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It is with tremendous excitement
that I can now give you a very warm
welcome to the first ever edition of

Asia Analysis.

In this exciting and thought-provoking
issue, one of the many highlights
comes from Masanori Osumi, Japan-
side General Manager and Philippe de
Taxis du Poët, EU-side General Manager
of the EU-Japan Centre for Industrial
Cooperation. In their article, they
explain why a new era begins now
when it comes to promoting industrial,
trade and investment cooperation
between the EU and Japan.

We also learn about the mission of the
Ministry of Health, Labour and Welfare
in Japan when it comes to protecting
people now and in the future, as well
as delivering a sustainable healthcare
system.

A particularly interesting article comes
from Deputy Director of the Seismolog-
ical Center Central Weather Bureau
(CWB) in Taiwan, Nai-Chi Hsiao, who

reveals how the country’s quick earth-
quake alert system provides notification
when it comes to ensuring disaster risk
reduction.

We also find out about the Ministry of
Science & Technology (MOST) in Taiwan
in our analysis, which details why in the
age of the knowledge-based economy,
science and technology has become a
key driver of growth and national
progress in the country.

I hope that you really enjoy browsing
through this publication and that you
will join us for more in the future. ■

Jonathan Miles
Editor

@Jonathan_AdjDig
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Delivering a sustainable healthcare
system: Protecting health in Japan

The mission of the Ministry of Health, Labour and
Welfare (MHLW) in Japan can be summed by the
catchphrase: “For people, for life, for the future.”

On the Ministry’s website, we find out that this catch-
phrase concisely summarises the notion that MHLW
takes a role in protecting people and their lives – not
only now but also in the years ahead.

Probing further into this most important notion, we
learn that to achieve this purpose, action guidelines
have, therefore, been set out for employees at the 
Ministry to abide by which are:

The Ministry undertakes its tasks in a fair manner in•
accordance with high ethical standards.

They supply administrative services in response to•
the demands of the public and times we live in.

They also act from the point of view of individual •
citizens.

They also strive for an open government approach,•
which is facilitated by providing information in an
easy-to-understand way.

In addition, it’s also important to add to put the afore-
mentioned guidelines into practice, so the Ministry
must be mindful of the following factors on a daily
basis as they undertake their duties and take an active
approach:

The mission of the Ministry of Health, Labour and Welfare (MHLW) in Japan in protecting people now
and in the future, as well as delivering a sustainable healthcare system, are detailed here
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The Ministry carries out their work efficiently and•
quickly by approaching their job with a sense of both
pride and responsibility.

They locate issues on their own initiative and work•
together to seek a solution.

They also endeavour to keep up their level of ability•
and to remain in a state of continual improvement. (1)

“Amidst rapid population ageing, advances in
medical technology, and major shifts in healthcare, 
a healthcare system that contributes to financial
stability while engaging each sector of society to
support a nation of health and well-being, where
each person is empowered to realise their full

wellness potential.”

Prevention of heat strokes
One example of precisely how the MHLW is protecting
Japanese people and their lives is the advice they give
when it comes to preventing heat strokes. The important
point here is that heat stroke can be prevented if the
correct preventative measures are taken. The Ministry’s
website underlines that the individual must have a 
correct understanding of heat strokes and be aware of
any changes in their physical condition. Added to this,
it is also important to watch out for other people and
as such, help prevent them from getting heat stroke.

We know that heat stroke happens under the conditions
of humidity and high temperature in which case, the
balance of the water and salt in the body is disrupted
and thermoregulation does not function in the way it
should. So, with the accumulation of heat in the body,
symptoms such as fatigue, muscle aches, heavy sweating
and nausea appear. In some very severe cases, the
person experiences a loss of consciousness.

Going back to this point about prevention, in this 
case, we know that the intake of water and salt is 
recommended. Added to this, it is recommended that
elderly people and children should follow this advice,
even if they do not feel thirsty. It’s interesting to note
that indoor environments can create heat strokes but
this can be prevented by adjusting temperatures using
air-conditioning and electric fans. Other suggested

measures include wearing a hat, seeking shade and not
going outside during the afternoon on a very hot day. (2)

Conclusion – the priorities for healthcare
in Japan
Looking ahead, the Ministry has a very clear goal to
deliver a sustainable healthcare system that delivers
unmatched outcomes through care that is responsive
and equitable to each member of society, and that 
contributes to prosperity in the country and across the
world. A healthcare system must be designed for all
lifestyles and people – including people of all ages and
providers – where each person is supported to make
the life choices that are right for them. This notion is
explored further as we leave the last word to the 
Ministry of Health, Labour and Welfare (MHLW) in
Japan about their vision for the future of healthcare.
This takes us back to the point made at the beginning
of the article about the Ministry’s role in protecting
people and their lives – now and in the future.

“Amidst rapid population ageing, advances in medical
technology, and major shifts in healthcare, a health-
care system that contributes to financial stability while
engaging each sector of society to support a nation of
health and well-being, where each person is empow-
ered to realise their full wellness potential.” (3) ■
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The Japan Eye Genetics Consor-
tium (JEGC) was established with
the support of the Japanese

Ministry of Health, Labour and Welfare
to investigate genes responsible for
inherited retinal diseases, including
inherited optic neuropathy and inher-
ited normal tension glaucoma. Pheno-
typic information and blood samples
were collected from more than 38 oph-
thalmology departments in Japan.
Whole exome analysis was performed
for over 2,500 DNA samples collected,
resulting in a large number of gene
mutation specific to the Japanese pop-
ulation. A number of novel disease-
causing genes were also identified in
this study. These novel genes will open
new insight into how retina functions
to maintain normal vision. 

Common eye diseases, such as
cataract, myopia, glaucoma and 
age-related macular degeneration are
partly due to genetics, but the influ-
ence of a person’s genotype is more
profound in inherited eye diseases.
Inherited retinal diseases (IRD) are a
group of rare ocular disease which
effects retinal function, leading to a
number of eye disease including
retinitis pigmentosa (RP), macular dys-
trophy, Stargardt’s disease, stationary
night blindness and 34 other diseases.
These diseases are caused by gene
mutation leading to the failure of cell
function in the retina, such as pho-
toreceptors, retinal pigment epithelial
(RPE) cells, and bipolar cells. Inherited
optic neuropathy and inherited glau-

coma are caused by the failure of reti-
nal ganglion cells (RGC), another cell
type in the retina. Gene mutations are
found in dominant, recessive, x-linked
or sporadic forms and may change in
certain ethnic groups or occur more
commonly in particular ethnicities.
Over 260 genes have been identified
mainly in the Caucasian population
but not enough studies have been
conducted in the Japanese patients.

To determine the types of IRD in the
Japanese population and to identify
the disease-causing gene mutation,
the JEGC was established in 2011. Initial
members were from ophthalmology
departments of National Hospital
Organization Tokyo Medical Center
(NHOTMC), Aichi Medical University,
Nagoya University, Mie University,
Teikyo University, and Kinki University
and the total number now involved
has increased to 38. The project was
initially funded by the Japanese Min-
istry of Health, Labour and Welfare
and later by the Japan Agency for
Medical Research and Development
(AMED). This was the first attempt in
Japan to survey IRD patients on the
scale of the entire country. Since
many of the inherited retinal diseases
are extremely rare, collaboration at
the level of one country is necessary
to collect enough patients to study the
disease. 

Each ophthalmologist enters a
patient’s phenotype information and
the family pedigree into the JEGC

Genotype-Phenotype Database. In
addition to text-based information,
fundus photo, fluorescein angiogram,
optical coherence tomography, 
autofluorescence, electroretinogram
(ERG), visual field and other pheno-
typic images are collected from each
patient and family member. To main-
tain the quality of the diagnostic, 
JEGC designated ten ophthalmologists 
specialised in each retinal disease.
Saliva or blood samples are sent to
the National Institute of Sensory
Organs (NISO)/NHOTMC for whole
genome analysis. Over 1,400 family
pedigrees have been collected, and
the consortium aims to gather 5,000
in total. From the beginning of this
project, we were surprised to observe
that 80% of families studied were
found to have novel gene mutations.
Approximately 8% of the families were
found with a potentially novel dis-
ease-causing gene of unknown func-
tion. Functional analysis is underway
to characterise each of these genes 
in detail.

In 2015, the funding for JEGC project
moved to a new government agency
AMED. AMED was established in April
2015 to combine grant funding of
three Japanese ministries to catalyse
the process of medical innovation and
overcome the barriers between min-
istries, connecting talented research
groups in Japan and elsewhere to
accelerate medical research and ther-
apeutic development. Under the AMED
funding, additional goals of identifying
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Advancing research and developing new
therapies for inherited retinal eye diseases



the molecular mechanisms of disease
onset and development of therapies
for retinal eye diseases were added to
the project. After genetic analysis of
over 1,300 patient families, over 100
families are potentially caused by novel
genes of unknown functions. JEGC has
identified five novel genes for occult
macular dystrophy (RP1L1), Leber’s
congenital amaurosis (CCT2), retinitis
pigmentosa (C21orf2), cone-rod dys-
trophy (C21orf2), macular dystrophy
(LRRTM4) and continuously works on
the rest of the novel genes. We were
able to show that knock-in mice from
each gene also developed a patient-
like phenotype which adds more proof
to the disease association. 

“Common eye diseases, such as
cataract, myopia, glaucoma and 
age-related macular degeneration 
are partly due to genetics, but the
influence of a person’s genotype is
more profound in inherited eye
diseases.”

A significant amount of information
has been accumulated for how a
normal retina functions, however, the
biological influence of each gene muta-
tion to a normal retina has not covered
for all disease-causing genes. As more
novel disease-causing genes are dis-
covered, the mutant functional study
needs to catch up. The omics, genome,
transcriptome, proteome techniques
are being applied to this investigation.
Induced pluripotent stem (iPS) cells,
from patients are generated and differ-
entiate to neuronal cells, RPE cells or
other retinal cells to observe the
patient condition in the mimicked cells.
We also developed mutant animal
models using CRISPR/Cas9 gene edit-
ing system to prove that one amino
acid substitution can lead to the onset
of disease. Protein interaction studies
and protein modification analysis is

performed as part of the functional
analysis of mutant proteins. 

These functional analyses provide
basic seed information to search for a
potential drug to prevent or slow
down the progression of the diseases.
Such a result was achieved in our lab
from functional analysis of inherited
glaucoma gene optineurin (OPTN). A
mutation in OPTN can lead to severe
glaucoma with strong penetration in
the family with the mutation. A
patient carrying this mutation is likely
to lose half of their visual field by the
age of 40 and will progress to full
blindness by the age of 80. The
mutant OPTN E50K protein strongly
binds to a protein called TANK binding
kinase-1 (TBK1), which gave us drug
target. We found that by chemically
inhibiting TBK1, this protein associa-
tion was greatly reduced. We further
identified an FDA-approved drug
Amlexanox that inhibited TBK1and
tested this for a year with disease
model OPTN E50K knock-in NTG mice.
After one year, we showed that the
drug provided significant neural 
protection from the precursors to

glaucoma. JEGC is regularly contacted
by pharmaceutical companies from
around the world who are planning
clinical trials. A number of clinical
trials are underway in JEGC.

From the success of JEGC, Asian Eye
Genetics Consortium (AEGC) was
established in 2014 by four countries.
In 2018, a plan to expand to Africa and
South America was unanimously
approved and Global Eye Genetics
Consortium (GEGC) was established.
GEGC China was launched in May
2018 and GEGC India in February
2019. In each of the regional GEGC
meetings, JEGC has been shown as
one of the successful models to main-
tain its structure representing the
entire country. As we move towards
an era of globalisation, it would be
easier to share genetic eye informa-
tion through similar organisations
from each country. GEGC has now
grown to 30 counties and is being 
promoted to countries throughout
Asia, Africa and South America. 

Takeshi Iwata
Division Director
National Institute of Sensory Organs, 
National Hospital Organization Tokyo 
Medical Center
2-1-5, Higashigaoka, Meguro-ku, 
Tokyo, 152-8902, Japan 
Tel: +81 3 3411 1026 
takeshi.iwata@kankakuki.go.jp
http://iwatalab.org
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According to the Department of Health of the
Government of the Hong Kong Special 
Administrative Region, the pursuit of health is

essential for the overall development of the commu-
nity, as well as the well-being of the individual citizen.
The Department of Health is the government’s health
adviser and agency to deliver health policies and statu-
tory functions and as such, it plays a key part in the
country’s healthcare system. Dr CHAN Hon-yee, Con-
stance, JP Director of Health from the Department
offers her thoughts on the health care priorities of
Hong Kong.

“We safeguard the health of the people of Hong Kong
through promotive, preventive, curative and rehabili-
tative services as well as fostering community partner-
ship and international collaboration. 

“We are committed to providing a quality client-ori-
ented service. We also attach great importance to fos-
tering partnership with the community and other
health care professionals and bodies, both local and
worldwide, in the joint effort to promote the health of
the people of Hong Kong.” (1)

Elderly health services
By way of background, it’s worth noting that The Eld-
erly Health Service consists of 18 elderly health centres
and 18 visiting health teams. (2) Their mission is nothing
but providing quality primary health care services that
promote the health of their elderly population. (3)

This analysis will focus on an aspect of the Depart-
ment’s work, the Elderly Health Service which provides
primary health care to the elderly, which, in turn,

Healthcare in Hong Kong: A focus 
on elderly health services

The priorities of healthcare in Hong Kong are explored here, with a special focus on the delivery of
elderly health services in the country
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improves their self-care ability, encourages healthy
living and strengthens family support in order to min-
imise disability and illness. The services offered include:

1. Public health & administration
To analyse and collect information on the elderly’s
health status in Hong Kong to provide a timely health
intervention programme.

2. Elderly health centres
The elderly health centres in the country seek to detect
diseases earlier and identify health risks to enable
timely intervention and prevention of complications.
Those aged 65 or above can enrol as members of 
elderly health centres, where they are provided with a
health assessment, counselling, health education and
curative treatment services.

3. Visiting health teams
Visiting health teams deliver health promotion pro-
grammes free of charge in the community to increase
the elderly’s self-care ability and health awareness. By
making use of the train-the-trainer approach, visiting
health teams provide training programmes for carers

to improve health knowledge and skills when it comes
to caring for the elderly. (4)

The ageing and elderly healthcare
landscape in Hong Kong
The Elderly Health Service is of the opinion that ageing
is a necessary stage in life, indeed with an optimistic
attitude in place they believe that one can live a fruitful
life and enjoy their later years. 

An important point to add here is that the elderly in
Hong Kong who require help with their daily lives is on
the rise. As such, we know it is really important that
caregivers apply the proper skills of ‘lifting and transfer’
to avoid repetitive strain injury. Of course, this
approach instils a sense of security in the elderly
person and ensures a smooth and safe transfer. This
approach is vital when assisting the elderly with every-
day tasks such as getting up from bed or transferring
them to the wheelchair or with toileting. (5)

Other areas on the website are extensive and include
issues such as healthy ageing, mental health, self-care,
home safety plus common health problems such as

“We are committed to providing
quality client-oriented service. We also
attach great importance to fostering
partnership with the community and
other health care professionals and
bodies, both local and worldwide, in
the joint effort to promote the health

of the people of Hong Kong.”
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bones and joints, cancer, dementia and diabetes to
name a few. If that was not enough, there is even a
very helpful section for carers, with useful details con-
cerning dementia care, swallowing and diet, wound
care and stress management, amongst many others.

