amount of work they
do, and their age, the following results
of research have been reported. If
people get less than four hours of
sleep for two days, the body produces
less leptin, a hormone that suppresses
hunger, while producing more ghrelin, a hormone that increases hunger.
Effectively, chronic sleep deprivation
can be a cause for excessive eating
and obesity, increasing the risk of
diabetes and other lifestyle-related

Furthermore, consumption of
chicken breast and other products
containing imida-peptide, a strong
anti-oxidant that helps recovery from
fatigue, also has the effect of improving sleep quality.
In addition, bedding has also been
shown to affect the quality of sleep.
Some hospitals have established
outpatient pillow clinics. In many
cases, adjusting the pillow can help to
resolve conditions which may have
caused trouble for many years, such
as headaches, stiff shoulders, pains,
or numbness, leading to a better
sleep. D

illnesses. However, excessive sleep is
also unhealthy.
It is difficult to judge sleep simply
according to the number of hours
slept. In recent years, there has been
increasing research regarding the
quality of sleep. According to the
so-called Stanford Sleep Method, one
rule for better sleep is to bask in sunlight when you wake up in the morning. Exposure to strong sunlight stops
secretion of melatonin, a hormone
that regulates sleep. This hormone
helps the body to recognize the start
of the day, and makes people drowsy
at night when it is secreted again.

Sleep depth fluctuates according to a set cycle
(Sleep depth)
Light

Dozing
Sound
sleep
Fast
asleep

: Non-REM sleep (deep sleep)

: REM sleep (light sleep)

Awake

1
2
3
4

Deep

Secretion of growth hormone
0

1

2

3

4

5

6

7

8
(Length of sleep)

According to the Stanford Method, in alternating periods of REM and non-REM sleep, the
condition of a good sleep is proper deep sleep for the first 90 minutes. With regards to waking up, if an alarm is set to coincide with awakening, it helps people to wake up properly.

11

In order to sleep better

An Order-Made Era is
Approaching for Sleep
For modern, busy people, it can be
hard to ensure sufficient sleep length.
Thomas Edison, the inventor, known
for his short sleeping hours, is reputed
to have said that the more foolish a
person, the more prone they were to
sleep in excess. In terms of cutting
back on sleep to have more time in
the day, modern people are on a par
with Edison.
Could it be the price to pay for
making light of sleep? Presently, many
people regularly use sleep inducers
to alleviate insomnia. This tendency
becomes more apparent with age.

An era when more sophisticated,
multi-functional air conditioners
are required in the bedroom
This background is spurring
research into sleep, and Daikin is also
staking its prestige as an air conditioning manufacturer on continuing
research and development. One example is Daikin’s research into “soine,”
which started in around 2000. Soine
is a concept product perfected by
Daikin over a 10-year period. It constantly monitors the sleeping condition of people, automatically adjusting

room temperature using a dedicated
controller for sleeping.
One cue that inspired the research
was feedback from consumers indicating that they tended to use expensive,
sophisticated air conditioning in the
living room, but were not so particular about air control in the bedroom.
Looking back on that time, Takehiko
Hiei, who worked on the research for
many years, said that “We wanted to
change people’s perception of sleep
through the introduction of multifunctional air conditioning for the
bedroom.” As research progressed,
they discovered the following with
regards to body temperature regulation in sleeping people.
During sleep, the human body’s
temperature regulating function is
reduced in comparison with during
the waking hours, and it also differs
between REM and non-REM sleep.
The body is particularly susceptible to changes in the surrounding
temperature during REM sleep. At
this time, the body’s ability to regulate temperature through perspiration
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Experiments
aimed at
improvements

One form of the ideal sleeping space as conceived by Daikin
A “sleeping capsule”
created in the quest for
a comfortable sleeping space
Daikin has combined its air conditioning technologies, developing a “sleeping capsule” in its pursuit of a comfortable sleeping space. The capsule
uses the principle of keeping the head
cool and the feet warm, adjusting heat
distribution by approximately 4 ℃,
thereby reducing the activity of the
sympathetic nerves, which control
stimulation, in order to achieve a more
comfortable sleep. At the beginning of
sleep, it uses a foot warmer and
vibrator synergistically to promote
blood flow and thereby encourage
sleep. It simultaneously delivers air
containing negative ions and forest
aromas, which are said to have a
positive effect on sleep, to enhance
relaxation.

4. The temperature
is automatically
adjusted according
to
the sleep rhythm
Transmitter

3. It tells the air conditioner
the optimum temperature
for this rhythm

Takehiko Hiei

Polysomnography (PSG) is a method
whereby electrodes are attached to the
face, head, and body using tape to record
brainwaves, breathing, and the movement
of the eyes and muscles, in order to investigate the state of sleep. Airitmo is a sofa
developed based upon soine technology,
which conducts sensing on the sitter.
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In the past, we applied our efforts to
reducing air conditioner noise and
creating optimized
control, together with
sleep sensing, sleep
comfort control, and
monitoring of body
information. “We
want to provide the
best possible air 24
hours a day, 365 days
a year.”

Chiaki Yasumoto
Since joining Daikin, I
have been involved in
initiatives to develop air
that is kind to humans,
and dedicated sleep
controller development,
as well as sensors for
monitoring of body information. We aim to deliver
the optimum air for each
individual.

① Air conditioning module Air conditioning using a quiet Peltier device with no engine.
② Air purifier

Delivering clean air containing negative ions and phytoncide.

③ Foot warmer

Warms the feet to prevent chills and to stimulate blood flow.

④ Vibrator

Uses a gentle massaging effect to stimulate blood flow.

TIC is equipped with a range of
testing equipment to assist in developing the ideal sleeping space.
The photograph to the left shows
the test subject going through
their regular indoor routine. We
measure the room temperature,
humidity, oxygen, CO2 and so on
in this room to measure the effect
of room environments on humans.
We leverage these facilities to undertake our sleep-related research.

Receiver

2. Soine senses this
and estimates
sleep rhythm

Sleep

m in

Soine, a dedicated
controller for sleep
1. Movements such as
rolling during sleep

Human Knowledge:

is reduced.Furthermore, we discovered that, because the proportion of
REM sleep is higher during the latter
hours of sleep, it is easier to catch a
chill if the room temperature is too
low at dawn.
For this reason, soine uses a rubber
tube containing air-pressure sensors
to detect the state of sleep. Because
body temperature falls during deep,
non-REM sleep, it supports this by
decreasing the room temperature by
1℃. Then, because the body’s temperature regulating function is less
effective during light, REM sleep,
soine raises the room temperature by
1℃ so that the sleeper does not feel
the cold.
In addition, body temperature is
affected by one further rhythm during
sleep, whereby body temperature
gradually falls three to four hours

after we fall asleep. Thereafter, body
temperature slowly rises again until
we wake up, in a gentle V-curve.
Consequently, in addition to the ±1℃
adjustment to the base temperature,
we set soine to lower the room temperature 2℃ over a period of three
hours from the time of sleep, and to
gradually return to the original room
temperature by the tie the sleeper
wakes up.
“However, room temperature is not
the only factor that impacts sleep.
Light and sound, the body size of
each individual, and differences in
metabolism also have an impact. For
this reason, in the future, we would
like to take these factors into account,
to build a system that provides sleeping conditions suited to each individual,” according to Hiei, who worked
with Yasumoto on the research for

soine.
In order to verify the accuracy of
soine, tests were conducted on the
soine itself, while polysomnography
tests were conducted simultaneously.
(See photographs on the next page.)
Over 10 years, we gathered data on
over 10,000 people using polysomnography and other testing, and continue
our research to this day.
Our sophisticated dedicated controller for sleep will revolutionize
sleeping. That time is surely coming
soon. D

Reporter for “Sleep”
Jun Kobayashi

Challenge Planning and Editing Supervisor
Technology and Innovation Center
We believe that air
conditioning should
evolve into human
conditioning. Would
you like to discuss
your air conditioning
dreams with us? We
welcome your comments by email at the
following address.

challenge@daikin.co.jp
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Technology and Innovation Center

Fellow × General Manager
Dialogue

New proposals for energy management

Asking “Why”
Yuji Yoneda

General Manager,
Technology and Innovation Center
Executive Officer, Daikin Industries, Ltd.

Yoneda: The organizational reforms
made on July 1 positioned TIC as the
“control tower” for the Daikin Group’s
global strategy and all air conditioning business sites. TIC now oversees
product themes, technology strategy,
and global product development
under the leadership of nine deputy
general managers. The reforms reaffirmed TIC’s overall strategy and
clarified the division of responsibilities between each site and TIC. Our
collective goal under this new organization is to create differentiated
products and differentiated technologies. It’s also important for us to make
shorter term business contributions
and generate earnings over the next
three to five years. We are ready to
augment our war-chest of technologies and encourage each of our sites
to draw on these to bolster Daikin’s
presence.
Sakata: Paint us a picture of exactly
what you want to do.
Y: I have a very clear image. I want
to develop fundamental technologies that support development of our
motors, inverters and air conditioning
businesses, and then actively promote
kotozukuri (creation of systems and
services from the customer’s perspective). Air conditioning encompasses
construction and services, as well as
energy management. I want to gradually broaden our business perspective by developing air conditioning
together with related services.
S: Today we have remarkably
advanced environments in which to
gather data, including data from air
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and “What”
Born in 1966. He has served as professor in the
University of Tokyo’s Faculty of Engineering
and Director of its Innovation Policy Research
Center. Prior to that, he was an official with the
Ministry of Trade, Economy, and Industry. His
interests span energy and sustainability, nanotechnology, innovation policy in the information
sciences field, technology management, regional
clusters, and industrial policy. In December
2016, he was appointed a Daikin Fellow.

