
s your home comfortable? It is said 
that many people in Japan live in an 
environment that is particularly cold 

in winter. This is partly due to the structural 
problems of Japanese housing but also because 
Japanese people have traditionally preferred 
methods of heating that involve warming 
themselves near a heat source, such as a sunken 
fireplace and a kotatsu (low, covered table), 
rather than heating the entire house. This leads 
to a great difference in temperature between 
different parts of a housing unit, which can 
cause heat shock, a health hazard, to its dwellers. 
Creating a healthy and comfortable living 
environment through an engineering approach 
and with minimum energy consumption is the 
basic theme of my research.
The pursuit of greater housing comfort usually 
requires larger quantities of energy. You have 
perhaps personally experienced this principle 
due to the COVID-19 crisis: you open the 
windows more frequently for ventilation, which 
lowers (or raises) the indoor temperature, which 
consequently necessitates greater use of AC 
units. In one of my ongoing research projects, I 
am developing a system that increases ventila-
tion without increasing energy consumption. 
The key is the efficient use of a heat pump, and 
not relying on people’s patience.
A heat pump operates on the same principle as 
air conditioners and refrigerators. The efficiency 
of the device itself has been increasing year after 
year, but its energy-saving efficiency largely 
varies, depending on how it is used. An air 
conditioner comprises outdoor and indoor units 
used in tandem, the former collecting heat from 
the atmosphere. Heat pump energy efficiency 

fluctuates, according to 
exterior temperatures: it saves 
more energy when the 
temperature is lower for 
cool ing,  and when the 
temperature is higher for 
heating. In general, however, 
cooling is more needed when 
the exterior temperature is 
higher, and heating is needed 
for lower exterior tempera-
tures. A heat source that is 
more suitable for a heat pump 
may be able to solve this 
problem: unutilized energy in 
the ground, river and sea 
waters, etc. My research 
involves developing a system 
that uses heat collected from 
water in ponds dispersed 
around the Seto Inland Sea area. So far, I have 
found that pond water heat is suitable for a heat 
pump since its temperature is considerably low, 
around 15°C even in summer, at 5 meters below 
sea level or deeper toward the bottom. I hope to 
be able to produce a system unique to the region 
that cannot be realized in a big city.
In 2021, Hiroshima University issued a “Carbon 
Neutral x Smart Campus 5.0 Declaration,” 
committing itself to actions to achieve carbon 
neutrality by 2030. With regard to “carbon 
neutrality,” the use of solar panels to generate 
power and other such technologies seem to 
attract people’s attention, but it is equally 
important to think of ways to reduce energy 
consumption in buildings. Introducing heat 
pumps using unutilized  energy will be a major 

step in this direction. Energy conservation may 
sound like an outdated term, but its essential 
importance has not changed over the years.
What I find particularly significant about my 
research is its utility to society in improving 
spaces inside buildings that are indispensable 
for people’s lives. I am hoping to communicate 
from Hiroshima University to society and to the 
whole world my research findings that can 
increase comfort in people’s lives while caring 
for the environment.
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Background photo: For its natural convection, water can release waste heat from a heat pump more efficiently 
than earth. Prof. Kindaichi is working toward the practical application of an unutilized energy-based heat pump 
that uses water stored in a retention basin as a heat source.

“Engineering is an academic 
discipline for society and 
people. I want to create a 
housing environment that 
ensures people’s health and 
comfort without increasing 
energy consumption,” says Prof. 
Kindaichi.

hy does a fertilized egg divide not 
into two fertilized eggs, but instead 
into all kinds of cells in succession 

and develop into an adult? I first became 
interested in animal development (the process 
of an egg growing into an adult individual) 
when I was in high school. I had forgotten 
about this question for a while until it 
resurfaced during a developmental biology 
class at university. I ended up joining a 
developmental biology laboratory in graduate 
school. Using Drosophila melanogaster (fruit 
fly), a common model animal in high school 
biology textbooks, I set out to find which genes 
were involved in the process whereby nerve 
cells took shape. I dissected thousands of fruit 
fly brains and observed the morphology of 
nerve cells every day. Finally, I obtained the 
results indicating that an unexpected gene is 
involved in the morphological development, 
which I put together in a paper, and then 