Osteoporosis
Taking one of these areas, let’s focus now on a
common health problem, osteoporosis, which is a
metabolic disease of the bone that results in a reduc-
tion in bone density. Certainly, the affected bones
become thinner and are more likely to break (fractures)
which may result in pain and other complications,
including a loss of independence.

While osteoporosis produces no symptoms on its own,
if an osteoporosis-related fracture occurs, there may
be localised pain over the fracture sites. An osteo-
porotic fracture often includes the site of the thigh
bone near the hip joint, spine (vertebrae) and the fore-
arm close to the wrist. While hip fracture may occur
after a minor fall, the spine can fracture without any
associated trauma. In addition, a vertebral fracture can
result in a decrease in body height, a hunched-back
and sometimes, back pain. The website of The Elderly
Health Service also provides further details in this vein,
such as tips on what to do if you are suffering from
osteoporosis and if it is preventable. (6)

Low back pain (LBP)
Looking at another highlighted area, we know that low
back pain (LBP) today is a very common medical prob-
lem. While there are many causes of LBP including
injuries, diseases and degeneration, poor posture
accelerates degenerative changes of the spine, so the
importance of proper posture cannot be emphasised
enough. Certainly, good posture helps to prevent
unnecessary fatigue and injuries that can occur when
the body is not in proper alignment. Those who suffer
from LB should see a doctor, who can assist with indi-
vidual treatment plans and can, of course, identify a
specific source of the pain. 

Staying on this topic, we know that the central portion
of the back is composed of a bony spinal column sur-
rounded by muscles and ligaments. Tips include stand-
ing, which is quoted below but you can also find out
more about sitting, lying and many other areas in this
vein. We also learn here that appropriate exercise
helps to maintain general fitness and back health.

“While standing, keep your body straight with ears,
shoulders and hips vertically aligned. Your shoulders
should not be rounded inwards or tilted forwards. Your
hips should not be flexed or hyper-extended. Tuck your
abdomen in. Make sure your chin is not held too high
and your head is not dropping. Use your abdominal

NEURODEGENERATIVE DISEASES
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muscles to keep your chest lifted and your back 
supported.” (7)

The importance of activity
Finally, let’s look at just one of the many areas high-
lighted on The Elderly Health Service’s website that
concerns activity. Here, we learn that activities are an
integral part of our lives and become more important
for the elderly who find themselves with more leisure
time after they retire. 

Some elderly people think that they might be too old
for joining activities but taking part in them can provide
many benefits like becoming healthier by taking part
in physical activities, such as tai chi, as well as dancing
and swimming which both benefit coordination, mobility
and cardiopulmonary function. Another example is
cognitive training, which can include playing computer
games, chess or board games that can improve cognitive
reserve and exercise the brain.

It is said that activities like going to restaurants, singing
and watching movies can help older people to express
their emotion and relieve anxiety, which of course,
makes them feel better. It’s well worth a look at the
Ministry’s additional tips for engaging activities that the
elderly can take part in, such as group activities, learn-
ing new things or promoting and maintaining ability in

self-care. Let’s leave the last word to The Elderly Health
Service who explain how confidence can be increased
in this valued and important group of people in society.

“Participation in voluntary work can increase confidence
and offer sense of satisfaction. Elders can choose to
participate in activities, such as calligraphy, painting,
handicrafts according to their own interests, through
which, they can make good use of their creativity and
talent.” (8) ■

References
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Hong Kong is facing a rapidly
ageing population in the
coming decades. Alongside

population ageing, the incidence of
hip fracture, the most disabling of
common fractures in old age, has
been rising steadily. In 2009, the 
incidence was 341.7 in men and 703.1
in women, per 100,000 people aged
65 years or over per year (Chau et al.,
2013). The direct costs to the public
hospital were estimated to be $10,400
in 2017 (Su et al., 2018). The indirect
costs which are expected to be more
substantial have not been compre-
hensively studied. In Taiwan, the indi-
rect costs of a hip fracture were
$1760, $480 and $173 for nursing
home, caregiver and outpatient clinic
annually in 2010 (Chan et al., 2017). 

A cross-sectional study of 2914 fragility
hip fracture patients in six hospitals in
Hong Kong showed that the average
age of hip fracture patients was
82.1±8.6 years. One-third of them were
men, and 73.7% were community-
dwelling before fracture (Leung et al.,
2017). Most, if not all older people with
a hip fracture have osteoporosis as
defined by dual energy X-ray absorp-
tiometry (DXA), and drug treatment for
osteoporosis has been consistently
shown to reduce hip fracture incidence
by 40% (Kanis et al., 2013). It is, there-
fore, possible to prevent hip fractures
if all older people are screened for
osteoporosis and receive osteoporosis
drug treatment. Yet in Leung’s study,

only 4.2% of hip fracture patients were
diagnosed and treated for osteoporo-
sis before the fracture. According to
the profile of patients in our osteo-
porosis clinic which is the largest in
Hong Kong, only 29.2% in 2017 were
70 years or more. These suggested
that very few older people have DXA
screening, despite the availability of
DXA services in the private sector
(Kwok et al., 2017). 

A major reason for the very low 
take-up rate of DXA screening in older
people in Hong Kong is the lack of
specific public funding support. In 
collaboration with other local profes-
sional bodies, our centre is advocating
the use of public funding support for
a universal osteoporosis screening 
programme to benefit older people in
Hong Kong. Universal osteoporosis
screening by DXA for women aged 65
years and men aged 70 years or more
has been recommended by profes-
sional bodies in the U.S., UK and Euro-
pean countries, and this strategy has
been shown to be cost-effective for
governments (Dell et al., 2010). Some
Asian countries e.g. Japan and South
Korea also provide funding support
for osteoporosis screening (Mithal et
al., 2013). With the availability of 
effective affordable generic drugs for
osteoporosis, it is feasible to leave the
long-term management of osteoporo-
sis to primary care doctors who are
mostly in private practices in Hong
Kong.

Another major reason is the lack of
awareness of fracture risk among
older people. Osteoporosis is a
common but most neglected disease
(International Osteoporosis Founda-
tion, 2000), especially in men (Haas et
al., 2007). A randomised trial in the UK
showed that the postage of a hip 
fracture risk questionnaire (FRAX) to
women aged 70 years or more,
together with training of primary care
doctors in osteoporosis management
resulted in more osteoporosis diagno-
sis and drug treatment and a 28%
reduction in hip fracture incidence
over five years (Shepstone et al.,
2018). Our centre has been running a
prospective cohort study of 4,000
older men and women to examine the
risk factors of fractures in older
people since 2001. According to our
data, the combination of FRAX and a
validated five-item questionnaire for
sarcopenia increased the sensitivity
for hip fracture incidence from 58.7%
in men and 69.9% in women to 80% 
in both sexes (Su et al., 2019). The
widespread use of this questionnaire
in older people in the community may
prompt more older people to seek
DXA screening.

Most hip fractures occur after a fall,
and fall history is a risk factor for a 
further fall, and can independently
predict fracture in older men (Scott et
al., 2007; Woo et al., 2009; Wu et al.,
2013). The prevention of falls, espe-
cially in those who have fallen and

Professor Timothy Kwok, Director of the Jockey Club Centre for Osteoporosis Care
and Control at the Chinese University of Hong Kong, provides a fascinating insight
on the challenge of the city’s rapidly ageing population

Research about Hong Kong’s 
rapidly ageing population
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those with osteoporosis is another
effective means to prevent hip fracture
in older people. Randomised trials of
balance exercise including Tai Chi
have shown reduction in fracture 
incidence in those with osteoporosis
and among older fallers (Gillespie et
al., 2009; Sherrington et al., 2011). Fall
risk assessment should, therefore, be
a routine for those who are diagnosed
to have osteoporosis and have had a
fall within twelve months. 

In a project funded by the Hong Kong
Jockey Club, our centre has assessed
over 1,300 community-dwelling older
people who have had a fall over the
past few years. Their fall risk was 
systematically assessed by a validated
procedure PPA (Lord, Menz, & Tiede-
mann, 2003). According to this assess-
ment, 36.6% were found to have
moderate to severe instability. Apart
from balance exercise group, we offer
a home-based balance exercise pro-
gramme “LIFE” which has been shown
to reduce the number of further 
falls (Clemson et al., 2012). We have
further improved on the programme
by adding in- home safety assessment
by an occupational therapist, which
has also been shown to prevent falls
(Chu et al., 2017). A randomised trial
of the modified “LIFE” programme is
on-going. 

Last but by no means least, according
to Leung’s study, 26.3% of hip fracture
patients were nursing home residents.
Nursing home residents are at high
risk of hip fractures and osteoporosis
(Leung et al., 2017). Osteoporosis
drugs are potentially useful in pre-
venting hip fractures. But there is a
practical problem in performing DXA
in people with mobility problems, 
and because of disabilities and limited
life expectancy, the risk and benefit 
of osteoporosis screening and drug
treatment are finely balanced and
should be assessed individually. Our

centre is collaborating with Caritas
College in identifying clinical risk 
factors of fractures in nursing home
residents. 

All in all, hip fracture in older people
is a preventable condition. There is a
lot of evidence that treatment for
osteoporosis and fall preventive 
measures can prevent hip fractures
(Chau et al., 2013, Kanis et al., 2013).
But a more proactive and systematic
approach directed by the government
is required to translate knowledge
into real impact on the incidence of
hip fractures.
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On the subject of how phos-
phate accelerates ageing, my
current research interest

stems from my serendipitous discovery
of an obscure mutant mouse strain
that inherits a premature ageing syn-
drome in an autosomal recessive
manner. The mutant was named after
a Greek goddess klotho who spins the
thread of life. Mice homozygous for the
klotho allele (kl/kl) develop complex
ageing-like phenotypes when they are
around four weeks of age, including
atrophy of multiple organs (gonads,
thymus, and skin), sarcopenia, vascular
calcification, cardiac hypertrophy,
osteopenia, cognition impairment,
hearing disturbance among others,
resulting in frailty and premature
death. The klotho allele is a severe
hypomorphic allele for the klotho gene,
which encodes a single-pass trans-
membrane protein and is expressed
primarily in renal tubular cells. 

Subsequently, we found that Klotho
protein functions as the receptor for
fibroblast growth factor-23 (FGF23).
FGF23 is a “phosphaturic” hormone
secreted from the bone upon dietary
phosphate intake and acts on renal
tubular cells to inhibit phosphate
reabsorption, thereby, increasing
phosphate excretion into urine. Mice
defective in klotho expression (kl/kl

mice) suffer from phosphate retention
and develop hyperphosphatemia due
to impaired urinary phosphate excre-
tion, indicating that the FGF23-Klotho
endocrine axis is indispensable for
maintaining phosphate homeostasis.
Importantly, restoration of the phos-
phate balance by placing kl/kl mice on
low phosphate diet rescues them not
only from hyperphosphatemia but
also from the ageing-like phenotypes,
leading me to conclude that phos-
phate retention is primarily responsi-
ble for premature ageing. Since then,
the long-term goal of my research has
been to elucidate the mechanism by
which phosphate accelerates ageing.

CPP (calciprotein particles): 
The true culprit of accelerated
ageing? 
It has been known for decades that
extracellular phosphate is toxic to the
cell at high concentration. For example,
when vascular endothelial cells are cul-
tured in high phosphate medium, they
undergo apoptosis. In vascular smooth
muscle cells (VSMC), high phosphate
medium induces calcification associ-
ated with the phenotypic transition of
VSMC to osteoblast-like cells. However,
high extracellular phosphate fails to
exert these effects when the extracel-
lular calcium concentration is low or
when inhibitors for the formation of

Dr Makoto Kuro-o from the Division of Anti-Aging Medicine, Jichi Medical University in Japan
gives a fascinating glimpse into an aspect of biomedical science that concerns the subject of how
phosphate accelerates ageing, including his thoughts on chronic kidney disease (CKD)
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calcium-phosphate, such as pyrophos-
phate or phosphonoformic acid, are
present in the medium. 

These findings indicate that it is not
phosphate per se but calcium-phos-
phate precipitates (CaPi) that are
responsible for these phosphate woes.
In vivo, CaPi circulate in the blood in
the form of CPP (calciprotein particles),
which are colloidal nanoparticles of
CaPi adsorbed by serum protein
fetuin-A. CPP have the ability to induce
endothelial cell damage, VSMC calcifi-
cation, and innate immune responses
as if they were a pathogen. Based on
these observations, I have proposed
“the CPP theory of ageing”. Namely,
CPP may be a “pathogen” that acceler-
ates ageing through inducing arte-
riosclerosis and chronic inflammation. 

CKD as a clinical model for
accelerated ageing
Recent clinical studies have demon-
strated that blood CPP levels are
increased with the progression of
chronic kidney disease (CKD). CKD is
defined as a state of impaired renal
function that persists for three
months or longer, regardless of the
cause of kidney damage. In many
cases, however, CKD occurs as a com-
plication of diabetes or hypertension
and as a consequence of natural
ageing. Accordingly, more than 10% of
the total population worldwide is 
estimated to suffer from CKD. In CKD
patients, high blood CPP levels are
associated with vascular calcification,
arterial stiffness, and inflammation. 

Furthermore, a clinical parameter that
reflects the propensity for CPP forma-
tion predicts their prognosis. Consid-
ering the ability of CPP to induce 
cell damage and innate immune
responses in vitro, the correlation
between blood CPP levels and the CKD
complications may actually be causa-

tion. This notion is consistent with the
CPP theory of ageing and, if proven,
may justify CPP as a new therapeutic
target for CKD. To obtain a proof-of-
concept for the CPP theory of ageing,
my collaborators and I have developed
a “CPP adsorption column” that can be
connected in series in the hemodialy-
sis circuit to remove CPP from the
blood during hemodialysis sessions,
and is currently investigating whether
the column may be effective in the
treatment of arteriosclerosis and
inflammation using an animal model.

It should be noted that CKD patients in
advanced stages resemble kl/kl mice:
Both suffer from high blood CPP levels,
low Klotho expression, and multiple
ageing-like phenotypes, including vas-
cular calcification, cardiac hypertrophy,
and increased mortality. In addition,
these phenotypes can be alleviated by
restriction of dietary phosphate intake
both in kl/kl mice and in CKD patients.
The striking similarity between kl/kl
mice and CKD patients has led to the
concept that CKD can be viewed as a
state of accelerated ageing. 

Physiology and pathology 
of colloids 
In general, insoluble materials such as
lipids and CaPi are adsorbed by spe-
cific serum proteins and converted to
colloidal particles to be dispersed in
the blood. Lipids are adsorbed with

apoproteins, converted to colloidal
particles called lipoproteins, trans-
ferred through the bloodstream
between tissues, and eventually
stored in the adipose tissues. How-
ever, when lipoproteins are increased
in quantity and/or altered in quality
(e.g. LDL vs HDL) and mistargeted to
vasculature, atherosclerosis ensues.
When mistargeted to the liver and
skeletal muscles, lipids cause fatty
liver and insulin resistance. These
pathological conditions caused by
ectopic lipids are correctively called
“lipotoxicity”. 