Born in 1963. He joined Daikin in 1987
after graduating from the Agricultural
Engineering Department in the Faculty of
Agriculture, Kyoto University. He became
a Senior Executive Officer in 2014. He has
held his current position following roles in
the A/C Manufacturing Division.

conditioners.
Y: We’ve entered an age when air
conditioners are being connected to
cloud technologies. Not only can we
provide building energy solutions, but
we can now forecast energy demand
and use Daikin servers to ensure that
entire communities live more comfortably. These are the kinds of new
energy management proposals I’m
eager for TIC to take the lead on.

In 10 years, the winners
will be those who
manage the sensing data
S: But we’re still not using data
effectively, are we? There’s a large
gap between having data and generating new business from it. We need
to bridge this gap. Our approach is
to create added value by multiplying high-quality data by good ideas.
Daikin has its own sensors and we
know precisely where the data are
coming from. That’s our advantage.
Even if another company gained
access to that data, they couldn’t use
them.
Y: That’s right.
S: The key to success will be how we
add new ideas to these technological capabilities. How exactly do we
merge our data with other kinds of
data? Electric power companies, for
example, have measured how much
power people use, and we are now
entering an age where they can use
smart sensing to sense and analyze
date more precisely. They could
monitor how people open and close
their refrigerators, for example. There

is a tremendous potential value in
combining that kind of data with
their own data. How do we take data
from fields where Daikin has unique
competencies and combine them
with other types of building, home,
and even urban-wide data? Beyond
just the technological questions,
there are important business strategies involved. We could partner with
other companies or acquire them. No
matter how we approach it, it’s clear
to me that in 10 years, the winners
will be the companies that have successfully merged a diverse range of
sensing data. Daikin’s advantage is
that it has its own core data. Without
that, we can’t negotiate.
Y: First, we need to make sure we
have the best engineering talent in
the world.
S: Engineers need to have an exciting vision to rally behind. Young
researchers think nothing of spending
all their time working on an exciting
project. But if a project’s boring, they
won’t do it. Interest in the company’s
work and vision is a great motivator.
Before, you talked about having a
larger view of products and services,
and expanding Daikin’s air conditioners and core technologies for human
society. I think that’s a big vision that
young researchers can rally behind.

TIC’s role is to make 		
Japan a nexus of global unity
Y: What do you think about
globalization?
S: One of the challenges for leading
global companies based in Japan is

how to make Japan a cohesive force
in global society. It’s not enough for
people in other countries to know
Daikin is headquartered in Japan.
One of TIC’s roles is to generate cohesive force for our global business. An
important part of that will be vision,
which is something that Japanese
people take rather lightly. Japan’s
worksites are customer-oriented. This
makes companies hesitant to promote
top-down visions. But people want
a vision now more than ever, amid
dramatic social change. You mentioned the creation of a clear technology strategy, and I think it is vitally
important for TIC to promote Daikin’s
technological strategies and vision.
All the global sites should move in the
same direction. That cohesive power
and the vision to promote it are very
important.
Y: I agree completely.
S: As an example, if all of Daikin’s
air conditioners sold in the United
States were made in Houston,
how much could that contribute to
global environmental sustainability?
Another issue is making environments
friendly to people, their health and
creativity. The world is fast becoming
knowledge-intensive. It’s all about
people. Improving people’s health and
creativity has enormous added value.
Healthier, more creative people work
better and longer, raising productivity.
In this knowledge-intensive society,
I think Daikin can help generate
human intelligence and raise
productivity.
Y: Thank you for those insights. The

challenge now is where and how to
start. There are strong implications
between what we have done up to
now and social changes in four to five
years in the future. That should open
a lot of possibilities for rethinking our
development themes, including what
we are doing now. The easy way is
make small improvements to what we
already have—and people tend to do
that. It’s easy to talk about new challenges and hard to actually do them.
We’re still not there. I think our managers have to work harder at taking
the initiative and leading people.
S: That’s very frustrating, isn’t it.

Answering “Why” and “What”
in open innovation
Y: Researchers tend to be good at
finding ways to go about a project—
the “How”—once a research theme
has been decided. That’s important,
of course. But “What” and “Why”
are also very important questions.
Why are we doing what we’re doing?
Why is what we’re doing important
for the future? We have to spend
some time engaging these questions.
I completely agree with what you said
about the importance of vision. Once
we have it, we need to stopping thinking about whether the vision is right
or not—we need to rally behind it.
S: Researchers have focused their
energies mainly on how to answer
known problems. Performance has
been judged by how fast or how well
we’ve answered those problems.
That might suffice when we can rely
on conventional models and clear

Ichiro Sakata

Director of Innovation Policy Research Center
University of Tokyo

roadmaps. Today, however, the future
of our economic systems is clouded.
That means we have to keep asking
ourselves “Why” and make sure we
are solving the right problems—the
problems with value. In other words,
we need to know “What to do?” The
company’s medium- and long-term
vision are all part of this process.
TIC’s philosophy of “open innovation” and “collaboration” are crucial.
When we try to answer, “What to
do?” we can’t ensconce ourselves in
comfort zones. We need broad interaction with society and collaboration throughout the humanities and
sciences.
Y: That is exactly the kind of exciting
vision we discussed earlier. There are
so many exciting things to work on. I
look forward to your continued
contributions and cooperation as a
Fellow. D
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A desire both to contribute to society and
to succeed in business.
Micro hydroelectric generation is
the result of in-house collaboration.

Air conditioners consume electricity,
but Micro Hydroelectric Generators
create electricity.

Yuzo Sawada
Division Manager
Development Supervisory Division
Micro Hydroelectric Generation Systems

All engineers possess, to some degree, the desire to
manufacture products that benefit the world. However, in
a company, they cannot realize their wishes if they ignore
the necessity of commercialization. Daikin Industries has
created a new product and system, both of which will be
of benefit to the company and the world: the Micro Hydroelectric Generator utilizes the flow of water through water
purification plant pipelines to generate electricity. This new
technology responds to a changing world in which the focus
is beginning to shift from fossil fuels to renewable energies.
The power generated by each device is small, but if the
system is expanded to factory piping, then the total energy
generated is by no means insignificant. Yuzo Sawada, 62,
who leads the project’s development team, notes with gratitude: “The fact that we were able to make use of original
air conditioner technologies was extremely important. Air
conditioners consume electricity, but Micro Hydroelectric
Generators create electricity.”

After experiencing two failures, Sawada encounters
a high efficiency motor inverter at Shiga Factory
In simple terms, micro hydroelectric power generators
work by using the flow of water to turn a turbine, and
converting this rotation into electricity. The technology is
already well established, and it is a source of renewable
electricity that promises both a high rate of operation and
stable power generation. However, since the power generated by each device is small, initial costs and maintenance
costs have hindered the technology’s uptake.
Sawada and his team aimed to develop a high efficiency,
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low cost product that was small enough to require minimal
space to operate. The development team was established
five years ago. Three years later, it had developed two types
of generator—the first producing 22 kW and the second
75 kW—less than half the size of previous generators and
at significantly lower costs. In FY2013, the project was
selected to participate in the Ministry of the Environment’s
Low Carbon Technology, Research, Development and Demonstration Program. They carried out demonstration projects
at water supply facilities in Nanto City, Toyama Prefecture,
and Soma City, Fukushima Prefecture, and they have been
able to demonstrate the results they had expected. At the
hearing after the press release, they were told: “This is the
generator we’ve been waiting for.”
Development of the micro generation system may appear
to have proceeded smoothly. However, Sawada and his team
experienced long periods of failure and suffering. He was
sustained by an engineer’s inextinguishable desire to contribute to the future.
Sawada studied robotic control as a post-graduate at Kyoto
University, and initially joined a different machine manufacturer. When the robot boom took hold, Daikin began to
consider commercialization of industrial robots, and Sawada
joined the company in 1982. He worked on a project to
robotize mold polishing—which was grueling work—and
managed to successfully bring it to practical fruition. However, since Daikin had by then already withdrawn from the
robotics industry, Sawada’s success made little contribution
to the company’s business.
In 1995, around the time of Daikin’s withdrawal from the

The Micro Hydroelectric Generator system’s main
body is exhibited at the Daikin Open Laboratory, on
the third floor of TIC. Here, Sawada talks about his
desire to contribute to the effective use of energy and
the preservation of the global environment through
the use of low-cost, high-efficiency systems.
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Defining the Researcher