published.
Since finishing graduate school, I have been 
continuing my research, expanding its scope 
to include environmental factors, in addition 
to genes. Animal development is determined 
not only by the genetic information but also 
the environment in which they grow. Among 
your friends and acquaintances, there are 
perhaps identical twins. They carry exactly the 
same genetic information, but I am sure they 
are not totally identical as persons. This is 
because the environment where they grew up 
has also influenced their morphology, dispo-
sition, and so on.
To elucidate how the environment influences 
animal development, I am currently conduct-
ing research using Pristionchus pacificus 
(roundworms) as a model organism. Roundworms 
are about 1 mm in length and, interestingly, 
their mouth can take one of two shapes, 
depending on the environment it grows in. The 

focus of my research is the light environment 
during the developmental process. In addition 
to microscopic observation, I actively apply 
new technologies in my research, such as 
genome editing and bioinformatics.
It is known that the environment in which 
animals grow influences not only their 
development but also their susceptibility to 
disease in adulthood. How this is related to the 
environment during the fetal period and 
infancy is still largely unknown. I am hoping 
that my research with roundworms will eventu-
ally lead to such basic findings.
Hiroshima University is an excellent environ-
ment in which you can learn to your heart’s 
content. I hope that students will learn and 
grow as persons while cherishing the questions 
and interests that arise in them as they encoun-
ter various people and acquire new knowledge 
at university.
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*HiSIM (Hiroshima-University STARC IGFET Model) is a 
transistor model used in circuit design that has been developed 
by  Hi rosh ima  Un ive r s i ty  in  co l l abora t ion  w i th  the  
Semiconductor Technology Academic Research Center (STARC).

Research Institute for Radiation Biology and Medicine 

Attached Research Institute

The Institute conducts comprehensive research projects 
on the effects of radiation on the human body, ranging 
from cutting-edge basic research in genomics to advanced 
clinical deployment of regenerative medicine, etc. While 
being involved in research and development of medical 
treatments for A-bomb survivors for over half a century, 
the Institute is actively engaged, as a research hub in the 
field of radiation disaster medical science, in joint research 
projects with researchers and doctors across the country.

National Joint Usage Facilities

Hiroshima Synchrotron Radiation Center
Synchrotron radiation is generated when an 
electron traveling at the speed of light is 
forced to change direction by a magnetic 
field. Synchrotron radiation is called “dream 
light” because it is not only powerful but 
also includes light of various wavelengths. 
The center promotes advanced materials 
science and emerging interdisciplinary fields 
using synchrotron radiation.

“English is essential for us 
to  access  the  la tes t  
research findings, write 
papers, and communicate 
with other researchers. To 
use bioinformatics, which 
combines biology with 
data processing, we must 
also have programming 
skills. So I’m currently 
learn ing  them wi th  
students,” says Prof. 
Okumura.

Like roundworms, fruit flies make excellent lab 
animals for genetic experiments because of their short 
generation time. In the photo, flies are exposed to 
carbon dioxide for anesthesia.

Electron microscope images of the mouth of Pristionchus pacificus (photographed at HU’s 
joint-use experiment facility); the shape of the mouth becomes either wide (left) or narrow 
(right), depending on the environment.
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A heat pump for a healthy, comfortable,
and environment-friendly living space

Temperature
°C 14.0 15.0 16.0 17.0 18.0 19.0 20.0 21.0 22.0 23.0 24.0

How is the development of animals regulated by
the interaction of the environment and genome？

Distinctive research facilities    supporting world-class research 
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Analysis of indoor temperature distribution during 
whole-house ductless heating by an air conditioner 
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The geothermal heat pump experimental system

A confocal microscope image of Pristionchus pacificus 
(roundworm) expressing flurescent protein (red) in the 
sensory neurons; it shows that the nerve cells that perceive 
environmental stimuli extend to the tip of the mouth.

A single air conditioner, installed in the space underneath the floor, can heat the whole 
house by allowing heated air to spread throughout the house via slits.
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