Likewise, CaPi binds to fetuin-A to
form colloidal particles called CPP.
CPP may function as a carrier that
transfers calcium and phosphate to
the bone for storage. However, when
CPP are mistargeted to vasculature,
vascular calcification may ensue. Vas-
cular calcification is the other form of
arteriosclerosis besides atherosclero-
sis, but in contrast to atherosclerosis
being treated with statins, no specific
treatment for vascular calcification is
available. When mistargeted to other
extraosseous tissues, CPP may exert
toxicity and inflammation in systemic
organs and ultimately accelerate
ageing. I expect that research on CPP
will be appreciated as a new field of
study in biomedical science as impor-
tant as research on lipoproteins in the
foreseeable future.

Dr Makoto Kuro-o
Division of Anti-Aging Medicine, 
Jichi Medical University
Tel: +81 2855 874 49
mkuroo@jichi.ac.jp
www.jichi.ac.jp/english
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Japan: Driving forward cancer research
through collaboration

For over 70 years, the Japanese Cancer Association
has supported research into all forms of the 
disease based on national and international 

collaboration between scholars

The Japanese Cancer Association traces its roots back
to the Japanese Foundation for Cancer Research, which
held its first Scientific Convention in April 1908.

In 1935, the foundation resolved to establish a new,
independent body that could capitalise on the rapid
advances being made in cancer research and play a
central role in promoting further study. 

Following the decision by the society’s board of directors
to establish the Japanese Cancer Association in March
1940, President Mataro Nagayo told the 32nd Japanese
Foundation for Research Scientific Convention at Tokyo
Imperial University: “In consideration of the develop-
ments of recent years, I believe it is appropriate to

newly establish the Japanese Cancer Association and
hold meetings under that name. 

“We think that by doing this cancer research in this
country, [it] will be pushed further ahead by the united
cooperation of scholars nationwide.”

The JCA’s first scientific lecture meeting was held at
Osaka Imperial University on 5 April 1941. 

Since then, the association has grown to comprise over
15,000 members specialising in a wide range of basic
and clinical cancer research, as well as research on
public health and social medicine, who exchange 
information.

The association’s Annual Meeting is held every autumn
and approximately 5,000 research and students, 
members of research advocators and various other
stakeholders take part. 

The work of the Japanese Cancer Association in driving forward cancer research through
collaboration is charted here, including a push on basic and translational research
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The JCA is actively promoting the globalisation of its
work and since 2007, the Annual Meeting now includes
an International Session featuring speakers from
abroad, particularly neighbouring Asian countries. 

In addition, since 1989, the JCA has held a joint confer-
ence every three years with the American Association
for Cancer Research in the Hawaiian Islands. The last
event, in 2016, was held under the title Breakthroughs
in Cancer Research: From Biology to Therapeutics and
was attended by around 570 participants from Japan,
the U.S. and other countries. 

Cancer research itself has, of course, made great
strides over the years and has clarified the nature of
cancer biology. Remarkable progress has been made
in treatment of the disease, particularly in the area of
molecular target therapy based on the genomic abnor-
malities of individual cancers. Genomic medicine, a
type of precision medicine, will allow medical care to
be tailored to an individual based on their genomic
information. 

Indeed, genomic medicine was one of the key issues
under discussion at the 77th Annual Meeting of the
Japanese Cancer Association, which took place in
Osaka in September 2018.

Under the title, Diving Deeper into Cancer Research,
the meeting discussed developments and emerging
challenges in genomic medicine in light of President
Barack Obama’s Precision Medicine Initiative, announced
in the 2015 State of the Union address, and the 
creation of Japan’s Council for Promoting Genomic
Medicine. 

Another key topic for discussion was immunotherapy,
which has emerged as a fourth therapeutic method for
cancer following surgery, radiation and drugs, along
with how cutting-edge research in areas such as 
artificial intelligence and genome editing are being
used in cancer research. 

Innovative thinking is, of course, crucial to the continuing
development and diversification of cancer research,
which is why the Annual Meeting offered a number of
sessions aimed specifically at young researchers.

There was also a special symposium on Advances in
Basic and Clinical Medicine in the Past 10 Years, which
reviewed progress in research that would have been
unimaginable just a few years ago. 

However, while the development of new drugs is good
news for patients, there are nevertheless concerns
about the high prices for these treatments and what
this means for the future of Japan’s healthcare system. 

With this in mind, the JCA is seeking the opinions of
stakeholders, including patients, healthcare profes-
sionals, governments and related academic societies
to provide recommendations for the public. 

As in previous years, the three-day Annual Meeting 
featured International Sessions covering 12 selected
topics, with discussions led by prominent researchers
in each area.

As the remarkable progress in the treatment and 
prevention of cancer continues, the JCA remains as
committed as ever to its goal of using collaboration to
drive forward research. 

President Hitoshi Nakagama says: “JCA will work more
vigorously on basic and translational research, and
develop human resources, including young researchers. 

“We expect to establish and strengthen cooperative
relationships with foreign researchers, so that we will
contribute to the development of life sciences, 
promote the development of new cancer prevention
and treatment methods, and contribute to society
through the future promotion of cancer research.” ■

Open Access Government
editorial@openaccessgovernment.org
www.openaccessgovernment.org
www.twitter.com/OpenAccessGov



The appearance of immune-
checkpoint inhibitors (ICIs) such
as the cytotoxic T-lymphocyte-

associated protein 4 (CTLA-4) antibody
and programmed cell death-1 (PD-1)
has revolutionised the field of cancer
therapy. Dr James P Allison and Tasuku
Honjo who discovered CTLA-4 and 
PD-1, respectively, won the 2018
Nobel Prize in Physiology or Medicine.
Cancer immunotherapy is currently
the hottest field in the world. 

However, positive responses by the
current ICIs were observed only in a
minority of the treated patients and
tumour types, and several resistance
mechanisms have been identified.
The emerging focus is on improving
the response rate and overcoming
resistance. One possible solution is
combination therapies, namely ICIs
plus other immunotherapeutic mate-
rials or cancer therapies.

Nano DDS is an essential
technology in the
development of cancer
immunotherapy
The leading candidates of immuno -
therapeutic materials for enhancing
combination therapy are tumour anti-
gens (proteins or peptides), adjuvants
and nucleic acids (DNA, mRNA, siRNA
etc.). However, they are easily degraded,
are insoluble and have a low affinity
for immune cells, resulting in a failure
to induce effective responses. Nano
DDS, namely carrier type DDS, can
protect and deliver them by incorpo-

rating them. It is an era in which the
world view in Fantastic Voyage, an SF
movie in 1966, can be realised. Many
cells and complicated mechanisms
are involved in cancer immunity in
both a good and bad way. 

“We believe that nano DDS largely
contribute to overcoming the
resistant mechanism and we are
addressing a novel nano DDS system
for achieving next-generation cancer
immunotherapy.”

Thus, restrict control of immunother-
apeutic material trafficking is an
important issue for inducing desirable
immune responses. The protection
and delivery of immunotherapeutic
material by nano DDS have largely
contributed to the promotion of 
antigen presentation to T cells, the
activation of antigen presenting cells
(APCs), targeting immune cells, target-
ing lymphoid organs, etc. We address
the control of cancer immunity by
original nano DDS technologies.

STING agonist loaded nano
DDS drastically enhances
cancer immune responses
Stimulator of interferon genes (STING)
pathway functions as an innate
immune sensor of double-strand DNA
in the cytosol. The sensing induces the
production of type I interferons (IFNs)
that is important cytokine for the 
activation of cancer immunity. The
STING pathway, but not other innate
immune sensors such as Toll-like

receptors, dominated the sponta-
neous immune responses against
cancer. Therefore, agonists activating
STING pathway (STING agonists) 
represent promising weapon as a
cancer adjuvant. DNA and cyclic dinu-
cleotides are STING agonists. 

However, nucleotides are negatively
charged, which hamper their transport
into the cytosol. Thus, the use of STING
agonists in cancer immunotherapy
has been limited. To achieve the 
efficient cytosolic delivery of STING
agonists, we loaded original nano 
DDS with STING agonist (we used a
cyclic di-GMP). Our nano DDS is lipid
nanoparticle (LNP) containing YSK
lipids (YSK-LNP). YSK lipids show 
pH-responsible and high fusogenic
activity, leading to efficient delivery of
cargos into the cytosol. STING agonist
loaded YSK-LNP (STING-LNP) succeeded
in inducing type I IFN from APCs, 
activating APCs and antigen-specific
killer T cells. In addition, the treatment
of STING-LNP showed a drastic thera-
peutic effect in the lymphoma-baring
mouse model. 

On the other hand, some cancer cells
escape from the attack by killer T cells
by the loss/down-regulation of MHC
class I expression. Against such
tumours, for example, malignant
melanoma, natural killer (NK) cells can
be a major effector cell. The intra-
venous administration of STING-LNP
activated NK cells and significantly
decreased the number of tumour

Dr Takashi Nakamura from Hokkaido University challenges the potential of nano-tech based drug
delivery system (Nano DDS) in the development of next-generation cancer immunotherapy

Nano DDS technology contributes to
next-generation cancer immunotherapy
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colony of mouse melanoma lung
metastasis. The antitumor effect was
NK cell dependent. 

Collectively, the successes are first
reported and the STING-LNP
promises to be a powerful adjuvant
system for building strong cancer
immunity. We are currently investigat-
ing the potential of STING-LNP in anti-
PD-1 therapy-resistant tumours.

Nano DDS achieves siRNA-
based functional control of
immune cells
It is absolutely certain that controlling
the function of immune cells at gene
level represents high potential and
powerful technology. Of course, also
in cancer immunotherapy. Controlling
gene expression by siRNA can be a
promising and reliable strategy. 

However, introducing siRNA into
immune cells is quite difficult and the
uses of virus vectors and special
equipment are required. We recently
succeeded in the effective gene silenc-
ing in mouse and human immune
cells by using YSK-LNP. When siRNA
was introduced into mouse dendritic
cells (DCs), YSK-LNP achieved higher

gene silencing than commercially-
available siRNA transfection reagent
(No. 1 share in the world) and the
gene-controlled DC by YSK-LNP
enhanced the antitumor effect. 

“It is absolutely certain that controlling
the function of immune cells at gene
level represents high potential and
powerful technology. Of course, also in
cancer immunotherapy. Controlling
gene expression by siRNA can be a
promising and reliable strategy.”

In particular, the commercially-avail-
able siRNA transfection reagents are
ineffectual against human immune
cells, even if cell lines. Nevertheless,
the YSK-LNP succeeded in silencing a
target gene in excess of 80% at a low
dose range of siRNA. The capability to
introduce siRNA of YSK-LNP represent
at the top level. We are currently
advancing research to apply the YSK-
LNP to immune cell-based therapies
or control immune cells via systemic
administration.

Nano DDS strategy toward
next-generation cancer
immunotherapy
The response rate of cancer
immunotherapy is largely dependent
on the immune status in tumour
microenvironment. For example, the
patients show a good response rate in
the case of tumour microenvironment
having effector immune cells and
without immune suppressions. 

On the other hand, in the case of
tumour microenvironment having
less effector immune cells and with
strong and complicated immune 
suppressions, the patients have a 
bad outcome. That is, we have to
design cancer immunotherapy based
on the immune status in the tumour

microenvironment. The analysis of
immune status in the tumour
microenvironment has found a lot of
resistant mechanisms against cancer
immunotherapy. 

However, the current technologies
such as antibodies and low molecular
drugs are a heavy load. We believe
that nano DDS largely contribute to
overcoming the resistant mechanism
and we are addressing a novel nano
DDS system for achieving next-gener-
ation cancer immunotherapy.

Takashi Nakamura, PhD
Assistant Professor
Faculty of Pharmaceutical Sciences,
Hokkaido University
Tel: +81 (11)706 3918
tnakam@pharm.hokudai.ac.jp 
https://researchmap.jp/tnakam/?lang=english
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Industrial, trade and investment cooperation:
A new era for the EU and Japan

The EU-Japan Centre for Industrial Cooperation1

is a joint venture established in 1987 between
the European Commission (Directorate General

Internal Market, Industry, Entrepreneurship and SMEs)
and the Japanese Government (Ministry of Economy,
Trade and Industry) for promoting industrial, trade and
investment cooperation between the EU and Japan. 

With the entry into force of the EU-Japan Economic
Partnership Agreement (EPA) on 1st February 2019 cre-
ating the largest open trade zone in the world which
covers 600 million people, the Centre will contribute
ensuring that companies in particular SMEs reap the
maximum benefits from the EPA. To this end, we are
mobilising several instruments, for example, the EPA
helpdesk, public procurement helpdesk, and stake-
holders, e.g. Enterprise Europe Network and clusters,
to raise awareness, guide and stimulate SMEs.

In this context, the Centre is developing important
activities regarding (i) people mobility, (ii) research and
innovation, and (iii) technology transfer

People mobility is one of the key elements for•
strengthening relations at the international level. The
Centre has put in place the Vulcanus Programme, a
unique internship programme involving industrial
placement for European students in Japan,2 and for
Japanese university students in Europe.3 Co-funded by
the host companies and by the Centre, this one-year
programme targets engineering or science students. It
provides a four-month intensive language course and
an eight-month internship in a host company. 

On the EU side, every year, 30–40 motivated Vulcanus•
participants are selected among 800 applicants to
undertake industrial internships at host companies in

Japan. In this vein, there is a strong signal of 
interest and a typical internship project includes
mechanical/electrical engineering, computer science,
ICT, chemistry, nanotechnology and biotechnology.
Besides the technological and industrial dimension,
the Vulcanus programme also helps participants gain-
ing an in-depth understanding of culture, history and
intercultural communication. 

The EU and Japan both see cooperation in research•
and innovation as necessary to promote the excel-
lence of our research, increase the competitiveness of
our industries and effectively address global societal
challenges. The Centre is the National Contact Point4

(NCP) in Japan for the EU research and innovation pro-
gramme “Horizon 2020”. Hence, the Centre raises
awareness, disseminates information and calls for
proposals, implements activities and training to sup-
port and provide guidance to potential R&D applicants
in Japan. In close cooperation with the EU Delegation
to Japan, NCP Japan provides information and partic-
ipation support services to Japanese research institu-
tions, companies and universities. Further expansion
and development of EU-Japan relationships in science
and technology are expected in the future EU research
and innovation programme “Horizon Europe”, includ-
ing the possibility for Japan to become an “Associated
Country” with this programme.

The Centre promotes the commercialisation of tech-•
nologies, and boosts innovation via the EU-Japan
Technology Transfer Helpdesk,5 which supports EU
and Japanese companies, universities, research cen-
tres and individuals in their steps to search for and
acquire available proprietary technologies, and better
understand the process of tech transfer transactions.
All the online services are supported by the official

Masanori Osumi, Japan-side General Manager and Philippe de Taxis du Poët, EU-side General 
Manager of the EU-Japan Centre for Industrial Cooperation, explain why a new era begins now when it

comes to promoting industrial, trade and investment cooperation between the EU and Japan
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website of the helpdesk, which provides general 
content about intellectual property rights, technology
transfer, and an ever-growing database with more
than 20,000 technologies potentially available for
licensing deals, and more than 100 million patent 
documents and a wealth of information for the benefit
of SMEs. Additionally, webinars, videos, podcasts, and
presentations are intended to make the helpdesk’s
website a “must-see-and-use” for implementing open
innovation practices. To favour this cross-pollination
approach, research institutions can freely create an
account and upload their technologies, and companies
can write and publish requests for proposals to 
complement the existing tech offers.

“With the entry into force of the EU-Japan Economic
Partnership Agreement (EPA) on 1st February 2019

creating the largest open trade zone in the world which
covers 600 million people, the Centre will contribute
ensuring that companies in particular SMEs reap the

maximum benefits from the EPA.” 