Series ❷
Remote
monitoring

System control board

Rotor core

Visualization and
remote monitoring

Permanent
magnet
synchronous
generator

Water utility company
facilities

Remote monitoring
company

Tablet

Interconnection inverter

Water-cooling
pipes

Mobile network
Internet

Integrated
generation controller

Flow of water
Turbine runner Vertical inline pump
reverse turbine

Smartphone

Mobile

Micro Hydroelectric
Generator system
installation location

Flow of water
System main body

Generation
controller
Micro hydroelectric generator system

The Micro Hydroelectric Generator system is designed to be
as small and as efficient as possible. However, it also incorporates many unique air conditioning technologies—such as
permanent magnet synchronous generator and generation
controllers—that Daikin has cultivated over many years.

robotics industry, Sawada was searching for a new business
theme. He proposed the development of practical mechatronics technologies which, he believed, would attract great
attention in the fields of health, medicine and welfare in
the future. However, Sawada’s proposals never made it to
development. In 1997, feeling as he himself said “ashamed,”
he moved to Shiga’s then Electronics Engineering Laboratory. There, he encountered the low-energy air conditioning
technologies that Daikin specialized in. They had, at their
core, high efficiency motor inverter technologies.
From there, his path opened out. Sawada proposed to
fuse these motor inverter technologies with the mechatronics systems technologies he had cultivated through his
work with robots. He had a strong understanding of the FA
and industrial fields, and so began developing low-energy
mechatronics that would be able to contribute to low-energy
societies. Sawada, who had consistently pursued ways to
save both energy and labor, recalls:
“I was aware of two fundamental issues: the energy problem and the global environment problem.”

Micro Hydroelectric Generators 		
have the merit of being able to 		
utilize existing facilities
In 1973, the year before Sawada entered university, the
first oil shock struck. The second oil shock struck in 1979,
the year before he joined his first company. Following
these events, the fear of energy shortages stemming from
increased energy consumption by emerging nations and the
peak oil theory had a significant impact on societies and
economies. It was even recognized that insufficient energy
sources could lead to war.
At the end of 1997, the year Sawada transferred to the
Electronics Engineering Laboratory, Kyoto played host to the
third session of the Conference of the Parties to the United
Nations Framework Convention on Climate Change (COP3).
It was here that the Kyoto Protocol codified commitments to
prevent global warming, and the competition for low-energy
air conditioning became more severe.
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Sawada (center) and his team engage in
discussions to develop even more functional products and technologies. The team
has been encouraged by local governments
who praised the system, saying “this is the
sort of generator we’ve been waiting for,”
and spurred on by a corporate culture that
enjoys minimal inter-departmental boundaries, with the cooperation of the Air Conditioning Department and the Hydraulics
Department proving particularly beneficial.

The system utilizes internal data to the maximum degree to
visualize operational and management states, which can be
remote monitored via the Internet. These measures have
been praised for enabling management, maintenance and
other operational costs to be minimized.

In subsequent years, global warming and extreme weather
became matters of increasing concern, and Sawada’s consciousness of these issues gradually converged: “In the end,
I realized that the key to solving these problems was the
generation of environmentally-friendly energy.”
“For corporate engineers, there is only so much we can do
to resolve these problems. However, it is possible to balance
contributions to society with contributions to business, and
advance and promote the development of actual technologies and products.”
Seeking an answer, Sawada immersed himself in literature related to renewable energies, the global environment,
the shift to low-carbon, and national and local policymaking. He gathered information online and, after a year of
researching and analyzing profitability, he turned to pipeline
micro hydroelectric generation, which had the advantages of
generating power close to residential areas and being able to
use existing facilities.
Then, in 2000, a company-wide project was established
to utilize low-energy air conditioning technologies to reduce
the energy consumption of hydraulic equipment. This
project eventually led to the development of low-energy
hydraulic pumps and hybrid construction machinery modules, which would go on to form the core technologies of
Sawada’s micro hydroelectric generators: “Air conditioners,
particularly outdoor units, are mechatronics. I learned a
great deal from their designs.”

With minimal inter-departmental barriers,
the research laboratory, hydraulics department
and air conditioning department 		
work together with success
Typical hydroelectric generators do not depend on flow
volumes or pressures but, instead, have complex structures
to enable their turbines to turn at a fixed speed. However,
by utilizing motor inverter technologies, micro hydroelectric
generator turbines are able to rotate at variable speeds, all
in a compact form. They incorporate new flow volume and
pressure controls into the turbine itself, so control software

was critical.
Atsushi Suhara, who is in charge of technological development at the team, worked on the turbine control technologies. Since the system is intended for installation at water
supply facilities, it must be constructed in such a way that it
can continue to provide a stable supply of water even in the
event of system troubles. “Initially, we didn’t even understand how to rotate the turbines,” recalls Suhara. “But we
nevertheless developed four types of turbine runners that
rotate under water pressure. By selecting the appropriate
type for each installation location, we managed to create a
versatile system. We were able to utilize existing analysis
and design techniques, and this enabled us to develop the
system in just three years.”
Masato Onaka was involved in the development of the
embedded software which controls the generators and the
turbine characteristics evaluation device: “The time and
cost restrictions were severe. We struggled to coordinate the
behavior of the generators and the system controls by using
general purpose displays.”
In fact, Sawada, Suhara, and Onaka had no experience
working in the company’s core air conditioning departments. Suhara, who researched artificial bones at the
Nagoya Institute of Technology’s Department of Electrical
and Information Engineering, joined Daikin in 1994. He was
posted to the Electronics Engineering Laboratory, where he
worked on the development of large-size trucks with automatic transmissions, and engaged in hybrid hydraulics for
oil hydraulics machines. Onaka studied power electronics—
and particularly motor controls—at the Nagaoka University
of Technology’s Department of Electrical, Electronics and
Information Engineering, before joining Daikin in 2006. He
was a member of the Oil Hydraulics Machines Department,
where he also worked on the development of hybrid hydraulics units for oil hydraulics machines. That a team of inex-

Overcoming numerous
failures and disappointments,
Sawada finally achieved his
long-desired goal. Even after
retirement, he continues
to work hard as leader of
his team. The serious yet
open-minded discussions
and interactions with young
engineers might well be the
secret to his youthful energy.

perienced personnel was able to commercialize the system
in such a short period of time was only possible because the
Research Laboratory, Hydraulics Department and Air Conditioning Department worked closely together. Onaka comments, “I really felt Daikin had minimal inter-departmental
boundaries,” while Suhara says, “We succeeded through
interpersonal relationships.”
Micro hydroelectric generation is a system that makes use
of energy we were throwing away. “After promoting its use
in Japan,” says Suhara, “and contributing to the resolution
of the energy problem here, I want to expand to Europe,
America and Asia.” Onaka adds: “In particular, if we can
expand this system to emerging nations, nothing would
make me happier. We also intend to reduce costs further.”
After retiring, Sawada was rehired and appointed TIC
Division Manager. He says with laughter: “I have been lucky
enough to work with an outstanding development team. I am
also extremely grateful for the opportunity to continue working on this exciting project, which enables us to contribute
to the preservation of the global environment. This was my
first time developing a system for local government use, and
everything, including negotiating with our partners, was a
process of trial and error. But this just makes me feel more
satisfied. We can use this system in a wide range of spheres,
such as industrial water and agricultural water. It would
make me very happy to see it used all across Japan.” D

“I have been lucky enough to
work with outstanding colleagues,
and I have been able to work on
an exciting project that contributes
to the preservation of
the global environment:
this makes me truly happy.”
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Development of

Fluorocarbon
Refrigerants

Air conditioners can’t operate without refrigerants. One of Daikin’s competitive
advantages is its fluorochemicals business, which includes refrigerant development.
This unique development capability sets Daikin apart from other equipment
manufacturers. The second installment of “Key Technology” introduces the
fluorochemicals business, with a special focus on the commercialization of HFC32
(R32), which has an ozone depletion potential of zero.

Discovering new potential 80 years after
Japan’s first successful manufacture of fluorocarbon gas
Fluorine has the distinction of being
the most reactive of all the elements.
It oxidizes and forms compounds with
nearly any other element. Fluorine
compounds bonded with carbon are
a highly stable chemical compound
with high heat, weather, chemical,
and corrosion resistance.
What’s more, fluorine’s weak intermolecular force means it has a low
friction force and surface tension, and
a high water and oil repellency.
With these properties, fluorocarbon
resins and other fluorine compounds
are widely used in many industries,
from car engine parts and wire coating materials to medicines, clothing,
semiconductor processing, coatings,
and solar cells. “Fluorine compounds
were resistant to gasoline and heat,
and they repelled water and oil at the
same time,” notes Honorary Officer
Hirokazu Aoyama (61), who spent his
entire career in Daikin’s chemicals
business. “These multiple functions
allowed us to achieve things with
fluorine that we couldn’t achieve with
any other substance.”
Fluorine was bonded with carbon to
create fluorocarbons used as refrigerants, also known as freon. First developed in the United States in 1930,
freon posed no harm to humans, was
colorless, odorless, and nonflammable.
It was an ideal solution to various
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problems with such conventional
natural refrigerants as carbon gas,
ammonia, and methyl chloride.

Daikin began developing fluorocarbon into a new business before World
War II. The first application was for
military submarines. In 1935, Daikin
became the first company to manufacture fluorocarbon in Japan. This
set off a new wave of development
which produced a new refrigerant for
the air conditioner Mifujirator, which
boasted a higher performance than
imports. Mifujirator marked the origin
of the air conditioning business and
the chemicals business, two pillars of
modern-day Daikin.

Air conditioning and 		
chemical divisions combine expertise
into new products

Hirokazu Aoyama

Honorary Officer
In charge of industry-industry, industry-academia,
industry-government collaborations
Technology and Innovation Center

Joined Daikin in 1980 and honed his engineering skills in the Chemicals Business
Unit, Applied Research Department for five
years before studying abroad at University
of Iowa in the U.S. Returning 18 months
later, he was assigned to the Chemicals
Business Unit, No. 2 R&D Department.
From 2010, he served as the director of the
Chemicals R&D Center. He assumed his
current position from 2017.

Fluorocarbon production surged
internationally in the 1960s. Its ease
of application made it a popular
refrigerant for refrigerators, while new
applications abounded, including its
use as an aerosol propellant. In the
1950s, Daikin began producing hydrogen fluoride (HF) through the synthesis of fluorite (CaF2) and sulfuric
acid. The HF was reacted with carbon
tetrachloride (CCl 4) to establish a new
method of mass-producing fluorocarbon. Daikin now had a structure to
meet surging demand for fluorocarbon.
The business environment surrounding the use of fluorocarbon

● Broad

Starting with the development
and manufacture of refrigerant
fluorocarbon, Daikin’s fluorochemicals business has spawned
a multitude of related products.
These products reflect the
diverse qualities of fluorine and
its compounds, including low
friction force, high water and
oil repellency, and resistance
to heat, weather, chemical and
corrosion. Fluorochemistry
continues to discover new ways
to maximize these properties,
and Daikin’s research engineers
are at work exploring new
applications and potential new
products.

fluorochemicals lineup

Daikin uses ﬂuorite (CaF2) as the raw material for producing a broad
array of ﬂuorochemicals.
Fluorite
Sulfuric acid
H2SO4
Anhydrous hydroﬂuoric acid
HF

Organochloride

Fluorocarbon
monomers

Etching agents

(chloroform)

Fluorocarbon gas

Fluorocarbon resins
Fluorocarbon resin ﬁlms
Fluoroelastomers
Fluoro coatings
Water and oil repellants
Fingerprint adherence prevention agents
Waterproof and damp-proof agents
Mould release agents
Addition agents
Pharmaceutical intermediates
Fluorocarbon oils, etc.

Types of fluorocarbon and their properties
Type

Features and examples

Main applications

HFC

Hydro Fluoro Carbon
Contains hydrogen but not chlorine,
and does not deplete the ozone layer
HFC -23, 32, 125, 134a, 143a, 152a, etc.
HFC mixed refrigerants: R410A, 407C,
404A

Refrigerant (for refrigerators, industrial
cryogenic equipment, automobile air
conditioners, room air conditioners,
packaged air conditioners, etc.), foaming
agents, cleaning agents, aerosol
propellants.

Hydro Chloro Fluoro Carbon
Contains chlorine but also hydrogen,
a combination which makes it a
relatively weak ozone depletion
substance.
HCFC -22, 123, 141b, 142b, etc.

Widely used in refrigerants, foaming
agents, cleaning agents, aerosol propellants and other goods, but currently being
eliminated due to ozone protection laws;
some types and application have already
been phased out (example: HCFC-141b
for urethane foaming agents).

Chloro Fluoro Carbon
Contains chlorine and has a strong
ozone depletion effect.
CFC -11, 12, 113, etc.

Previously used in refrigerants, foaming
agents, cleaning agents, aerosol propellants and other goods, but production and
import into Japan were phased out at the
end of 1995 based on ozone protection
laws.

HCFC

CFC

changed dramatically entering the
1990s. The primary type of fluorocarbon, chlorofluorocarbon (CFC), was
identified as a cause of ozone layer
depletion, and CFC production was
phased out by 1995. An alternative
product, Hydro Chloro Fluoro Carbon
(HCFC), was similarly blamed for
harmful effects, and developed countries plan to phase out its use by 2020.
Currently, industries are adopting
to hydrofluorocarbon products with
ozone depletion potential (ODP) of
zero.
Amid these trends, as a leading Japanese manufacturer of

fluorocarbon, Daikin has actively pursued the development of alternatives.
Initial research on next-generation
refrigerant alternatives focused on
two derivatives of HFC, R32 (CH 2F2)
and R410A. R32 is produced through
a reaction between hydrogen fluoride
and methyl chloride (CH 2 Cl 2).
R410A is a mixed refrigerant made
from R32 and R125. The assessment of R32 was initially mixed, and
R410A was instead widely viewed as
the likely successor to HCFC. The
main obstacle to R410A was its high
global warming potential (GWP).
Daikin built Japan’s first R32 produc-

The development of fluorocarbons shifted rapidly away from
the original CFCs to HCFCs, and
HFCs to help protect the ozone
layer and prevent global warming. As Japan’s leading manufacturer of fluorocarbons, Daikin
has anticipated social change to
spearhead the development of
alternative fluorocarbons.

tion plant in 1999, and after more
research, geared its development
programs towards R32.
R32 offers many advantages. It has
a GWP one-third that of R401A and
offers superior energy efficiency. As
a result, the amount of refrigerant
used in equipment can be reduced,
while the heat exchanger and other
parts can be made more compact and
recyclable. Furthermore, its pressure
level and other properties are similar
to those of R410A, making it possible
to introduce R32 without replacing
facilities designed for equipment using
R410A. Although flammability was
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Fluorine properties combined to create major new markets
● Functional

From fluorochemistry to fluoroscience. Mr. Aoyama’s
enduring passion
for tapping the
full potential of
fluorine suffuses
his conservations
with colleagues. “Of
course we need to
think and discuss,
but for many things,
we have to just try
them,” he says. “Doing is so important.”

surface materials and surface improvement technologies

Many processing technologies and materials have been invented to apply the properties
of fluorine compounds to base material surfaces.
①Applying ﬂuorocarbon resin ﬁlms
② Lot lining and loose lining with ﬂuorocarbon resins

③Baking
varnishes
Fluoro coatings

Antifriction, nonstick corrosion
resistant

Fluorocarbon
resin layers
Binder resin layers

④ZEFFLE
Modiﬁed TFE
coatings

Weather and
corrosion resistant
Durable
UV Salt water Acid

Weather-resistant
coatings

⑤LUBRON

Low-molecular-weight
PTFE powder

-(CF2CF2)n-

Low friction
coeﬃcient

⑥OPTOOL
Modiﬁed PFPE

F(C 3F6-O-)n-

Fingerprint adherence
prevention

⑦UNIDYNE
Perﬂuoroalkyl
compounds

C 2F5(C 2F4)nWater and oil repellants
Water

Generic resins,
coatings

Generic resins,
coatings

Surface processing layers

Base material

● Principles

Oil

One field that maximizes
the properties of fluorine
compounds is surface
treatment and processing.
UNIDYNE leverages
fluorine’s water and oil
repellency. LUBRON
relies on fluorine’s low
friction force. ZEFFLE has
strong weather resistance
preventing corrosion from
ultraviolet rays, salt water,
and acids. All the products
are used in coatings and
other applications.

behind OPTOOL’s prevention of fingerprint adherence
Antifouling treatment

Fingerprint adherence
prevention agent

(ﬁnger released from panel)

Skin
Sebum
Base material

The antifouling surface
repels sebum, and since
sebum is repelled by the
base material surface, it
is less able to adhere to
the base material

Skin
Sebum
Base material

No antifouling treatment

Touch panel
surface

Skin
Sebum
Base material

Reporter for “Fluorine”
Akihira Sugiyama

Group Leader,
High Performance Materials
Senior Engineer
Technology and Innovation Center
We are using
surface function technologies to invent
highly functional
products drawing on the power
of fluorine. Let’s
work together to
deliver new value
to the world.
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(ﬁnger released from panel)

The sebum layer
adheres to the base
material and a large
amount is left behind

Skin
Base material

OPTOOL repels sebum,
preventing fingerprints and
pollutants from adhering
to the base material.
With these substances
removed, the surface
has low friction and high
sliding effect. Daikin has
invented a proprietary
structure with dramatically
improved performance
compared with
conventional antifouling
coatings.