The Centre also provides a six-month fellowship grant
called “Minerva” for experts to work in Japan on topics
of interest for researchers and businesses, including
particularly creative and innovative ones, such as
research into the NewSpace6 sector in Japan and the
potential for collaboration between EU and Japan New-
Space start-ups. This will include a Haiku competition7

to reach out to the public with a view of inspiring them
to consider space, the theme being “Improving Life on
Earth as in Space” for promoting NewSpace collabora-
tion, by inviting artists, businesses and investors.

The EU-Japan Economic Partnership Agreement (EPA)
will simplify trade and investment procedures, reduce
export and investment related costs and will, therefore,
enable more small firms to do business in both markets.
Beyond what it includes, the EPA may also have an
important triggering effect to reinforce existing and
explore new areas of cooperation, such as research and
innovation, space, security, investment, regions and
clusters, regulation, digital economy and circular econ-
omy. It may also accelerate the current trend for joint
EU-Japan business partnerships to operate together in
third countries, e.g. South East Asia, Africa, Latin 
America, EU neighbouring countries. As stressed by the
EU-Japan Business Round Table,8 a “new era for the EU
and Japan starts”. 

In a global context with rising protectionism, where
walls are being built and with geopolitical uncertainties,
the EU-Japan Centre for Industrial Cooperation is also
a political signal that the EU and Japan stand together
for sustainable cooperation and team up to preserve
the benefits of openness, ensure a level-playing field,
pursue resilient economies and inclusive society. ■
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Since 1932, the Japan Society for the Promotion 
of Science ( JSPS) has worked to support the
advancement of all fields of natural sciences,

social sciences and the humanities. 

In addition to directly funding scientific research, 
the JSPS, or Gakushin, fosters talent among young 
scientists, promotes science-related international
exchange and supports the globalisation of Japan’s 
universities.

While guided by the broad framework of government
policies to promote science, the JSPS has since 2003,
operated as an independent administrative body,
allowing its programmes to be more flexible to 
the needs of individual researchers, universities and
institutes. 

As part of its aim to create diverse, world-level knowl-
edge, the JSPS oversees the Grants-in-Aid for Scientific
Research (KAKENHI) initiative, which supports research
across all fields of science with an emphasis on creative
and pioneering projects carried out based on
researchers’ free ideas. 

Every year, the KEKENHI programme distributes around
¥228.4 billion, over 50% of Japan’s total competitive
research funding. 

Projects can be proposed by individuals or groups of
researchers affiliated with Japanese universities or other
research institutions. More than 7,000 researchers carry
out a peer review of applications, with funding awarded
to those schemes judged to be of high potential and in
line with cutting-edge scientific goals.  

In order to ensure Japan retains its international 
position as a leading centre of scientific research in 
the future, the Ministry of Education, Culture, Sport 
Science & Technology (MEXT) recommended reform of
the KEKENHI system to position academic research as
a source of national strength. 

A three-pronged reform process is underway looking at
the review system in light of the rising number of appli-
cations and changing trends, as well as the research
categories and frameworks to earmark funding specifi-
cally for challenging research, especially promoted
research and aid for young scientists. 

The Japan Society for the Promotion of Science works to ensure the advancement of world-class
research in all fields of science both at home and in international partnerships, as this article reveals

Japan: The advancement of 
world-class research in science
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In addition, greater flexibility has been implemented in
the use of grants with the introduction of a multi-year
fund that allows researchers to carry over funds into
the next fiscal year. 

Following a 2012 report by Council for Science & Tech-
nology, the JSPS established a programme to contribute
to advancing the humanities and social sciences in three
key areas: joint research that will yield breakthroughs
through close links with other fields of science; joint
research aimed at making contributions to society; and
international joint research. In 2017, the programme
was funded with ¥208 million. 

Within the programme, work is carried out in three sub-
sets. Area Cultivation seeks research topics from different
scientific fields that can spur unexpected jumps to new
areas and more innovative methodologies. The second
strand is responding to “Real Society”, with collaboration
between researchers and working-level specialists, from
the planning and implementation of research to the dis-
semination of results. The final subset concerns global
initiatives, which seeks to establish a dialogue between
Japanese and overseas researchers to generate globally
significant results through joint research. 

In 2007, MEXT launched the World Premier International
Research Centre Initiative (WPI), which sought to build a
top-class research base for “super-calibre” researchers
and concentrate funding for Japanese research institutes
that work to achieve globally significant science.

In 2017, the ministry issued an open call for proposals
for two new WPI centres and established a WPI Acad-
emy to promote the programme’s work internationally. 

MEXT commissioned JSPS to carry out WPI grant selec-
tion, perform evaluations and oversee project progress
using procedures prescribed by the ministry. JSPS also
manages the operation of the WPI Academy and sup-
ports the activities of the WPI centres with the aim of
optimising the programme’s output. 

JSPS launched its fourth midterm plan in 2018. It is
designed to respond to demands for scientific research
to be highlight competitive, comprehensive, interdisci-
plinary and international. 

Dr Yuichiro Anzai, JSPS President, says that when it
comes to delivering the plan: “We will undertake to
carry out our programs and operations in an ever-more
efficient and effective manner toward meeting JSPS’s
current and new mid-term objectives”.

“Concurrently, we will apply the full strength of JSPS’s
organization to meeting the needs of researchers and
students aspiring to careers in science, while working to
satisfy the public’s multifaceted expectations for benefits
derived from scientific advancement”, he adds.

“The kind of superlative knowledge that contributes to
developing a robust human society is born out of a
continuum of original, cutting-edge research activities
carried out by researchers ceaselessly striving to
advance science across a spectrum of the humanities,
social sciences and natural sciences. Such scientific
thrust is the engine that drives the international com-
petitiveness of a nation’s industry and that elevates its
persona within the global community. For Japan, it also
plays an essential role in building a knowledge-based
society. 

“Scientific research lies at the wellspring of superlative
knowledge creation. The fostering of talented people
who can shoulder the advancement of such cutting-edge
research is more important now than ever before.” ■

Open Access Government
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www.twitter.com/OpenAccessGov
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Collagen is the most abundant
protein occurring in the body
of mammals. There are nearly

30 types of collagen, the majority of
which are fibrous. Type I collagen has
a characteristic architecture of a triple
helix consisting of polypeptide chains
of two α1 and one α2. This naturally
occurring biopolymer is ubiquitous in
bones, teeth, and skins of animals,
taking advantage of its fibrous struc-
ture. The triple helix of collagen is so
resistant to ageing that it can often be
found in archaeological specimens as
old as tens of thousands of years.
Consequently, it informs us of the
animal species in terms of the respec-
tive amino acid sequence, even in the
absence of DNA encoding genetic
information. We are using mass 
spectrometry to obtain information of
archaeological interest.

Chemistry
As well as its triple-helical structure,
collagen has a few unique features
including the primary structure such
that glycine (G) appears every third
residue in the sequence (G-X1-X2)n (n >
300). Moreover, the positions X1 and
X2 are quite frequently occupied by
proline (P) or hydroxyproline (many
authors abbreviate this residue as O).
The post-translational modification of
P to O is almost specific to collagen
and catalysed by proline hydroxylase
just before the formation of the triple
helix. It is widely accepted that the

content and position of O is closely
related to the stability of the collagen
triple helix1. Before beginning the pre-
sent study of collagen in archaeologi-
cal specimens, we were investigating
the correlation between the role of O
and the stability of the triple helix in
solution using collagen model pep-
tides2. Since this modification occurs
enzymatically, the position of O in the
amino acid sequence is not defined in
the genetic code, it is very difficult to
determine which P residues are mod-
ified unless protein sequencing such
as Edman degradation or mass spec-
trometry is conducted on collagen
samples. 

Archaeology
Our project of protein archaeology
with mass spectrometry began about
10 years ago, when we detected cow
collagen in Chinese ink stick excavated
from the oldest Japanese capital
palace site in Nara (Heijyo-Kyo) of the
mid-sixth Century AD3. Encouraged by
such an unexpected success of finding
collagen as waste disposal kept in the
soil as long as 1,250 years ago, we
extended the list of proteins by seek-
ing wider area from Nara to the sites
worldwide and older ages. Actually,
the age of our specimens became
older from the binding media of Egyp-
tian Romano portraits (180-200 AD)4,
Egyptian wall paintings (2,400 BC) to
West Asian Neolithic animal bones
(5,000-8000 BC). And quite recently,

we have been trying to detect collagen
in Palaeolithic animal bones (30,000-
35,000 BC). It is not surprising that the
difficulty of analysis increases as the
age of the specimens become older5.
Nevertheless, we are excited about
the challenge of solving this problem
by mass spectrometry with the aid of
protein chemistry6. 

“The main target of our project of
protein archaeology is collagen. This
is because collagen is deeply
associated with not only the evolution
of animals but also the history of
human culture before the invention 
of letters.”

Note that the average lifetime of colla-
gen to survive in archaeological speci-
mens had been estimated to be much
less than one million years7. It was,
therefore, surprising that peptide frag-
ments derived from collagen were
found in the fossils of 8-million-year-old
dinosaur bones8. However, another
group has shown the complete match
of amino acid sequences of collagen
between that of modern ostrich
(Struthio camelus) bone and those
reported as of Tyrannosaurus and
Brachylophosaurus, suggesting that
there remains the possibility of cross-
contamination of collagen9. In any case,
we need to allow for the longevity of
collagen, especially in the study of
Palaeolithic bones for the identification
of animal species.

Takashi Nakazawa, Professor at Nara Women’s University explores some fascinating
aspects of chemistry and the archaeology of collagen, as well as a view point expressed
on analysing ancient specimens in a collaborative way

Chemistry and the archaeology
of collagen
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Collaboration
Basically, we are analysing those
ancient specimens in the collaborative
study with archaeologists, scientists
working for the conservation of cul-
tural properties, artists, and histori-
ans, all of those who are least likely 
to work within our Laboratory of 
Biochemistry and Organic Chemistry
in Nara Women’s University. One of
these collaborations includes a pro-
ject “Culture History of Paleo Asia”
organised by Professor Yoshihiro
Nishiaki (the University of Tokyo), sup-
ported by a Grant-in-Aid for Scientific
Research on Innovative Areas (Grant
No. 1802) from the Japanese Ministry
of Education, Science, Culture, and
Technology. In this project, we could
distinguish between a goat and sheep
as the species of Neolithic bones5.
Without these collaborations and
financial aids (see “Acknowledgement”),
we could not do anything so exciting
as to obtain a variety of archaeological
materials needed to “read” a history
written in terms of the chemical 

structure of collagen. For this project,
we welcome researchers all over the
world to collaborate with.
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Infrastructure supports our modernsociety as bones support the body.
Today’s infrastructure looks very

strong, made of hard materials such as
steel, and millions of people put their
trust when they are using it, for exam-
ple, when driving over our highways
and bridges and commuting by train
when they have no worries about daily
life. However, the materials used to
build such infrastructure will not last
forever, unfortunately, and the degra-
dation and breakdown of infrastruc-
ture is a serious social problem. Steel,
for example, is subject to corrosion
due to chemical reactions from the
surrounding environments. Corrosion
starts at the surface of the materials.

If a novel material that is durable to
corrosion will be invented, the infras-
tructure of modern society will
become stronger and last longer. To
design and to develop such a mate-
rial, it is requested to observe and to
understand the surface corrosion
reactions. However, as far as we know,
there is no suitable way to track such
surface reactions with appropriate
sensitivity. Firstly, we should develop
a surface sensitive method to observe
surface reactions which must meet
the following three conditions:
Surface sensitivity suitable to track•
surface corrosion reactions: a few nm;
Compatibility of in situmeasurements•
and;
Ability to detect chemical states and•
local structures in order to under-
stand the mechanisms of reactions.

Surface can be captured by
x-ray: TREXS, a new method
Traditional surface science methods
usually probe a few atomic layers from
topmost surfaces. They also require
high vacuums and generally struggle to
perform under ambient atmospheres.
It is difficult for these methods to 
fulfil the above three conditions. Fortu-
nately, we have a method to meet the
second and third requirements. It is 
X-ray Absorption Fine Structure (XAFS)
spectroscopy. 

XAFS is widely used at synchrotron radi-
ation facilities over the world to study
local structures and chemical states.
XAFS measurements can be performed
under gaseous and elevated tempera-
ture conditions, and real-time chemical

reactions have been observed by in situ
XAFS measurements1. If the first ability
can be added to in situ XAFS method, it
can be a suitable and powerful method
to observe surface reactions.

A question is how surface sensitivity
will be realised. It is well-known that x-
ray penetrates deeply into materials.
We can see our bones by x-ray images
at hospitals. But when a certain con-
dition is met, even x-ray penetrates
only very shallow regions. This is a
phenomenon known as total reflec-
tion. When the incident angle of x-ray
to a material is getting smaller and
smaller, the total reflection of x-ray
occurs at a surface. The angle is called
a critical angle. The “touching depth”
by the x-ray is only about a few nm2.
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Fig. 1: TREXS (Total REflection X-ray Spectroscopy), a new surface observation method has been
developed. Total reflection of incident x-ray is detected, and the surface sensitivity is as shallow
as 2-3 nm

Hitoshi Abe from the High Energy Accelerator Research Organisation (KEK) and
SOKENDAI (the Graduate University for Advanced Studies) explains how a surface
science solution will help to shape our society and increase safety and security

Surface science: A solution to shape our
society that increases safety and security



In other words, total reflection of x-ray
at surfaces probes only a few nm from
the topmost surface. This surface 
sensitivity is perfect to observe sur-
face corrosion reactions because the
typical thickness of passivation layers
of steel is several nm.

We have developed a new surface
sensitive XAFS method by detecting
total reflection signals3. The method is
named Total REflection X-ray Spec-
troscopy, TREXS. Reflection spectra
can be transformed into “absorption
spectra” via Kramers-Kronig relations.
Then, the spectra, the same as EXAFS
(Extended XAFS) specra can be 
analysed by common EXAFS analysis
software.

Moreover, an easy and useful way of
the total reflection near edge spectra is
to process them like usual XANES (X-ray
Absorption Near Edge Structure) 
analysis. The total reflection near edge
spectra contain information on chemi-
cal states of elements at a few nm from
surfaces, and in situ TREXS measure-
ments can be performed. The TREXS

method is an ideal method to fulfil the
three requirements listed above and to
monitor surface reactions. Figure 1
explains a schematic flow of TREXS
measurements and analyses. 

In situ TREXS measurements
of surface reduction reaction
In situ TREXS measurements were 
carried out to observe a reduction
reaction of Ni oxide (NiO) to Ni metal
occurred at the surface of a NiO/Ni(30
nm)/Si wafer sample4. The sample was
placed in a home-made in situ TREXS
cell. The in situ TREXS cell has windows
for the incident and reflected x-rays,
gas inlet and outlet ports, and heaters.
The cell was set on a swivel stage to
adjust the incident angle of x-ray to
the sample. The incident angle was 
set to be 2.5mrad, which is well below
the critical angle5 so that the total
reflection condition could be met. The
penetration depth of the evanescent
wave of the incident x-ray is as small
as ~2 nm at this energy range, and the 
surface sensitivity is ~2 nm.