Sebum

an initial concern with R32, further
verification tests have proven there is
virtually no danger, and Daikin took
every opportunity to promote the
superiority of R32.
In December 2012, the time was
right for R32’s debut. R32 was used
exclusively for the first time in the
world in the UruSara 7 series of
air conditioners. The new technology garnered the FY2012 Economy,
Trade and Industry Minister's Prize,
the FY2013 Ozone Layer Protection/
Global Warming Protection Award,
and the Prime Minister’s Prize,
5th Monodzukuri Nippon Grand
Award for excellent engineering in

the same year. With a sweep of the
major awards, UruSara 7 represented
the successful synergy of expertise
between the air conditioning business
and chemicals business.
One of the issues preventing the
exclusive use of R32 in air conditioners was the compressor. Hardware
improvements to the equipment were
made to solve the issue and maintain high performance. Specifically,
a highly efficient heat exchanger and
the industry’s first double-intake
structure ensured both high energy
efficiency and environmental performance. Today, nearly all Daikin air
conditioners sold in Japan use R32 as

Daikin’s
s business
fluorochemical
1935 ●Fluorocarbon gas is manufactured in Japan for first time
1942 ●Daikin develops and manufactures fluorocarbon gas using proprietary
technologies
1952 ●Fluorine Chemistry Research
Committee is launched to plan expansion into fluorocarbon resin business
1953 ●Sales of NEOFLON PCTFE
fluorocarbon resin begin
1955 ●Sales of POLYFLON PTFE
fluorocarbon resin begin

its refrigerant.

Fluorine’s potential for
era-leading applications
Many fluorocarbons are the raw
material of a variety of fluorocarbon
monomers. Tetrafluoroethylene (TFE,
CF2 =CF2), which uses HCFC22
as its raw material, is the monomer
of polytetrafluoroethylene (PTFE),
a leading fluorocarbon resins. The
world’s first PTFE was Teflon,
invented by U.S. company DuPont.
As Daikin strives to catch and surpass DuPont, the fluorocarbon R&D
program serves as the foundation of
its fluorochemicals business.
UNIDYNE is an example of the
program’s success. Jointly developed
with U.S. company Dow Corning,
UNIDYNE is a fiber processing agent
made by synthesizing fluorine with
silicon. This product gives fibers the
water and oil repellency features of
fluorine while maintaining the feel of
silicon.
OPTOOL has become a hit product with widespread popularity of
smartphones. It was originally developed to prevent fingerprints from
adhering to hand-held video recorder
LCD screens. It was also adopted by
eyeglasses lens manufacturers for the
same purpose. Neither of these markets proved big winners. Then came
smartphones. OPTOOL turned out
to be the perfect smartphone screen
solution for both preventing fingerprints and ensuring ease of sliding—a
unique characteristic of fluorine.
A U.S. smartphone manufacturer
which has long reigned as the industry leader was the first to visit Daikin
for discussions about OPTOOL’s
potential. This was before Daikin

itself had envisioned the arrival of
the smartphone age. Although there
wasn’t a great deal of expectations for
OPTOOL internally, it has since blossomed with rapid sales growth thanks
to the smartphone manufacturer’s
active business development and the
trust the company has in OPTOOL’s
performance.
“We succeeded in developing multiple new functions that had no equal
among competitors,” notes Honorary
Officer Aoyama looking back on
OPTOOL’s development. “This
allowed to invent entirely new applications.”
Applications for fluorine compounds
are only expected to expand in the
future. One new potential area is the
prevention of frost. “In the outdoor
units of air conditioners, we have
difficulty preventing frost accumulations on aluminum fins used in the
heat exchangers,” says Mr. Aoyama.
“Fluorocarbon resins repel water, but
frost adheres. If we can use fluorine
compounds to solve this problem, we
could apply the technology to prevent
frosting on electric wires and aircraft
components as well.”
Daikin must take a broad perspective of the market including external
viewpoints to generate applications to
lead new eras. Technical exchanges
with other companies could generate
surprising new applications for known
fluorine compounds and open the way
to commercialization. “Daikin has
world-class technologies. It is important for TIC to collaborate with other
companies and leverage the power of
open innovation to use our technologies for new applications,” says Mr.
Aoyama strongly. D

1968 ●Daikin becomes Japan’s largest
fluorocarbon resin manufacturer by
market share after quality improvements
to POLYFLON and development of
granulation technologies; sales of water
and oil repellant agent begin
1970 ● Sales of fluoroelastomers begin
1974 ●Sales of fluorocarbon resin
NEOFLON FEP begin
1977 ●Daikin receives award from The
Society of Polymer Science Japan for
development of fluoroelastomers
1980 ●Daikin develops semiconductor
etching agents
1987 ●Daikin receives award from The
Society of Polymer Science Japan for
iodine transfer polymerization, a precision polymerization method
1988 ●Sales of fluorocarbon recovery
system begin
1991 ●Production of alternative
fluorocarbon gas HFC-134a begins
1993 ●Pilot plant operations begin for
new refrigerants HFC-32, HFC-125
1994 ●Production of fluorocarbon resin
PTFE begins at Daikin America’s
Decatur plant
1998 ●Chemical business’s sales
outside Japan reach 50% of total sales
1999 ●Production of alternative
fluorocarbon gas HFC-32 begins
2000 ●Sales of OPTOOL DSX fingerprint adherence prevention agent for
displays begin
2001 ●Production of alternative fluorocarbon gas HFC-125 begins; production
of water and oil repellant agents begins
at Daikin America’s Decatur plant
2003 ●Production of fluorocarbon resin
PTFE begins at China plant
2006 ●Daikin establishes joint venture
with Arkema for new air conditioner
refrigerant HFC-125
2007 ●Sales of OPTOOL DAC fingerprint adherence prevention agent for
touch panels begin
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Symposium
Transforming technology into effective business

Striving for Innovation
In the one year since TIC opened, it has welcomed 20,000 visitors and
experienced a range of stimulation. However, the true test lies hereafter.
The group leaders enthusiastically discuss the current circumstances and
their future aspirations.

Kenji Amano

Manager
Technology and Innovation Strategy Office
(currently: Manager, Technology Planning,
Corporate Planning Department)
Kenji Amano worked in technology
development for air compressors in Daikin
Environmental Laboratory. Later, he
worked to develop systems for research
planning surveys and open innovation.
After the opening of TIC, he implemented
external collaboration for new value creation, within the Strategy Office. He says
he aims to “advance collaboration in both
problem solving and new value creation.”

Yabu: During the past year, we
have had many visitors and many
stimulating discussions. In the future,
we must go out in order to search
for answers to questions that we
cannot answer by ourselves. Many
people still believe that work just
comes from above.
Amano: To put this in context, at the
moment, the gap between expectations in manufacturing and technology is narrowing, while the targets
are moving further away. However, if
we are to engage in open innovation
in discussion with external parties,
we can’t make progress unless we
have an idea of what we want to do.
Next, we must ensure that each
individual can go forth with an idea
of what they want to do.
Matsui: It’s awkward if they don’t
know that.
A: I don’t think it’s that they don’t
know. In particular, in relation to
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the Zero Energy Building (ZEB) and
energy in general, and the air space,
which are very important, they must
have many ideas of what they
hope to do. The problem is that the
things are small. I feel like it’s an
issue of scale, where people aren’t
sure if these things are really needed.
We should gather such interesting
things together, so we can imagine
the world we want to create or the
value we want to offer, and then we
can go out with this bigger idea.
M: For collaboration with external
parties, two aspects are important.
The first is that we certainly need
bigger topics. A world view, or an
idea of what Daikin wants to achieve
through each endeavor. From a larger
perspective, it’s necessary to have a
story of how you want to change the
world. But if it is on too grand of a
scale, there’s no way for people to
engage with it. I therefore think that

there’s a second important aspect,
which is knowing what you will do
specifically. For example, even if you
have an idea for a great service using
the Internet, it will be extremely awkward if you can’t answer when asked
for specifics. If you need to think up
new content, you should try to imagine this in more specific terms: you
won’t be able to collaborate with
external parties if you can’t clearly
see where you are now, and what
precise troubles you are facing.

It’s better not to seek 		
the solution at the outset, but
to allow room to make mistakes
Sugiyama: I think we need to send
young people out into the world more
where they can make mistakes. There
is a strong tendency to seek agreement from all involved parties, to seek
the “right answer.”
A: It’s excessively cautious, isn’t it?

S: Not exactly. What I mean is that
they should try different ideas out
to learn more. Even if they get into
difficulty, it’s better because then they
need to think about what to do next,
and then they can try again. At the
moment it seems like they are trying
to escape difficulties from the outset.
It’s quite frustrating.
A: Probably they don’t want to be
scolded.
M: It’s possibly also because the
company has grown so much. It was
smaller when we were younger,
so it was expected that we would
make mistakes.
Y: Perhaps terms such as “privacy”
and “power harassment” have taken
on a life of their own. Even when
subordinates have breached protocol
with a client, they excuse themselves
as having just done what they were
told, and it’s their superiors who go to
apologize. It seems to be the case at
all companies. They should go again,
be scolded again, and if they make
enough effort, either the other party
will show them the right way to do
things, or they will take care of them.
No one wants to take care of them
if they have such attitude. We can’t
even have them nurtured in the
business world.
A: (to Matsui) Your area has started
to take up new challenges with external assistance, hasn’t it? Because they
are new partners who you haven’t
worked with before, I suppose you are
proceeding with some expectation of
possible failure. This also provides
some form of stimulation, and I
expect it’s an impetus for change.
M: However, we are hoping for great
success, of course. Currently. I’m
most excited because it isn’t me but
rather my juniors who are making
the effort. It makes me feel a little
more nervous than in the past. If it
was me personally, I’d manage somehow in the end.

By working together, we can
see inside the “black box”
S: With our defrost, for example, until
now, we have approached it from the
direction of chemistry, in terms of
what materials we had. In order to
resolve the challenges faced by air
conditioning, we need to take an

overall approach with each supply
chain, rather than restricting ourselves to within the company. I still
don’t know how this will tie together,
but I think it will create a forum
where all of Daikin can work together
with our suppliers.
A: We obviously have an idea of what
we want.
S: Things are also speeding up.
Until now, we assessed the situation
ourselves, and found a way to reach
a solution. It was at a snail’s pace.
Now, we share what we are aiming
for with a product, and the processing
department works simultaneously on
development, while we develop the
materials. The air conditioning side
makes the assessment. I believe we
can speed up our processes in this
way. Conventionally, the processes
before delivering products to the end
user were somewhat of a “black box.”
To be able to link up this much and
work together is because the air conditioning departments are alongside us.
M: From the perspective of air
conditioning, defrost is an ideal
technology. Resolving it would be
a big step forward. Until now, we
have assessed the materials proposed
by the chemicals departments and
responded according to whether
or not we thought we could use it.
Because now, the chemicals departments are involved in the assessment
process, we can get a better understanding of the pros and cons.
Y: If, for example, four ideas were
being assessed, by working together,
we might be able to suggest ways to
modify one, two, or even three of the
ideas so that they might be workable.

Tomohiro Yabu

Group Leader and Senior Engineer
Technology and Innovation Center
IAQ Technology

Tomohiro Yabu worked in the Mechanical
Engineering Laboratory, Daikin Air Conditioning R&D Laboratory, and now in the Air
Conditioning Manufacturing Division. He
has worked in roles such as Multi-purpose
Products Group Senior Engineer, and Key
Product Development Theme Project Leader
and Senior Engineer before taking the
roles as IAQ Technology Group Leader and
Senior Engineer.

Akihira Sugiyama

Leader and Chief Engineer
Technology and Innovation Center
High Functional Materials Group

After working in the Chemical Division,
Akihira Sugiyama was appointed Senior
Researcher for Low GWP Refrigerant Gas
Development. He is engaged in enhancement of foundational technology for development of surface functionality and new
functional materials related to film, and the
development of applications; and also initiatives for collaborative development with Air
Conditioning.

The ultimate service is one that
caters to the individual wishes
of each customer
M: We are not only making materials,
now it is more like we are working
together to devise the defrost mechanism. I think the party making the
materials should also have a say. They
might suggest that there were other
ways to use the material, or point out
that it could be used if certain conditions were excluded. We didn’t know
that with the process we previously
used.
S: That’s true. There were barriers.

Nobuki Matsui

Leader and Chief Engineer
Technology and Innovation Center
ZEB Energy Management Group

After developing power generation, energy
storage and energy transfer technology, in
recent years he has worked on a wide range
of technological strategy planning, technology development, and commercialization
planning necessary for launching the energy
solution business, incorporating AI and IoT.
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M: The benefit of working together
has been that we can discuss alternative approaches.
A: There are certainly benefits in
reducing the physical distance for
communication. The speed of our
work has changed simply by being in
the same location. This will probably
help the collaboration with external parties, which we are trying to
encourage.
M: Air conditioner have a connection between the indoor and outdoor
units via a conventional network. I’m
thinking of how we can build this
into a new network that connects
to everything outside, and use the
data to create new services. For our
services, it is important to propose
an air conditioning system that
is tailored to closely match the
customer's building. It’s not a question of whether to make it by flow
work or customize it at the factory,
but whether to implement optimal
operation through remote monitoring of actual use, or whether optimal
operation will be achieved by including sensor information. With this in
mind, we need to also build a cloud
system. Because the overall concept
is too large, and impossible to achieve
alone, we are working with other
departments for communication and
with external parties for sensors and
data analysis, for example. As I try
to weave these threads together,
at times, the number of threads
involved even confuses me!
Y: It makes me feel a little jealous.
When working around air conditioning, everyone is cooperative, even if
they don’t completely agree. You have
the receiving end. In our department,
we have to work without a specific
receiving end, which requires the
most effort.
M: It’s similar for us, because we’re
always creating new communication infrastructure. This entails
discarding the existing communication infrastructure, so it causes a lot
of friction. At the old laboratory, our
work process involved an accumulation of what we could do. If we didn’t
do that, no one would listen to us.
Now, TIC is considered as the center
of the hub, which requires us to
communicate the whole strategy.
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座談会

Y: Despite this, I feel it’s become
more straightforward than before.
M: We’re able to better express what
we are thinking, and indeed we have
to. This is leading to greater collaboration. It isn’t collaboration just
for the sake of it, once you’ve sent
out the message, you need to follow
through to completion.

People can be dishonest,
but the body never lies
M: When we were outfitting the
TIC building, we realized we would
save considerably a lot of energy if
we operated it properly. Even with
regular air conditioning, it’s impressive that so many aspects improve
according to the control. We also
learned that we needed to build an
unbelievably complicated system
to control it. Because the networks
weren’t communicating, we introduced many translators between
them, and on top of this, we would
add a new controller, and build
software to coordinate them. The
system was good, but some aspects of
it weren’t logical. The TIC building
itself was an experiment.
All: Exactly.
M: It incorporates radical facilities,
so the first three months were a bit
chaotic.
Y: It seems that we’ve finally understood how it works. From the controller through to management, and so on.
M: I learned a lot by being closely
involved since the building stage.
A: Do you have any new initiatives

planned?
Y: We have Airitmo, which measures
physiological information, so that
we should achieve some interesting
things with that. We receive more
inquiries with the open plan. We conduct field monitoring on what people
want to use it for, and select projects
on which to collaborate.
A: What kind of a world do you hope
to achieve with Airitmo?
Y: There are many possibilities. In
the end, we hope to eliminate the
remote control and adapt it to the
individual’s physical condition.
In many ways, people can be dishonest, but the body never lies. I
believe that our effort to control
the system to match physiological
information creates a new horizon
for air conditioning. For example,
for someone my age, I can adjust the
temperature according to my instinct,
but animals, elderly people, and
babies can’t exercise their will in this
way. We would like to control air conditioning by sensor for those people,
which is now a possibility. It is also
possible to detect stress. Nowadays,
medical checkups include mental
checks, and in the same way, it would
be good if we can develop our simple
sensors to perform a variety of functions.
A: There’s the potential for expanding into areas unrelated to air
conditioning.
Y: Thinking in even broader terms,
it would be good if we could monitor
the condition of the driver of a car or

■ “Wemake”: NEXT AIR PROJECT by Daikin Industries
Air Capsule was conceived based on the idea that if you wrap the face
with a clean, gentle fragrance when you travel and sleep for many hours,
or even at home in bed, you can relax and sleep undisturbed thanks to
olfactory stimulation. AIR BATH proposes to restore mental fatigue and
prevent depression through reproducing the healing effect of a bath with
air and a pleasant wind.

Previously, when it was a laboratory, it was enough just to
develop things a little at a time. Now with TIC, there is a need
to broaden the horizons. This was the general consensus of the
four as the discussion progressed.

a bus, to detect dozing while driving,
or stress from overwork. Sleeping is
the basis for all human existence,
so if we are able to control that, we
can achieve health both for body
and mind. I believe that we need
to develop proper technology for
sleeping.

There aren’t many “profitable ideas”
but we should change 		
our approach a little
A: Similarly, there is not such a big
gap between physiological sensing
and the air/space business. If you
know a person's state throughout
the day, you can understand the
states of stress and fatigue of the
person in each situation and place.
Based on this, we should be able to
offer something different. We would
like to further investigate such
possibilities.
Y: The final frontier is cattle and
horses (laughs). If we could reduce
the stress of race horses, we could
make a fortune. With cows, we could
have tastier beef...
M: A livestock team...or Agri
Group!
A: The temperature also has an
impact when raising cattle.
M: I’ve been asked in all seriousness

before to produce an egg-washing
machine. We’ve also been asked to
make air conditioning for submarines.
Y: Another idea was air conditioning
for the Antarctic Showa Station.
M: There was also a proposal to
produce a dehumidifier for the Space
Shuttle. There aren’t many “profitable
ideas.”
A: I think we should change our
approach a little. Because needs are
becoming more specific, I have the
feeling that “ideas” are also must
become smaller. If we hope that one
idea will become a hundred-millionyen business, it’s a big struggle.
We need to significantly adjust our
approach to ask what we are achieving through a variety of initiatives,
whereby we can think of new businesses.

Our job is to transfer our concept
“Wemake” into engineering
A: There is an online channel called
“Wemake” where people can post
ideas and designs, and others can
suggest improvements. If you post
the idea of what you hope to achieve,
other people will post their suggestions about it. It does require a moderator, though. It’s a new initiative,
run on a test basis.