The surface of the sample was
reduced by gas flowing of H2 mixed
with N2 at 540 K, and in situ TREXS
spectra were recorded during the 
surface reduction reaction. Obtained
TREXS reflection spectra are shown in
Fig. 2(a). In the beginning, the surface
of the sample was NiO. The TREXS
spectrum (red) shows characteristic
spectral features of NiO, such as the
strong main peak at ~8348 eV and
associated pre-edge peak at ~8332 eV.
As the surface reduction reaction to Ni
metal proceeded, the TREXS spectra
continuously changed. The main peak
decreased, the edge energy shifted to
lower energy by ~10 eV. Finally, the
surface was totally reduced to Ni
metal. The TREXS spectrum (blue)
shows characteristic spectral features
of Ni metal. There is a shoulder peak
structure at ~8332 eV and the main
peak, which is not extremely strong, at

~8347 eV. The component fractions of
NiO and Ni during the reaction are
shown in Fig. 2(b).

Summary and outlook
TREXS can monitor surface chemical
reactions with the surface sensitivity
of ~2 nm, and kinetics of surface
chemical reactions can be discussed.
TREXS enables us to produce movies
of surface chemical reactions.

We are applying the TREXS method to
monitor and to understand surface
corrosion reactions. We believe our
way to invent a novel material that is
durable to corrosion to build strong
infrastructure, will help to shape our
modern society by safer and more
secure means.

Acknowledgements 
The TREXS measurements were conducted under the approval of
PF-PAC Nos. 2013G546, 2015G551 and 2017G686. This work was
supported by JSPS KAKENHI Grant Numbers JP24710102 and
JP16H05992.

References
1 Y. Iwasawa, J. Catal. 216, 165-177 (2003).
2 B. L. Henke, E. M. Gullikson, and J. C. Davis, Atomic Data and 
Nuclear Date Tables 54, 181-342 (1993).

3 H. Abe, Y. Niwa, H. Nitani, and M. Nomura, J. Phys.: Conf. Ser.
502, 012035(4 pages) (2014).

4 H. Abe, T. Nakayama, Y. Niwa, H. Nitani, H. Kondoh, and M. 
Nomura, Jpn. J. Appl. Phys. 55, 062401(4 pages) (2016).

5 G. Parratt, Phys. Rev. 95, 359-369 (1954).

Hitoshi Abe
Associate Professor
Institute of Materials Structure Science
(IMSS), High Energy Accelerator Research
Organisation (KEK)
Department of Materials Structure Science,
School of High Energy Accelerator Science,
SOKENDAI (the Graduate University for 
Advanced Studies)
Tel: +81 29 864 5683
hitoshi.abe@kek.jp
https://researchmap.jp/read0206848/

29

 !"

 !#

#!"

#!#

$
%
&'

!(
)
*
+,
*
-
./
%
0
(1
0
.*
0
2
/.
3

456#45##474#478#475#476#

9:%.%0(;0*&<3(=*>?

=@?

 !"

"!#

"!$

"!%

"!&

"!"

'
()
*
+,
-
.

#""$""%""&"""

/0)*+,-.12,301450*6

7,1-8,90
47,:6

7,130+);4<6

Fig. 2: (a) Reflection near edge spectra
obtained by in situ TREXS measurements
during the surface reduction reaction of NiO
to Ni for NiO/Ni(30 nm)/Si. (b) The change of
the NiO and Ni fractions during the reaction
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Taiwan: Driving forward scientific 
and technological innovation 

The Ministry of Science & Technology (MOST) is
Taiwan’s agency for driving forward scientific 
and technological innovation, a major pillar of the

country’s plans for economic growth. In the age of the
knowledge-based economy, science and technology has
become a key driver of growth and national progress 
for Taiwan. 

As such, in March 2014, the National Science Council
(NSC), which was originally established in February
1959, was reorganised into the Ministry of Science &
Technology (MOST) with a new structure designed to
strengthen the integration of academic research and
industrial development. 

MOST was established with three main goals: promot-
ing nationwide scientific and technological develop-
ment, supporting academic research and developing
science parks.

It continues the NSC’s traditional role of promoting
partnerships between academia and industry and
encouraging innovation, while also reinforcing 
the impetus for businesses to invest in research and
development, fostering creativity, nurturing start-ups
and supporting industrial development. 

MOST formulate guidelines and policies for, as well as
puts forward the overall vision and strategies of,
Taiwan’s national science and technology development. 

The National S&T Development Plan is jointly imple-
mented by 17 ministries, departments and agencies,
the national research academy Academia Sinica, the
Board of Science & Technology, the Department of
Cyber Security, the National Development Fund and
local government. 

The plan, which covers 2017 to 2020, focuses on four
goals: reviving economic dynamics through innovation;
developing smart living technologies and industries;
cultivating and recruiting talents with diverse career
paths; and enhancing an innovation ecosystem for 
scientific research. 

MOST also oversee national science and technology
programmes. Since 1997, Taiwan’s government has
been promoting national-level research initiatives to
address the country’s social and economic needs and
to enhance national competitiveness.

In 2018, the government focused on promoting the
second phase of its National Energy Programme, which
aims to reduce Taiwan’s dependency on imported
energy and to improve the international competitive-
ness of alternative energy industries through the
development of innovative renewable and low-carbon
technologies. 

MOST is participating as a partner in the programme,
alongside the Ministry of Economic Affairs, the Ministry
of Transportation and the Atomic Energy Council.

MOST are also responsible for increasing national sci-
ence and technology literacy and it actively promotes
popular science. This includes funding collaborations
between academia and industry to produce media
content such as films, videos and animations about 
science and technology. 

Last year, the Taiwan Railways of Popular Science 
train toured around the island to foster public interest
in science. 

In addition, the High Scope Programme helps high and

In the age of the knowledge-based economy, science and technology has become a key driver 
of growth and national progress for Taiwan, as this article about the country’s Ministry of Science &

Technology (MOST) delves into
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vocational schools to integrate the emerging science
and technology of everyday life into their curriculum
to fostering the development of new innovations. 

Elsewhere, the Foreseeing Programme aims to translate
abstract and complex science and technology into
enlightening, accessible and inspiring educational
resources to spark public interest in the cutting-edge.
As part of this, a MOST-sponsored summer programme
offers island-wide interactive science classes for stu-
dents, engaging them outside the traditional classroom
and showing that science is fun. 

Furthermore, MOST channels corporate and social
resources to fund and organise popular science 
activities, such as Sci-Tech Vista, an online platform for
sharing popular science resources. 

To promote the development of academic research,
MOST has implemented a number of core facility 
and major instrument projects to provide first-class
equipment and promote resource sharing that help
researchers achieve the maximum benefit from 
their work. 

Meanwhile, the National Applied Research Laboratories
aims to further scientific research by integrating and
coordinating Taiwan’s national laboratories in order to
translate R&D results into innovative products. 

In its role as a bridge between government, academia
and industry, MOST provide PIONEER grants to pro-

mote domestic collaboration between business and
academia. Companies submit problems for researchers
to solve.

Through the Academia-Industry Technological Alliance,
research organisations are encouraged to establish
service platforms centred on core technologies and
SMEs are invited to participate in order to boost their
competitiveness. 

Finally, MOST has established three core science parks
in northern, central and southern Taiwan to create a
hi-tech innovation corridor to facilitate and accelerate
the country’s transformation into a global centre 
for R&D.

The three parks encourage universities and companies
in their respective regions to engage in collaboration,
while also establishing incubation centres to provide
professional consulting and resource referral services
for start-ups. 

In these and many other areas, MOST is fulfilling its
mission to act as a catalyst for promoting the develop-
ment of science and technology in Taiwan. ■
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The development of robotic-
assisted rehabilitation devices,
the so-called rehabilitation

robot, requires interdisciplinary 
synergy from both medical and engi-
neering fields. In this article, several
essential considerations in the devel-
opment of a rehabilitation robot are
discussed and illustrated by a wear-
able hand/finger rehabilitation robot
developed through research funded
by Ministry of Science and Technology,
Taiwan. The future possibility of 
such rehabilitation robot will also be
discussed in the context of treating
the robot as a smart machine. 

Rehabilitation meditated by the use of
robotic devices has been an emerging
and quite interesting research topic in
recent years. Due to the demographic
dilemma in developed countries in
which an ageing population increases
while the birth rate decreases, the
option of adaptation of robotic
devices to assist rehabilitation treat-
ments for an ageing and impaired
population does offer social and eco-
nomic advantages over the traditional
human-intensive option through
physical therapists and occupational
therapists. 

Due to such advantages, in the 
past ten years, more and more novel
rehabilitation robots attributed by tra-
ditional therapy concepts have been
developed and even commercialised
in products to assist lower limb, upper

limbs and even hand rehabilitation. In
robot-assisted rehabilitation, patients
can obtain precise, repeatable, and
even reliable rehabilitation treatment
through motion exercises designed by
doctors. However, the biggest chal-
lenge in the research and develop-
ment of robotic-assisted rehabilitation
devices, or commonly called the 
rehabilitation robots, is the integra-
tion of interdisciplinary engineering
fields with considerations from clinical
requirements. 

Such integration is not to the degree
of complexity among medical and
engineering expertise but to the level
in which to offer the best solution to

patients with the right combination of
suitable elements for effective reha-
bilitation. In other words, the balance
among the clinical needs and the real-
isation of engineering approaches is,
in fact, the key to the success of the
development of rehabilitation robots.

In this article, essentials for the devel-
opment of rehabilitation robots will be
discussed in the context exampled by
the wearable hand/finger rehabilita-
tion robot as shown in Figure 1(a)
which was developed by Professor
Chang’s research group through
research projects funded by Ministry of
Science and Technology in the Depart-
ment of Power Mechanical Engineering

Jen-Yuan (James) Chang, Professor at the Department of Power Mechanical Engineering, National
Tsing Hua University in Taiwan, explains the essentials for robotic-assisted rehabilitation devices,
including a design example of a wearable hand/finger rehabilitation robot

Robotic-assisted rehabilitation devices: 
A wearable hand/finger rehabilitation robot
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Figure 1: (a) Commercial-ready wearable hand/finger rehabilitation robot by RMTC, (b)
mechanism and mechatronics designs and (c) force components of the model robot in action



at National Tsing Hua University,
Taiwan. Such designs were further
realised in the commercial-ready prod-
uct by spin-off company from the
group named Rehabotics Medical
Technology Cooperation (RMTC).

During robot-assisted rehabilitation,
robot structures are applied upon dis-
abled limbs with motor impairments
caused by strokes, sports injuries or
accidents. Driven by the robot actua-
tors, the robot structure can then
carry or move the disable limbs to per-
form rehabilitation exercise. As the
example in Figure 1(b) shows, since
the rehabilitation robot has its struc-
ture applied on a human finger, the
first essential consideration is to
include the human factors in the robot
design. Such factors include the
dimension of a human finger and
thumb’s proximal, middle, and distal
phalanges, as well as the range of rota-
tion for finger’s metacarpo-phalangeal
(MCP), proximal-interphalangeal (PIP),
and distal-interphalangeal (DIP) joints.
These factors will vary from race, age,
gender etc. and play a significant role
in the effectiveness of the robot’s
motion. With the human factors con-
sidered, the next essential considera-
tion is then placed on the medical side
by offering the appropriate rehabilita-
tion exercise which will lead to the

structure and mechanism designs of
the rehabilitation robot. Taking the
model finger robot as an example, as
shown in Finger 2(a)-(d), the motions
between the MCP and PIP/DIP joints
are decoupled through mechanism
design so that robot’s movement 
pattern can be analogous to that
observed in the human hand, as well
as requested by medical doctors. 

Once the robot’s movement pattern is
confirmed and achieved by mecha-
nism designs, the next essential con-
sideration is on the mechatronics
integration, which includes the selec-
tion and implementation of actuators,
sensors, and controller in the robot.
For the model finger robot as illus-
trated in Figure 1(b), limited by space
to accommodate for a higher degree
of motion in hand/finger rehabilita-
tion, the finger robot is not directly
driven by motors but designed to be
driven by cables actuated by motors
which are placed away for impaired
hand/fingers. The main objective of
the rehabilitation robots is not only to
offer repeated motion but to provide
biological insight of impatiens can
improve by the use of the robot. 

For stroke patients, their degree of
spasticity degree judged offline but
can’t be monitored during rehabilita-

tion treatments. With the model
robot, such online monitoring of
finger joint spasticity can be achieved
by the embedded force sensor data as
exampled by the robot’s cable force
measurement as shown in Figure 1(c).
Also, with the use of motion sensor,
such as inertial measurement unit
called IMU sensor which is embedded
in the robot structure, positions and
orientations of the robot movements
can also be monitored real-time.
Should the rehabilitation exercise be
deviated from the designed path, with
well-design control codes, the con-
troller unit in the robot can alter the
actuator’s motion to direct the robot
to move the human body back to the
designed course. Since the robot pos-
sesses the capability in collecting
force and kinematic information of
the robot and patient, rehabilitation
big data can then be established
through medical trials and practices.
Certainly, with such a smart machine,
the rehabilitation robot, new medical
knowledge in rehabilitation is thought
to be generated in the near future
should the data be carefully inte-
grated and examined with artificial
intelligence (AI) technologies.

Jen-Yuan (James) Chang
Professor
Department of Power Mechanical Engineering 
National Tsing Hua University, Taiwan
Tel: +886 3 574 2498
jychang@pme.nthu.edu.tw
http://www.pme.nthu.edu.tw/files/14-
1265-74003,r4027-1.php?Lang=en
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Figure 2: Finger rehabilitation robot under flexion (a) to (d) and extension (d) to (a) exercises.
The bottom row shows the real-time angle measurements by IMU sensors



In this article, I will be looking at theimpact on society when it comes to
the move towards mobile health-

care with medical- internet of things
(IoT)1, technology trends, as well as an
interesting example of an electrocar-
diogram (ECG) and my thoughts on
what the future could hold in this
exciting field of research.

The impact of medical
devices on society
To achieve better medical services with
early diagnosis and early therapy, inno-
vative solutions for preventative
medicine have been continuously
investigated and promoted to both
medical centres and local clinics. One
of the major driving forces in exploring
these solutions for mobile healthcare
is to allow limited medical resources
for those patients who demand in-time
treatment and medical care under the
coverage of national health insurance
in Taiwan.

Furthermore, both medical teams and
the general public need to be re-edu-
cated before these new diagnosis/ther-
apy solutions and inherent service
models can be accepted. And even
some governmental regulations have
to be re-adjusted or added to allow
these solutions to be deployed for
practical usage. 

Technology trends
The advances in wireless devices and
miniaturised sensors fuel the possibil-

ities of mobile healthcare applications,
where medical-internet of things 
(M-IoT) devices are body-worn or
implanted for continuous vital signal
recording. To extend the M-IoT moni-
toring duration, on-sensor biomedical
signal processors (BSPs) can be applied
to timely extract the critical informa-
tion for reduced storage and transmis-
sion data. Considering the support
given to versatile applications with
maximised monitoring time, the BSPs
should be flexible and accurate with
extremely low power operation. In
addition, single-type sensor or sensor-
fusion solutions should be developed
as well to generate valid bio-datasets
for follow-up health conditions analy-
sis. Data screening is key to enhance
prediction accuracy and avoid false
alarm in practical usage. Finally, data
security to protect privacy leakage and
personal identification to secure the
quality of service should be taken into
account in these M-IoT devices.