Y: Some people post irresponsibly,
but they get eliminated during the
process. The final ideas are more
refined than when we just conducted the process internally. But
our job is to transfer the ideas into
engineering. Once we develop an idea
to the point where it has potential, we
need to properly assess whether it can
be commercially viable to introduce
technology, and we need to decide
whether to tackle it internally or
externally.
A: One question that has been posted
on our website is about comfortable
air space while moving from one
place to another. For example, when
traveling on a bus, you might use an
eye mask and ear plugs to try to sleep,
but there might be an odor you find
unbearable.
We want to create personal air space
so that you can sleep comfortably
while on the move. We consider ways
we could improve things. Another
suggestion was air which gives you
the relaxed sensation of taking a
bath. We have called it “Air Bath”
whereby you can lie down and enjoy
clean air that improves your wellbeing
and rejuvenates you. You can enjoy
the relaxed sensation of taking a bath.
Our concept is to recreate this some-
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Particularly with chemistry and air conditioning, if we
leveraged the knowledge of other people more, I think
it would speed things up.

how using air. The idea is far more
refined than if we were to consider
it by ourselves. But when it comes
to actually making it, of course we
don’t have some of the technology.
So next we have to search for an
external partner.

We hope to develop new
approaches to address challenges
in the workplace
Y: Our healthcare hackathon
allowed for a group brainstorm
mainly among those working in
that field. We aim to use Daikin’s
latest technology to construct new
approaches with engineers and
designers who have new perspectives.
A: They are the ones who best understand the challenges in the workplace.
Y: We go into the workplace to hold
discussions, but it’s not possible
to hear the full story of the challenges faced in such a limited time.
Therefore, we formed a hackathon
group made of people in their 30s and
40s who work in that field. Together,
we suggested ideas where we could
apply Daikin’s expertise in air and air
space.
M: The group included doctors and
nurses who were actually working in
the field.
Y: Based on this, we gathered
together people working at
government agencies who develop
laws and regulations. By ourselves,
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it is tough work, but we learned that
it’s more effective to collaborate with
people who are in the field.
A: We hear about the problems in the
field, but then we also need a different kind of wisdom to be able to
provide solutions. It would be difficult to achieve success only through
initiatives like hackathons, but I also
don’t want this to just be a one-off.
Y: Now that we have established networks with those working in the field,
we have the advantage of being able
to approach them anytime with
questions. It’s a great benefit to have
someone readily available for discussions. Until now, we didn’t have the
opportunity to interact with such
people.

Unless you develop sensitivity, you
can miss the information 		
right under your nose
A: Interpersonal networks are quite
an innovation.
M: Our group had many people who
are involved in installation of air
conditioning, so there was a lot we
learned from them. We also came to
understand things that people had
been saying all along. However, if you
only listen to the feedback from the
front line, you only hear about small
issues, so we need to interpret that
to understand the essence of the
problems.
Y: With open innovation, you need

to refine everyone’s interpersonal
skills in order to produce results. It’s
hard work. But by doing that, you can
resolve a lot of internal issues too.
M: Sensitivity is one thing, and then
it is important to give things a try.
Y: Even if you get information, if you
dismiss it because it’s not related to
your work, it just vanishes. In many
cases, we realize that we can use
things if we look at them differently.
People’s sensitivity is key. We should
be exposed to a variety of things.
S: A lot of people just want to resolve
the problem right in front of them.
Questions that help your imagination to grow are good. I think that
sensitivity is an accumulation of
experiences.
A: Because young people now have
more money, they have experienced
many things that we haven’t. They
are more sensitive. But they don’t
produce output, because it takes
effort. I don’t think that they aren’t
thinking, but rather that they’re not
used to producing output. In my team,
we say “be crazy.” It’s important to
come into contact with unfamiliar
things, and to ask yourself what we
could achieve if we combine them
with Daikin’s business. By telling
team members to “be crazy,” we aim
to expand the scope of what we might
connect with outside of Daikin.
Y: Rather than just saying predictable
things, I encourage them to say other
things. It’s a matter of developing
and expressing ideas from the
unexpected.
M: The concept is that people will
more boldly share ideas other than
what they think is expected of them
by the company. Things they think
could actually really be a hit.
A: I agree that it can really expand
your outlook. I think it also changes
your receptivity to information.
S: In my way of thinking, I think
people should speak to the kind of
people who have such sensitivity.
However, I would first choose who to
send them to ask.

Moving forward, open innovation is
how we will achieve our goals
M: Recently our problem is not a lack
of ideas, but how to output them.
We have a lot of interesting ideas.

People who never had any involvement with AI in their lives have
been attending AI lectures. However,
because this isn’t leading to anything
concrete, not everyone understands
it. We also have to think about open
innovation for the output. If we
decide to make a certain type of air
conditioning, everyone knows how to
do it, and we understand the schedule. We know what kinds of materials
we should read. But if, for example,
someone suggests technology for
raising cattle and horses, we don’t
know. And how would we go about
selling it? We need to think about
open innovation that will achieve
our goals.
Y: We don’t know how to look for
seeds.
M: Ideas for technology.
A: We aren’t able to quickly develop
software. There are aspects that we
can’t manage ourselves, so it’s essential that we partner with those who
are working in those fields.
M: We didn’t have a concept of working with external partners, but when
we attempted a variety of things
without success, that’s when we first
realized we needed to look externally.
I think we need to get used to this
approach.
A: Rather than spending time wondering whether or not to do something, we should give it a try.

Proposing functions 		
sought after in society,
without focusing on fluorine
S: When we’ve talked about value
creation, everyone froze up. But the
culture of feeling driven to do only
what the customer says is gradually
vanishing. If we consider something
as an obligation, it gives a negative
impression. When our environment
changed, and we were being pursued,
our thought process changed significantly. I am glad that I came to TIC.
We haven’t produced results yet, but
it’s good to be able to work together
with everyone.
A: There are more opportunities to
think together, for Sugiyama’s team in
particular.
S: My thinking is that we shouldn’t
only focus on fluorine. There’s
no way we can win if we are only

working with fluorine. My pet focus
is solutions. Fluorine offers surface
functions—it stays clean, doesn’t
get fingerprints, and repels water.
There are these benefits, but we
need to learn more about what we
can propose in response to a variety
of challenges. Ask ourselves what
value would be derived by using it in
certain ways. We need an approach
whereby we can make technological
proposals suited to the customer. I
believe that we need to think about
what kind of functions are being
sought after nowadays. Because we
have studied chemistry, we don’t need
to be fixated on fluorine. If we probe
the technology of other manufacturers we should be able to introduce
this to air conditioning.
Y: I’m sure this kind of approach
gives rise to solutions.

There is still further scope
for technological collaboration
within the company
S: We are pretending that we are
working on air conditioning for the
company (laughs), but we are also
keeping up to date with developments
at other chemical manufacturers.
M: That’s a good idea.
S: For example, at the outset we
were trying to develop defrost using
fluorine, but the question is really
how we can limit the production of
ice. In order to limit the creation of
ice, we consider what type of surface
configuration would be best. We can
then consider which manufacturer we
could approach to produce this. New
value is created once we work this out
and pass it over to the air conditioning departments, and then we can
acquire this technology. Although
fluorine is one option we could
use, if we think of this as the only
solution, we won’t be able to move
anywhere. Now we are advancing by
thinking about what kind of technology we need to satisfy the customer,
and then creating new technology
laterally.
M: Incidentally, Sawada, who works
in micro hydroelectric power generators, previously worked producing
inverter pumps. This came about
from the idea that by reversing the
direction, we could generate electric-

ity. That has become a good business opportunity.
Y: A lot of people even in Daikin
don’t realize we’re doing this kind of
thing.
A: There is still further scope for
technological collaboration within the
company.
M: The people who sell Sawada’s
products are in our Group, but in
effect this is external collaboration.
How we can turn this into business
is the challenge. Nowadays, we need
to find niche areas to expand our
proposals.
S: We need a lot of energy if we are
to develop these into business.
M: Let’s try our best to make it work
Y: We need to create success stories.
A: This year, we really need to see
whether the technology we have
created can be applied practically
in business, and turn this into
something. D

Reporter for "Symposium"
Kenichi Azuma

Chief Editor of Challenge
Technology and Innovation Center
I am keenly aware
that the most
important thing
when looking for
collaborative partners is an attitude
to increase our
appeal.

Inquiries: challenge@daikin.co.jp
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Instilling a new system of values, localizing development

Daikin has production bases in more than 90 locations worldwide, and actively operates in
more than 150 countries. At present, overseas sales account for over 75% of the company’s
total. In order to further expand globally, Daikin is focusing on localizing design and
development. Air conditioning needs vary from region to region, and product development
that is optimized for different cultures and value systems is essential for survival. Development
bases that advance product development are located across the world, such as in Europe and
Asia. However, a major new R&D base is also being established in North America, the world’s
largest air conditioning market. As Daikin battles to claim the largest share of the U.S. market,
we introduce the driving force and the features of this highly anticipated base.

Dai ki n Air-conditioning（Shanghai）Co., Ltd.