An example on an
electrocardiogram (ECG)
An application scenario on an electro-
cardiogram (ECG) for heart disease
prediction is illustrated in the following
figure. To meet the requirements of
mobile healthcare applications, a spe-
cific M-IoT device is demanded with
enhanced energy-efficiency so that it
can be operated for more than one
week with one chargeable battery. In
the meantime, the device should be
small enough to allow user-friendly

wearable usage. Thus, a specific chip
needs to be designed to cover the fol-
lowing functions, namely signal acqui-
sition, feature extraction, syndrome
classification. In addition, data security
and personal identification have to be
covered as well. Wireless transmission
can be leveraged by those commercial
solutions, such as Wi-Fi and Bluetooth
depending on how this M-IoT is
deployed and used. A preliminary IRB
clinical trial based on this M-IoT on the
prediction of both arrhythmia and
myocardial infarction with accuracy
over 95% have been reported. If
sensor-fusion is further exploited to
cover ECG, vectorcardiogram (VCG),
and phonocardiogram (PCG), it is
believed that prediction accuracy can
be further improved.

There are two issues to be further
illustrated to avoid false alarm in prac-
tical usage. One is the input signal
quality and data validation: this is a
very important issue if the input signal
has been affected by environmental
noises, such as those from power-line,
skin contact drift, motion artefact, etc.
Different methods have been investi-
gated to reduce these noise sources
so that signal to noise level can be fur-
ther improved. However, these noise-
reduction methods may also induce
human-made extra noises to signal
sources, leading to worse prediction
accuracy and even higher false alarm
rates. As a result, new approaches to
screen out valid datasets from source

A move towards mobile healthcare with medical-internet of things (IoT) devices is placed
under the spotlight here in an insightful piece from Prof D. Chen-Yi Lee from Department of
Electronics Engineering, at the National Chiao Tung University in Taiwan

Towards mobile healthcare with 
medical-internet of things (IoT) devices
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signals should be further studied. The
other issue is datasets collection from
clinical trials. The sample volumes
should be large enough to cover dif-
ferent test conditions in model train-
ing phase so that prediction accuracy
can be accepted in practical usage.
This is very important when M-IoT
devices are to be deployed in different
test scenarios. 

However, one problem often encoun-
tered is the limited datasets collected
for model training, especially in medi-
cal diagnosis based on the data-driven
approach. Even test samples and pro-
cedures have been well defined and
planned but it’s still hard to cover all
test conditions and, hence, prediction
accuracy may vary a lot in practical
usage. As a result, new approaches
toward autonomous learning at the 

M-IoT device level should be further
explored to enhance prediction accu-
racy and make it reliable for mobile
healthcare applications.

A glimpse into the future
Lastly and by no means least, it is
believed that with the advances taking
place in M-IoT devices, including both
sensing capability and autonomous
learning, the penetration rate will
become much fast than it is today.
These new M-IoT devices, together
with data-driven operation infrastruc-
ture currently under construction, will
definitely provide better medical ser-
vices to society. As a result, the general
public will benefit more from a one-
stop service platform to lead a better
life while enjoying the advantages
offered by those M-IoT devices, both
developed and under development. 
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Iestablished the Communication
and Biologic Integrated Circuit (CBIC)
Lab in 2002. My mission is to build

a user-friendly development platform
with smart wearable systems, which
consists of the biosignal processing
integrated circuits and modules, the
user-friendly websites and apps, and
the artificial intelligence (AI) system on
the cloud.

The goal of the Guard Patch is to
develop a Low-power Long-term
Wearable Body Sensor SOC for Wire-
less Electrocardiogram Monitor. Our
team designs and implements a high
resolution and low power bio-signal
acquisition chip. The chip is fabricated
in a TSMC 0.18 μm standard CMOS
process. Based on this chip, we 
integrate the required circuits into a
wearable system module to sense the
Electrocardiography (ECG) signal from
users. The communication between
the sensor and the smartphone is
established via Bluetooth.

The software needs to fulfil the follow-
ing four principal tasks: 1) data pro-
cessing, 2) analysing, 3) displaying,
and 4) recording. A back-end applica-
tion (APP) on Android/iOS system 
carries out further mathematical 
calculation and analysis, including
demodulation and digital signal 
processing. With the basic monitor
function (off-line bio-signal data 
storage), the real-time monitoring
function is also developed and the
real-time bio-signal can be checked on

the smart device. The processed ECG
signal will then be displayed on the
screen. With such a wearable platform
for wireless bio-signal acquisition, the
user can access and monitor his own
physiological condition anytime and
anywhere. 

For these functions mentioned above,
this wireless bio-signal acquisition
system will become the guard patch
of the user. There are three main
advantages of this system, including
real-time monitoring, convenient for
wear, and easy to use. 

In addition, the technology of Guard
Patch is promoted to other applica-
tions, including smart clothing, I-Pet
clothing, TRIANSWER, intelligent med-
ical stethoscopes, epilepsy detection
and stimulation systems, portable
and wireless urine detection systems
and platforms, etc. The detailed has
been presented in the CBIC introduc-
tion video.

24-hour arrhythmia
monitoring system
Electrocardiography (ECG) is a funda-
mental method not only commonly
used in the hospital for clinical
requirement but also widely adopted
in home and personal healthcare sys-
tems to obtain the electrical activity of
the heart. An arrhythmia monitoring
system is proposed and used in a 
clinical trial. The proposed system has
three parts. The first is a high-resolu-
tion, low-power analogue front-end

circuit for implementing bio-signal
sensing circuits. The features of the
circuits are low complexity, high reso-
lution, and low power consumption. 

The second part is a digital signal 
processor with a decimation filter and
a universal asynchronous receiver/
transmitter package generator. The
last part is used to realise a software
interface on smartphone for ECG
signal recording, display, and classifi-
cation. A wavelet-based classification
method is also proposed to classify
the rhythm. The chip used in the
system is fabricated through TSMC
0.18 μm standard CMOS process. The
classification algorithm is verified with
data from the MIT/BIH Arrhythmia
Database. The accuracy of beat detec-
tion and arrhythmia classification is
99.4% and 95.83%, respectively.
Patients in Tainan hospital are
enrolled in a human study to verify
the performance of the proposed
arrhythmia monitoring system. Results
show that the system can acquire and
classify ECG signals.

Smart clothing
Combining the wearable devices with
the concept of the Internet of Things
(IOT) to create a wearable health care
system is a potential issue for an
ageing society. Among the applica-
tions of the wearable health care
system, smart clothing has some
unique advantages. First, unlike most
wearable devices such as watch and
belt, clothes are necessary for every-

Professor Shuenn-Yuh Lee, National Cheng Kung University, discusses his mission to build a
user-friendly development platform with smart wearable technology, in this report

Guard Patch: Intelligent wearable technology
with Internet of Things and platforms
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one in daily life, so the clothes-related
medical wearable devices can be easily
accepted by people.

Also, smart clothing has the ability to
provide more variety of bio-signal
monitoring than other wearable
devices because they have a larger
contact area to the body surface of
the user. Thus, Tien Jiang Enterprise
Co., Ltd. cooperates with our team in
developing a system of smart clothing.
The system utilises the fabric-based
electrodes with a comfortable sense
of touch to provide the measurement
of ECG signal and respiration signal,
and delivers the signal through Blue-
tooth to the mobile phone. At last, 
the physiological information such as
energy expenditure and heart rate
variability can be analysed.

I-Pet clothing
Through combining pet clothing and
front-end sensor, the I-Pet clothing is
a wireless bio-signal detecting system
for acquiring ECG and respiratory sig-
nals from a pet. An algorithm is imple-
mented to evaluate the emotion state
and heart rate variability. Based on
these analysis results, this system can
be a reference for veterinarian and
provide suggestions to pet caregivers. 

Moreover, the emotion index can help
pet masters to understand the mental
states of their pets. This work com-
bines the concept of wearable devices
and internet of things and contains
the hardware implementation and
software development. With a soft-
ware application as a graphical user
interface, users can obtain the real-
time and past condition of pet. This
information platform is a channel to
communicate with the vet and a
bridge for the pet lovers to exchange
their experience.

Trianswer
Trianswer is a bio-medical evaluation
module designed for wearable and
IOT-based products. It not only 
contains several features about low-
power consumption, miniaturisation
and IOT-based design, but also provides
the acquisition of high-quality bio-
signals including Electrocardiography
(ECG), Electroencephalography (EEG),
Electromyography (EMG), etc. By
reducing the development time and
cost, developers can manufacture
their wearable devices rapidly with
the assistance of Trianswer. 

In addition, acquiring the specific bio-
signal needs its own corresponding

module. Developers can combine
modules assisted by Trianswer to fit
their requirement. The main concept
of Trianswer is to promote the devel-
opment of bio-medical wearable
devices.

Intelligent medical
stethoscope
When mentioning the cardiac auscul-
tation in hospital, it is important but
difficult to distinguish efficiently
between the first heart sound (S1) and
second heart sound (S2). The identifi-
cation of S1 and S2 will affect the
judgement of the additional heart
sound and murmurs. The accuracy of
auscultation relies on the experience
of the doctor. In order to assist 
doctors in making diagnoses more
rapid and accurate, our technical
team develops the smart stethoscope
which is capable of measuring the
ECG signal and the heart sound signal
at the same time. These two signals
will be displayed on the smart phone
and the phase of the heart sound
signal can then be confirmed. To elim-
inate the uncertainty and reduce the
demand for experience, the doctors
may refer to these waveforms for
diagnosing the potential heart disease
by taking advantage of signal visuali-
sation.

Epilepsy detection and
stimulation system
Epilepsy is one of the most common
neurological disorder. It is mainly
caused by the abnormal discharge of
nerve cells in the brain. The main-
stream treatment for epilepsy is to
take oral medication. However, con-
ventional treatment is hard to achieve
remarkable effectiveness. In recent
years, many studies have focused on
the development of intracranial
implantable electrical stimulation. 

Our team cooperates with National
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Cheng Kung University (NCKU) hospi-
tal in developing the EEG sensor and
electrical stimulation module. The B6
mice are selected in the animal testing
at the present stage. The electrodes
are implanted to collect EEG signals
from mice, and the measurement
module transmits the signal through
Bluetooth to the computer. A custom
computer software application is
developed to perform a data analysis
algorithm, and identify epilepsy
immediately. Then, the electrical 
stimulation is provided to relieve the
symptom. To sum up, EEG signal
acquisition and epilepsy alleviation
with electrical stimulation are realised
in this system.

Portable and wireless urine
detection system and
platform
For decades, cardiovascular disease
(CVD) is the top cause of death in the

world and the top 3 leading causes of
death in Taiwan. The statistics reveal
the issue of CVD mortality awaits for
a useful prevention method. Due to
the high mortality of CVD, the early
detection of CVD is becoming a big
issue. A portable and wireless urine
detection system and platform for
home care and community screening
is proposed. It provides a telecare
platform to monitor the risks of CVD
and prevent the occurrence of CVD. 

The main concept is to develop a
system-on-chip, a microelectrode and
microchannel chip to detect the con-
centration of CVD-related risk factors
in urine. Data will be wirelessly trans-
mitted to a smart application platform
to evaluate the user’s cardiovascular
status based on the outcomes in 
clinical research. Users will obtain the
condition of CVD and the professional
medical advice from the cooperative

cardiovascular doctors in NCKU 
hospital through the platform.

Shuenn-Yuh Lee
Professor
National Cheng Kung University/Department
of Electrical Engineering
Tel: +88 662 75 75 75, Ext. 62323, 
ieesyl@mail.ncku.edu.tw
sylee@ee.ncku.edu.tw 
www.innocbic.com
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Climate change impacts and greenhouse
gases in Japan: A policy perspective

The Ministry of the Environment, Government of
Japan is responsible for global environmental
conservation, nature conservation and pollution

control and was created in 2001 from the sub-cabinet
level Environmental Agency that was set up during
1971(1). This article will look at examples of the 
Ministry’s work around the topic of climate, including
discussion of Japan’s National Greenhouse Gas Emis-
sion, GOSAT (Greenhouse gases Observing SATellite),
as well as climate change impacts.

Japan’s greenhouse gas emissions
The Ministry, along with the National Institute for 
Environmental Studies released Japan’s National
Greenhouse Gas Emissions (preliminary figures) for the
fiscal year (FY) 2017 in November 2018. These figures
tell us that the total emissions in 2017 were found to
be 1,294 million tonnes of carbon dioxide equivalents
(Mt CO2 eq.), a 1% decrease compared to those of
FY2016; an 8.2% decrease compared to FY2013 and a
6.2% decrease compared to FY2005. The Ministry’s
website offers their own thoughts on these figures.

“The main factor for the lower emissions as compared
to FY2016 is the decrease in energy-related CO2 emis-
sions due to the increase in the share of non-fossil
fuels within the domestic energy supply brought by the
wider adoption of renewable energy such as solar and
wind power and the resumption of nuclear power
plant operation.

“This is a decrease of 1.0% (12 Mt CO2 eq.) when com-
pared to the FY2016 emissions (1,307 Mt CO2 eq.),
mainly because of the decrease in energy-related CO2

emissions due to the increase in the share of non-fossil
fuels within the domestic energy supply brought by the
wider adoption of renewable energy such as solar and
wind power and the resumption of nuclear power

plant operation, despite the increase in hydrofluoro-
carbon emissions from refrigerants that substitute for
ozone-depleting substances.

“This is also a decrease of 8.2% (115 Mt CO2 eq.) when
compared to the FY2013 emissions (1,409 Mt CO2 eq.),
mainly because of the decrease in energy-related CO2

emissions due to the increase in the share of non-fossil
fuels within the domestic energy supply brought by the
wider adoption of renewable energy such as solar and
wind power and the resumption of nuclear power plant
operation, and the decrease in energy consumption,
despite the increase in hydrofluorocarbon emissions.”

We also discovered that there has been a decrease of
6.2% (86 Mt CO2 eq.) in comparison with to the 2005
emissions (1,380 Mt CO2 eq.), primarily due to the
decrease in energy-related CO2 emissions as a result of
the decrease in energy consumption, even though there
has been an increase in hydrofluorocarbon emissions.(2)

GOSAT
Staying on the subject of climate, we also learn that
GOSAT (Greenhouse gases Observing SATellite) is the
world’s first satellite designed specifically for monitoring
greenhouse gases from space. This is indeed an exciting
project and we know that GOSAT reveals details on the
global distribution of methane (CH4) concentrations
and carbon dioxide (CO2), as well as on where and how
much greenhouse gases are emitted or absorbed. This
was something highlighted in December 2018 by the
Ministry of the Environment Government of Japan, as
they detail below in their own words.

“Global atmospheric concentrations of CO2 and CH4 in
all layers of the atmosphere from the ground surface
to the top of the atmosphere rise yearly with seasonal
oscillation.

The Ministry of the Environment’s ambitions in Japan are detailed here, with a special focus on
climate change impacts and greenhouse gases policy 
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“These results are contributing to the climate science
and useful for climate change-related policies.”

In addition, our attention is drawn to GOSAT-2, a suc-
cessor of GOSAT, launched in October 2018 with
tremendous success. Using this satellite, the Ministry
of the Environment Government of Japan intends to
observe whole-atmosphere CO2 and CH4 concentrations
from space continuously. This is an activity that is 
carried out with high accuracy and can: “Estimate
anthropogenic emissions from a large city and large-
scale emission source, thereby contributing to further
enhancing transparency and GHG emission reductions.”

GOSAT and GOSAT-2 projects are promoted by the 
Ministry of the Environment Government of Japan,
along with the Japan Aerospace Exploration Agency, and
the National Institute for Environmental Studies. (3)

Climate change impacts
Finally, in recent news from January 2019 we discover
that when it comes to the manifestation of climate
change impacts across the world, the Intergovernmental
Panel on Climate Change (IPCC)’s 1.5ºC special report
in October 2018 describes the future of global warm-
ing: “Global warming is likely to reach 1.5ºC between
2030 and 2052 if it continues to increase at the current

rate”, they said. This is indeed a challenge and the 
Ministry’s website notes that to realise a decarbonising
society, the extension of conventional efforts plus new
innovation are very necessary. They believe that such
innovations are now considered to be a source of
growth.

“Under such situations, the Ministry of the Environment
(MOE) has proceeded with technical demonstration
projects of CCUS (Carbon dioxide Capture, Utilization
and Storage) which can greatly reduce CO2 from large-
scale emission sources to the atmosphere.” (4)  ■
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By way of background, it has
long been believed that the
extratropical ocean is passive

to atmospheric variability and, there-
fore, anomalies in extratropical sea-
surface temperature (SST) provide no
predictability in climatic condition. In
fact, the current operational seasonal
prediction for the extratropics finds 
its basis on remote influence from
tropical ocean-atmosphere variability
which is typified by El Niño/La Niña.
This conventional notion was estab-
lished on the basis of previous find-
ings that extratropical SST anomalies
form as a response to BOTH wind and
temperature fluctuations, which have
been derived from SST data based on
in-situ observations and output data
from atmospheric general circulation
models with low spatial resolution.  

Our challenge
However, recent satellite data and
high-resolution numerical modelling
have started offering a different view.
Utilising such high-resolution data,
our project “Hotspots in the Climate
System” or “Hotspot Project”, aims 
to present convincing evidence that
the mid-latitude ocean, especially, an
intense warm current along the
extreme western portion of each
ocean basin, such as the Gulf Stream
or Kuroshio, can exert thermody-
namic forces on the atmosphere
through heat and moisture release.
The eastward extension of the warm
current merges with a cold current,

forming an oceanic frontal zone with
a pronounced SST gradient. Variability
of the frontal zone as a response of
the ocean gyre to anomalous wind
stress can, therefore, yield strong SST
anomalies and thermodynamic forc-
ing on the atmosphere by modifying
heat and moisture release. We regard
these warm western boundary currents
(WBCs) and associated frontal zones
as climatic ‘hotspots’ that must be 
significant in shaping the tropospheric
circulation and variability. 

Well-designed structure 
for the challenge and
capacity building 
Our hotspot project challenges the

aforementioned established notion
by exploring the climatic impacts of
the WBCs and SST fronts through the
effective combination of numerical,
analytical and observational studies.
Under five-year funding from the 
Ministry of Education, Culture, Sports,
Science and Technology (MEXT), the
project was initiated in July 2012 as
the collective endeavour of 18 univer-
sities and four research institutes,
where over 100 researchers and 
graduate students across Japan are
involved. Led by Professor Hisashi
Nakamura, the project consists of
nine main programmes and a dozen
of smaller supplementary programmes,
with umbrella projects under which

Uncovering impacts of the midlatitude ocean is a part of the “Climatic hotspot project, as profiled
here by Professor Hisashi Nakamura from the Research Center for Advanced Science and Technology,
at the University of Tokyo in Japan

“Climatic hotspot project”: Uncovering
impacts of the midlatitude ocean
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At 3:05 p.m. Eastern Daylight
Time on September 26, 2011, the
Moderate Resolution Imaging
Spectroradiometer (MODIS) on
NASA’s Aqua satellite observed a
mid-latitude cyclone over the
midwestern United States. 



crosscutting research activity is pro-
moted for challenging four important
topics: Oceanic jets and SST fronts,
Pacific decadal climate variability, and
air-sea interactions under the East
Asian summer/winter monsoons. The
project encourages close collaborations
between physical oceanographers
and atmospheric/climate scientists, as
well as international collaboration,
therefore, offering an excellent 
environment for capacity building. In
fact, the number of PhD students in
the project increased by 150% during
the five years.

Unique field observations
One of the main programmes is spe-
cially designed for field observations.
Experts in the programme led obser-
vation campaigns just east of Japan,
including the one in early July 2012. It
featured a unique strategy where
three research vessels aligned merid-
ionally at fixed intervals crossed the
Kuroshio Extension and associated
SST front repeatedly from the south
and north over five days, while con-
ducting GPS sonde and expendable
bathythermograph observations for
the atmosphere and upper ocean,
respectively and synchronously every
two hours. Unlike many previous
attempts by single-vessel observa-
tions, our campaign was the first to
unambiguously reveal a detailed 
vertical structure of the SST front 
and cross-frontal contrasts in the
atmosphere, including the vertical
structure of the boundary layer and
low-level clouds. These findings are
valuable as a benchmark for numerical
models.

Outcomes and
achievements
The outcome of the hotspot project
was truly substantial and represented
as 400 peer-reviewed papers in inter-

national journals after a five-year
funding period, and new papers are
still coming out. Some of them are
archived in a special section of the
Journal of Oceanography (2015) and a
special collection of the American
Meteorological Society "Climate Impli-
cations of Frontal Scale Air–Sea Inter-
action". Jointly with the Japan
Meteorological Agency, the project
has produced a new product of global
atmospheric reanalysis with high-
resolution SST ( JRA55-CHS). We pre-
sented solid evidence that midlatitude
oceanic frontal zones favour the
recurrent development of cyclones
and anticyclones to form regions
called “storm tracks”. Moisture supply
from the warm WBCs favours 
explosive development of cyclones.
Wintertime cyclone tracks are found
sensitive to the Kuroshio meanders,
modulating snowfall probability in
Tokyo. Recurrent cyclone develop-
ment shapes low-level cloud distribu-
tion, which influences the Earth’s
radiation budget, and organises large-
scale rain bands along the frontal
zones. Through storm track formation,
the midlatitude oceanic frontal zones
influence basin-scale or even hemi-
spheric-scale westerly jet streams and
their variability. For example, persistent
SST anomalies in the Kuroshio/Oyashio
Extensions act to force basin-scale
variability in upper-level westerlies
over the Pacific and semi-permanent
surface low-pressure system (the
Aleutian Low), whose climatic influ-
ence extends into North America. SST
frontal zones in the southern oceans
are found to be essential for the 
dominant hemispheric-scale mode of
westerly variability, through which
extensive climatic trends were induced
over the late 20th Century by the for-
mation of the stratospheric Antarctic
ozone hole. In summer, particularly
high SSTs along the Gulf Stream or

Kuroshio are found to organise deep
convective clouds, especially under
warm, moist air flows from the 
tropics, which sometimes give rise to
torrential rainfall in coastal regions. 

Towards the next stage  
Our findings mentioned above urge
the international community of cli-
mate science to promote high-resolu-
tion modelling of the ocean and
atmosphere to resolve narrow midlat-
itude hotspots and their climatic
impacts. During the 20th Century, the
hotspots underwent locally enhanced
warming, and their climatic role is,
therefore, expected to increase under
future warming. In fact, recent ocean
warming around Japan appears to
yield enhanced surface evaporation
and, thereby, increases the likelihood
of torrential precipitation over Japan.
The next stage of the project is under
preparation to expand its scope into
clarifying the role of the climatic
hotspots in a future projection of the
occurrence of extreme weather and
climatic conditions, under on-going
global warming. We will also explore
similar hotspots in the Arctic, as we
have found that declining sea-ice
cover in the Barents/Kara Seas acts to
strengthen the Siberian High and,
thereby, induce severe winters over
midlatitude Eurasia.

Hisashi Nakamura
Professor
Research Center for Advanced Science and
Technology, the University of Tokyo
Tel: +81 3 5452 5145
hisashi@atmos.rcast.u-tokyo.ac.jp
www.atmos.rcast.u-tokyo.ac.jp/nakamura_
lab/en/index.html
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Quick earthquake alert notification for
disaster risk reduction in Taiwan

Taiwan is located on the boundary between the
Philippine plate and the Eurasian Plate. The 
convergence of these two tectonic plates activity

causes about 100 obvious felt earthquakes per year
and 100 minor non-felt events per day around Taiwan.
Several hazard earthquakes have occurred during our
history. The most famous one was the 1999 Chi-Chi
earthquake with Richter magnitude 7.3 in the middle
of Taiwan, which killed more than 2,000 and caused
mass building damage as well. The threat of an earth-
quake is, therefore, a serious issue today in Taiwan.

The Central Weather Bureau (CWB) is the government
agency responsible for earthquake monitoring and rel-
evant warning issues in Taiwan. More than 700 seismic
sensors were deployed in and around Taiwan, includ-
ing some on the ocean floor in the East Offshore
Marine Area. About a quarter of these stations com-
municate in real-time with the headquarters at CWB at
any given time. Depending on these precious ground
motion signals, an automatic detection system was
developed which can locate an earthquake at any time. 

Besides the automated system in place, there are at
least three persons on duty in the Seismological Center
of CWB. They have ensured the healthy operation of
the Seismic Network and the computer systems all the
time, and their most important mission is to verify 
the correctness of all information and to issue felt-
earthquake reports as quickly as possible. The report
is disseminated to hazard-rescue agencies, hazard-
assessment organisations, earthquake research insti-
tutions, important infrastructure systems (such as
power supply, communication, and transportation),
and mass media. Besides the initiative disseminated,
these reports will also be published on the website of

the CWB to inform the general public simultaneously.
For instance, 139 obvious felt-earthquake reports were
issued in 2018, and the average performance of auto
detect and location takes place in about 60 seconds
and issues are reported within the space of around five
minutes. 

“The Central Weather Bureau (CWB) is the
government agency responsible for earthquake

monitoring and relevant warning issues in Taiwan.
More than 700 seismic sensors were deployed in an
around Taiwan, including some on the ocean bottom

in the East Offshore Marine Area.”

Based on the millions of earthquake data recorded and
the monitoring experience in place for over 25 years,
the CWB had been conscious that felt-earthquake
reports are useful, but only in the hazard-rescue stage
after earthquake shaking occurs. Therefore, we devel-
oped the Earthquake Early Warning System (EEW) to
detect significant earthquakes quickly in order to issue
a warning about 10-15 seconds after the earthquake
occurrs. That means we can issue alerts for the area
about 60 km away from the epicentre and provide sec-
onds to 10s of seconds warning time for an urgent
response before the destructive shaking occurs. 

Since 2014, CWB has provided the EEW warning
directly to all the public schools, hazard-rescue agen-
cies and other government departments in Taiwan.
Since 2016, CWB has issued EEW warnings through the
Public Warning System (PWS) to wireless devices of the
general public. The PWS was developed and con-
structed by the government and communication Corp.,
which is based on the Cell Broadcast Service (CBS) on
the 4G network. This means that all the people in a

Deputy Director of the Seismological Center Central Weather Bureau (CWB) in Taiwan, 
Nai-Chi Hsiao, explains how the country’s quick earthquake alert system provides notification 

when it comes to ensuring disaster risk reduction
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high-risk area can receive an EEW warning at the same
time! CWB also collaborates with TV companies to
deliver instant live pop-up messages during the trans-
mission of programmes.

However, the warning can only help people taking
action to protect themselves (Drop, Cover, and Hold
on) because the warning time is limited. The main 
benefit of an EEW is the application of industrial auto-
control, slowing down high-speed communication
vehicles, suspending or halting the gas-line or power-
line system, auto protection for a dangerous system
such as power plants, hi-tech equipment, and so on.
CWB had promoted the application of the EEW,
recruited more than 10 private companies and
research institutes in different domains to collaborate
in order to develop warning message forwarding and
customised application for requirements for any
hazard mitigation purpose.

No matter what the earthquake report or the EEW
warning is, we focus on improving the availability, accu-
racy, and efficiency of earthquake monitoring. There
are several tasks that need to be promoted eagerly in

the future. These include expanding the coverage of
the Seismic Network and installing more advanced and
robust ocean bottom seismographs on the east-south
ocean of Taiwan where it is most likely that an earth-
quake will occur. To enhance the density of the Seismic
Network: upgrading more off-line to real-time stations
is required – improving the algorithm of computer
modules so that it will take less time for the EEW to be
issued. The ultimate goal of earthquake monitoring in
Taiwan is to provide useful EEW and earthquake
reports to whoever needs them, to achieve practical
earthquake hazard mitigation, helping to secure the
civil life and properties in the country. ■

Nai-Chi Hsiao, PhD
Deputy Director
Seismological Center
Central Weather Bureau (CWB)
Tel: +886 2 234 91 162
naigi@cwb.gov.tw
www.cwb.gov.tw
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In Taiwan, there are two kindsearthquake early warning system
(EEWS) developed for people, the

first one was called the regional EEWS
developed by Central Weather Bureau
(CWB) and the other was the on-site
EEWS developed by The National
Center for Research on Earthquake
Engineering (NCREE). When the earth-
quake event occurs, the wave propa-
gates and the relative signal will be
detected by seismometers which are
closest to the epicentre and the
regional EEWS collect this data to esti-
mate the essential parameters, such
as the epicentre, earthquake magni-
tude and intensities for influence
area, etc. Then, a data centre collects
the essential parameters and finally,
publishes the warning information.

To wait for the data, transmission
from seismometers and collection for
analysis procedures will be costly in
terms of time, in that they will delay
the warning. When the earthquake
event occurs inland, for example,
transmission and analysis works will
be about 16~20 secs when it comes to
a warning. However, the seismic wave
still propagating at the same time
means that the influenced areas near
the epicentre (influence radius small
than 70 km) cannot receive the warn-
ing. Such influenced areas are also
called the blind zone. The on-site
EEWS was developed to reduce the
blind zone, based on detecting the 

P-wave (1-3 secs) by only using an 
on-site seismometer to predict the
earthquake essential parameters for
publishing. Because the on-site EEWS
doesn’t need the transmission from
several seismometers in different
sites, the areas near the epicentre can

receive the warning information early.
The on-site EEWS can decrease the
blind zone. 

According to the earthquake events
data during 2013-2018, the influence
radius was reduced to less than 30 km.

The current status of Earthquake Early Warning System (EEWS) in Taiwan is detailed here by
Pei-Yang Lin, Research Fellow at the National Center for Research on Earthquake Engineering
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Development of the Earthquake Early
Warning System (EEWS) and Structural
Health Monitoring System (SHM) in Taiwan

2.5-8 gal
8-25 gal
25-80 gal
80-250 gal

2.5-8 gal
8-25 gal
25-80 gal
80-250 gal



And there were several successful
cases which can be found in a database
of on-site EEWS, which can activate the
broadcast system in schools to notify
people automatically to respond in the
event of an emergency.

“During the past few years, NCREE 
provided the total solution of seismic
disaster reduction.”

Customised on-site EEWS
The proposed on-site EEWS can further
serve the users with vibration-sensitive
equipment, by providing more local,
detail and accurate seismic vibration
prediction and the automatic disaster
reduction control system in advance. It
cost $160,000~$200,000, and the
target users include high-tech plants,
high-speed rail, power plants …etc. In
the 2016 Meinong earthquake, the on-
site EEWS succeeded in providing the
famous semiconductor company in
Taiwan an early warning and activated
the related emergency responses to
reduce seismic loss. 