: Bases with R&D departments

Europe
FOCUS
REPORT

Turn to page 32

China
Japan

U.S.

Technology Innovation Center

Asia and Oceania

Worldwide
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Production bases
Development bases

Dai ki n Industries Czech Republic s.r.o.
Dai ki n's European Development Centre

Dai ki n Research & Development Malaysia Sdn. Bhd.

Daikin Industries（Thailand）Ltd.

Dai ki n Airconditioning India Pvt. Ltd.
It is May 24, 2017. In the suburbs of Houston, Texas, in
the southeast of the United States, an opening ceremony is
taking place for a huge hi-tech factory: Daikin Texas Technology Park (DTTP). Covering an area of two million square
meters, the site is the size of 43 Tokyo Domes. The factory’s
total floor space is 370,000 square meters. In the whole of
the United States, only Boeing has a larger factory.
DTTP is set to become the production base for Goodman
Global, the largest manufacturer of home air conditioners in
the United States, which was acquired by Daikin in 2012.
Houston is the birthplace of Goodman Global, and will
integrate the four factory and distribution bases that were
previously spread across the United States. DTTP utilizes
IoT, via which everything is connected to the Internet, and
management of work processes can be monitored even via
smartphones. Established jointly with this plant to develop
and produce differentiated products is the North American
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R&D Center.
However, the North American R&D Center does more
than simply develop the home unitary air conditioners that
Goodman specializes in and highly functional products with
increased added value; it is also engaged in product development for new duct system air conditioners, which are
mainstream across the United States, and in expanding the
uptake of ductless air conditioners, which Daikin specializes in.
It will become the world’s first innovation base to develop
both types of air conditioner. Utilizing Daikin’s core inverter
technology, the base aims to cater to American needs and
preferences and, in the long term, increase the penetration
of the Daikin brand.
Duct system air conditioners feature integrated external
and internal units which are often installed underground,
and send air to various rooms through large ducts. The
unitized air conditioners used in U.S. homes are also called

“unitary air conditioners.” On the other hand, “residential
air conditioners,” where an internal and external unit is
installed in each room, are popular in Japan. These air conditioners have no ducts, so they are called “ductless.”

North America is part of a new 			
current that pursues energy-saving solutions
Daikin promotes development into differentiated
products at its three research bases
The key to understanding Daikin’s localization strategy
lies in new currents flowing through America. The country
has traditionally been a mass consumption society; now,
however, there is an increasing focus on energy savings and
comfort. The market for quiet, ductless air conditioners,
which promise vast energy savings, is increasing at a rate of
more than 20% a year, and demand both for Daikin’s VRV
(a multi-split type air conditioner for commercial buildings)

and for Japanese-style residential air conditioners is also
growing. Ductless air conditioners are equipped with inverters, and have proven to be almost 30% more energy efficient
than duct system air conditioners. This is perhaps evidence
that the technologies developed by Daikin over many years
are beginning to win recognition.
However, Daikin is not content to rest on the laurels of its
existing core technologies. Indeed, the company would be
unable to survive if it did not create differentiated products
with new functions. And, for this, product development
based on advanced technologies such as AI and IoT, which
are causing significant shifts in the way societies and people
operate, are indispensable.
Responsible for AI and IoT is the Silicon Valley Technology Office (STO), located in San Jose, California. STO is
positioned within the company as an annex of the Technology Innovation Center (TIC), which opened in 2015. Utilizing
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Using advanced technologies
such as IoT and AI and securing
human resources is critical

TIC is a technological leader, and
its technological strength, ability to
communicate and centripetal force
will play a major role in the promotion of localization, which we are
advancing globally, particularly in
North America. How far can we
create new value through AI and
IoT? There are many things we
have to do going forwards, not least
secure human resources.

Yoshihisa Miyakojima

Deputy General Manager in charge of IoT and AI
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Daikin Applied Development Center

Silicon Valley Technology Office

STO was established in May 2017 with the aim of
strengthening IoT and AI technologies. However, in order
to succeed, it is essential to strengthen human resources
who can discover new technologies and connect them
to business at global bases and the TIC mother base. In
North America, where the pace of technological progress
is particularly swift, the acquisition of core personnel who
can absorb cutting-edge technologies while striving to
create new value will prove critical.

2017

Minnesota

The Daikin Applied Development Center was established in May
2009. The center was responsible for accelerating development
of differentiated products by fusing the applied air conditioning
technologies of McQuay International, which Daikin acquired in
2007, with Daikin’s own inverter technologies.

A Science Dream Created by People

Technology and Innovation Center
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In contrast to Japanese residential air conditioning, which adopts a one air conditioner per room
system, in America, it is usual to have home air
conditioning that relies on a central system. These
central systems are typically left on at all times, and
frequently operate even when nobody is at home.
Consequently, such systems run counter to the
trends of the current era of energy saving. Daikin’s
success in the American market, which is the birthplace of air conditioning, almost certainly depends
on being able to alter these habits.

DTTP was established in May 2017. Following the acquisition
of the major air conditioning manufacturer, Goodman Global,
Daikin made a full-scale entry into the American residential air
conditioning market. DTTP is one of the largest factories in the
United States, second only to the Boeing factory, and is engaged
in the production and development of a wide range of air conditioners, including those for home and business use.
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A desire both to contribute to society and
to succeed in business.
Micro hydroelectric generation is the result of
in-house collaboration.
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Development of
its proximity to Silicon Valley, where the world’s ICT engineers are gathered, STO acquires the latest, cutting-edge
information and realizes innovation through a talented
workforce. The technologies that are developed here are
applied to product development by DTTP and other bases.
Daikin has one further R&D base in the United States—
the Applied Development Center, which is situated close to
the Canadian border in Minneapolis, Minnesota. The center
was established in 2009, under the Daikin brand as a joint
venture with the major American industrial air conditioner
maker, McQuay, and has become a global leader in developing large-scale air conditioning facilities for use in major
plants and malls.
The North American R&D Center, STO, and the Applied
Development Center hold the key to success for Daikin’s
third foray into the United States market. Daikin has, in
fact, already attempted to expand into the U.S. market and
sell ductless air conditioners for home and business use
twice—in 1981 and 1998. However, the company was forced
to withdraw after failing to overcome a weak sales network
and the cultural barrier of a country in which duct system
air conditioners were mainstream.
Daikin’s third foray began in 2005 with the establishment of Daikin Air Conditioning Americas. In 2007, Daikin
acquired Malaysia’s OYL Industries, which in turn owned
McQuay, and acquired Goodman Global in 2012. Through
strategic M&As, Daikin established a bridgehead through
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which to allow the Daikin brand to penetrate the United
States. The company focused on research and development
at the same time, and, utilizing the sales strength and synergistic effects of the Goodman brand, it steadily increased
its sales of air conditioners in the country. In 2016, Daikin
achieved sales of 513.4 billion yen, approximately five times
higher than in 2012. This figure surpassed the total sales of
the Japanese market, which stood at 431.7 billion yen.

TIC leads joint development and global expansion
Generating new AI and IoT values for the world
However, when discussing localization and global expansion, it is imperative to recognize the importance of support from Japan. TIC is the technological leader. It works
together on development with Japanese and overseas
partners in a variety of fields and, as the mother base that
creates “products that make people dream,” “differentiated
technologies,” and “new values,” it also provides support to
overseas bases.
TIC employs 700 researchers, and one of its roles is to
develop “base models,” which aim to utilize regional characteristics in order to offer differentiation. As an example with
air conditioning, Japanese people prefer controlled airflow
that doesn’t blow against people directly; in China, by contrast, there is a demand for air conditioners that deliver cool
air as far as possible.
TIC’s second role is the further development of core

technologies such as inverters. It is essential that Daikin
continually updates its core components, compressors and
refrigerant control technologies so that it can maintain superiority over its competition.
TIC’s third role is human resources development.
In order to promote the realization of these goals, in June
this year Daikin embarked on a comprehensive collaboration with Osaka University focusing on information science. Through this collaboration, Daikin intends to engage
in fundamental research into technologies such as AI and
IoT, in establishing systems such as smart factories, and in
advancing human resources development. It is a large-scale
collaborative project which will see 5.6 billion yen invested
in Osaka University over a period of ten years.
North America is the world’s largest air conditioning
market, worth more than four trillion yen per year, and
Daikin currently has the fourth largest share. Chairman
Noriyuki Inoue has stated that Daikin’s goal is to secure the
leading share of the North American market by 2020. The
company is steadily consolidating its position, and the commencement of operations at DTTP and the establishment
of the R&D center will act as triggers to accelerate Daikin’s
expansion on the continent.
“Learn from past failures, and instill new cultures and
value systems.” Daikin’s relentless quest for improvement
and its North American challenge are about to arrive at the
moment of truth. D
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About Challenge
If you remove the letters “lle” from the word
“challenge” it leaves “change.”
The title of this publication reflects the change
which comes about through challenge, which is the
aim of TIC and the heart of our corporate culture.
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TIC seeks collaborative partners with whom to generate
new value. For further inquiries, please contact:
challenge@daikin.co.jp
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