Considering the high costs of the on-
site EEWS, NCREE developed another
business model for EEW service.
People or government can install one

on-site EEWS and message server in a
small area (~20 km radius). As the seis-
mic intensity is similar inside the area,
thousands of users inside the area can
share the same early warning message
with a low-cost receiver. This kind of
application is suitable for the seismic
hazard area which needs a warning
system urgently. Only after several
months of installation, can the EEWS
serve thousands of users.

Applications of EEW for
smart-technology
During the past few years, NCREE 
provided the total solution of seismic
disaster reduction. Before the main
shake, the EEWS can provide the warn-
ing info and activate the disaster
reduction control, such as shut-off the
gas, open the door, stop the elevator…
etc. During the shake, the seismic-
proof table and safety area provides
people with a strong shelter. After the
shake, the structural health monitor-
ing system (SHM) can provide the
structure healthy condition and safety
report to help people carry out the
post-earthquake response (return or
leave the damaged structure) quickly.

In 2017, NCREE applied the on-site

EEWS and SHM and in an office build-
ing in central Taiwan science park. The
whole system also had been validated
on the full-scale RC building shake
table test. In 2018, NCREE cooperative
with CWB to apply the EEWS +SHM to
10 building structures. We want to use
these demonstrations to promote the
proposed disaster-privation system,
and wish it can be widely deployed in
the near future.

Pei-Yang Lin
Research Fellow
National Center for Research on 
Earthquake Engineering
Tel: +886 2 6630 0895
pylin0823@gmail.com;
pylin@narlabs.org.tw
www.ncree.org
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Structural Health Monitoring System Construction Process

http://140.110.17.180/ncree_v2/index.php

Design/Analysis Hardware
Installation Lab. Test/Validation Structural Health

Monitoring System
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For general garbage disposal in Taiwan, nearly
60% is recycled while 40% goes for incineration.
Challenges include declining efficiency of inciner-

ators as they approach the end of their service lives,
offshore island garbage disposal and adequate 
diversified disposal channels for kitchen waste. In an
attempt to improve the efficiency of old incinerators
and to diversify treatment options, in June 2017 the
Executive Yuan approved the Diversified Waste Treatment
Plan proposed by the EPA. It is to be implemented 
over six years with a budget of NT$15.342 billion from
central and local governments.

The Plan has six focus areas: upgrades of incinerator
equipment; promotion of regional cooperation; offshore
garbage disposal; improving the effectiveness of 
environmental installations; supervision of garbage
clearance and; circular economy policies.

Introduction of new garbage disposal
technology and incinerator upgrades 
and improvements
On 15 May 2018, the EPA held the Symposium on
Garbage Incineration Disposal Technology. Professionals
from enterprises in relevant fields were invited to talk

about incinerator upgrades and improvement, as well
as new waste treatment technologies. It was decided
that regional platforms could be established to facilitate
cooperation in addressing waste treatment problems.
Diversified treatment facilities would be set up and the
effectiveness of existing facilities improved through
economic incentives and other assistance provided to
help with the adoption of new technology.

Significant results since 2017 are as follows:

1. Assessment and planning for
incinerator upgrades and construction
During the first half of 2018, the EPA invited regional
bureaus, operators, and supervising units to attend
meetings to promote overall equipment upgrades 
for incinerators and go over application procedures 
for future upgrades and needed construction. So far
assessment and planning budgets have been approved
for nine incinerator upgrades.

Plans for transporting waste from three offshore island
counties were approved as well. The EPA also helped
counties without incinerators to set up their own 
diversified disposal facilities.

The environment: Diversified waste
treatment in Taiwan

The Environmental Protection Administration (Taiwan) charts their efforts
when it comes to diversified waste treatment

ENVIRONMENT
Incinerator for municipal
waste in Hsinchu, Taiwan
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2. Promotion of regional waste
reutilisation facilities
(1) An NT$1.8-billion project is in place to establish,
from 2017 to 2022, at least three bioenergy plants
using kitchen waste, which is expected to raise kitchen
waste disposal capacity to 180,000 tonnes/year and
reduce carbon emissions by 17,400 tonnes/year. The
project is already in motion with six regional govern-
ments, including Taipei City. In addition, construction
of Waipu Green Energy Eco Park in Taichung City
started on 24 October 2017, with a trial run set for 
September 2018.

(2) The Environmental Protection Facility Efficiency
Improvement objectives of the Plan aimed at lightening
incinerator loads by utilising wastes as resources and
for energy through measures such as kitchen waste
dehydration in pre- and mid-treatment. The EPA
approved the establishment of pre-treatment facilities
for dehydrating and breaking down kitchen waste,
located in Tainan City, Yunlin County, and Yilan County
in 2017, and in Kaohsiung City in 2018. This year a 
high-performance compost treatment facility was also
approved to be set up in Lienchiang County. Through
these measures, the EPA hopes to increase the 
efficiency of kitchen waste recycling and reuse, and
effectively solve garbage disposal problems. In addition,
they should lead to positive carbon reduction outcomes,
and keep Taiwan up with international trends.

3. Bottom ash disposal and reuse
Regarding bottom ash disposal and reuse, the EPA
completed trials for the reutilsation of granular mate-
rials used in the maintenance and construction of road
pavement in logistics and storage zones. The Informa-
tion Management Center for Reutilization of Granular
Incinerator Materials has been established to ensure
thorough source-to-end controls. Each government
department is also asked to start using or to increase
the usage of granular incinerator materials in infra-
structure projects in order to expand channels for the
reutilisation of waste products and promote resource
recycling and reuse.

4. Promoting reutilisation of livestock
waste as farmland fertilizer
Currently, 211 farms have been approved to send 
livestock waste for anaerobic fermentation before it is

used on farmland as fertilizers. This reduces organic
pollution by 5,574 metric tonnes/year, and NT$10.1 billion
is also saved as this is equivalent to building 101 gravel
contact oxidation treatment facilities. A total of 921,000
metric tonnes of fertilizers are used per year on 819.7
hectares of farmland, including 287 metric tonnes of
nitrogen. Together farmers reduce costs on chemical
fertilizers of up to NT$13.92 million. To link reutilised
products with farmers’ needs, the EPA has held 
meetings and set up an online platform, that can
match over 50,000 tonnes of fertilizers with 468
hectares of usable farmland.

Future outlook
Continuing to carry out the Diversified Waste Treat-
ment Plan, the EPA estimates that after all incinerators
are overhauled, the combined increase in treatment
capacity will be equivalent to an incinerator that is able
to treat 900 metric tonnes/day of waste. The following
tasks will also be continually promoted:

Counties without incinerators will be assisted first to•
set up diversified local self-operating waste disposal
facilities.

New technology and treatment facilities are encour-•
aged through economic incentives to raise treatment
efficiency.

Industries and new technology are combined to pro-•
mote industry upgrades and open overseas markets.

Regions are assisted to set up treatment facilities that•
utilise kitchen waste for bioenergy in order to improve
kitchen waste disposal, open up channels and 
markets for reutilised products, and promote circular
economy policies. ■

Environmental Protection Administration (Taiwan)
Tel: +886 2 2311 7722
www.epa.gov.tw/ENG/
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Science and technology innovation including
energy: A crucial driver for economic growth 

In the knowledge-based economy of today, science
and technology (S&T) innovation have become a
crucial driver for economic national progress and

growth. In light of this, the Ministry of Science and
Technology (MOST) in Taiwan was created in March
2014 and the organisational structure was geared to
facilitating stronger links between research in the 
academic and industrial development. Prior to this, the
equivalent organisation was known as the National 
Science Council (NSC) of the Executive Yuan, which
dates back to February 1959.

In addition, we know that MOST will carry on the NSC’s
tradition of innovative programmes and measures – and
bringing academic research a step closer to the needs
of industry. MOST believe it can boost Taiwan’s industrial
and academic competitiveness at the international level,
by employing an entrepreneurial and innovative spirit,
as well as encouraging creativity in S&T.1

One of the National Sci-Tech Programmes in Taiwan that
the MOST website draws our attention to is the National
Energy Program (NEP-I)2. By way of an introduction, we
know that Phase I of the NEP-I was set up by a Resolution
from the Energy Policy & Technology Development
Working Group of the Executive Yuan. In addition, 15
energy technology-related development programmes
were drafted during November 2007. 

The website of NEP-I draws our attention to the four
focus areas for future energy programmes, as well as
the 2011 disaster at the Fukushima nuclear power
plant and also, the global financial crisis.

“NEP-1 established four directions for future energy
programmes: energy efficiency, energy usage & energy
sustainability, renewable energy development & utili-

sation, and formulation & evaluation of energy tech-
nology development strategies. 

“In March 2011, the unfortunate disaster at the
Fukushima nuclear power plant saw a major change in
dealing with energy and energy projects. 

“In addition, the global financial crisis of the European
Union, the U.S. subprime mortgage calamity, etc., along
with the constant political threat of terrorists and an
increasing demand for energy and material resources
in Asia as well as the burst of the bubble from the 
overinvestment of photovoltaic and LED industries,
have forced a new paradigm shift with regards to
energy and energy resources allocation.”3

We know that when it comes to energy policy in Taiwan,
there are a number of goals, such as improving energy
efficiency and reducing dependence on imported
energy. Another is to improve the international com-
petitiveness of alternative energy industries. Helping
build a smart grid system and developing a smart grid
technology industry in Taiwan is also a priority. 

While there are a number of other goals for energy
policy, let’s just focus on one here that concerns devel-
oping smart offshore wind power and ocean energy
technology industries. In the view of NEP-I, they want
to strengthen the development of offshore wind and
ocean power and, “realise a domestic power production
of 2.1 billion kWH and carbon reductions of 1.3 million
tons by 2020.”

The vision of the Offshore Wind Power and Ocean
Energy Master Program is, “increasing national energy
independence, reducing emissions and damage and
establishing Taiwan’s offshore wind power industry

Science and technology innovation is a crucial driver for economic national progress and growth in
Taiwan. As an example of National Sci-Tech Programmes in the country, we take a look at the National

Energy Program and the call for the country to achieve 100% renewable by 2030
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chain.” This vision combines university, research 
and industry resources, plus it integrates concepts for
pioneering applications and builds industry consensus
to propose development targets for offshore wind
power industry, break new ground in the development
of offshore wind power and ocean energy technologies,
and coordinate solutions from academic and research
institutions.4

Achieving 100% renewable energy by 2030
Perhaps this vision will help with the recent recommen-
dation that Taiwan should introduce more policies to
accelerate its energy transition, with the suggested goal
of achieving 100% renewable energy by 2030. An inter-
nationally renowned energy and climate advisor advised
this back in August 2018. Hans-Josef Fell, Founder and
President of the Berlin-based Energy Watch Group says,
“transiting to 100% renewable is not a faraway target. It
is the main strategy in many nations.”

We know that President Tsai Ing-wen has promised to
decommission the country’s nuclear power plants,
which currently generate 9.3% of electricity. By 2025,
the plan is to achieve an energy mix that is 50% lique-
fied natural gas, 30% coal and 20% renewable energy,
which today accounts for 4.9%. Fell draws our atten-
tion to the example of Germany who has done remark-
ably well in the move towards renewable energy. “Now
renewable energy is cheap and goes faster. If this 
doubling goes on, we will have 100% renewable energy

by 2030 in Germany. It’s possible. I believe it will come”,
he says. Fell underlines the need to diversify sources
of renewable energy to balance fluctuating power
supply, based on wind and solar power.5

“Transiting to 100% renewable is not a faraway
target. It is the main strategy in many nations.”

In closing, it’s worth relating the energy areas discussed
in this article as an excellent example of science and
technology (S&T) innovation becoming a crucial driver
for economic national progress and growth which is a
key policy aim of the Ministry of Science and Technology
(MOST) in Taiwan. ■
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Taiwan, an island-type country
with a population density ranked
second in the world, must be

provided with approximately 42GW
electricity autonomously each year. In
2017, power distribution for coal-fired
power generation was 39.2%, gas
power generation 43.4%, nuclear
power generation 9.3%, hydroelectric
power generation 8.1% (plus a few 
percentages on renewable energy).
Recently, a rise in the awareness of
environmental protection, under the
anti-nuclear policy of the Taiwan 
Government ruling by the Democratic

Progress Party, and peoples’ aware-
ness of anti-air pollution resulting
from thermal power generation, wind
power seems to be the major antidote
to this impasse in energy distribution.
Due to land wind turbines, in addition
to its poor efficiency, its development
has also been limited by land use 
and the turbine’s low-frequency noise.
Hence, since 2012, the government
had promoted the so-called offshore
wind power scheme for thousands of
turbines. Coupled with the mature
development of offshore wind farm in
Europe, such as the significant reduc-

tion of costs due to the maturation of
development technology, Taiwan has
now become the most important area
in the world to develop offshore wind
power generation. 

The wind field in Taiwan Strait is
blessed in the world, for instance; the
average density of wind fields near
the coastal zone of Changhua is 7m/s
or equal to 750W per square metre of
power generation. According to C-Off-
shore reporting, Taiwan Strait ranks
among the highest wind farms in the
world. The development of offshore

Dr. Gwo-shyh Song, Associate Professor at the Institute of Oceanography,
National Taiwan University and Senior Consultant with Global Aqua Survey Ltd
provides an in-depth look at green energy in the country

A focus on green energy Taiwan
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wind power in the Strait area has the
following characteristics:

1. Wind speed greater than 10m/s, a
good rate of more than 60% in 7.5
months during the autumn and
winter season; even a proper rate
of more than 20% in 4.5 months
during the spring and summer
season. More importantly, the
direction of the wind is stable.

2. Water depth of less than 50 metres
can be developed in a wide area of
up to 5,600 square kilometres.

3. More than 80% of wind farm 
positions have a moderate offshore
distance to reduce the impact on
the inshore environment.

4. With the exception of some inshore
wind fields, most of the wind farm
geological conditions of the excellent
seabed are covered by more than a
hundred metre thick layers of a
medium or coarse grain of sands
without the occurrence of active
faults. 

5. The government is encouraging a
push to reduce fisheries disruption.

Promoting green energy is the main
mechanism to solve the environmen-
tal impact in the development of
modern world inspections, and while
it is expensive, Taiwan cannot stay out
of it. However, the development of
offshore wind power based on
national economic considerations
must also take into account the fol-
lowing shocks:

1. Impact and myths of the
environment
Is it time to use nuclear energy but it
this causing much disturbance in
Taiwan because it is a relatively cheap

and stable base power in energy 
distribution? Many people are opposed
to nuclear power because of Taiwan’s
location in earthquake zones – com-
bined with the incidence of Japan’s
Fukushima tsunami nuclear power
plant disaster and nuclear waste
which has not been resolved – so 
this makes the residents who live
around power plants feel unsafe. The
government has, therefore, decided
to gradually reduce the power supply
ratio of nuclear energy, with the 
intention to denuclearisation the
country in 2025. 

The supply ratio of thermal power
generation must be increased in a
short period of time without the use
of nuclear power. Although the cost
of thermal generating electricity is
cheaper – especially coal-fired power
generation, releasing pollution parti-
cles also called particulate matter
(PM) 2.5 – makes almost all major
metro-cities with bad air quality such
that people choose against the 
additional development of so-called
coal-fired power plants during the
2018 referendum. 

As for the construction of hydroelectric
power or reservoirs, it has caused the
destruction of the natural environment
or results in reservoir siltation and
river ecological damage, and even
coastal erosion phenomenon. The
establishment of terrestrial wind 
turbines in recent years because of
the low-frequency noise has been
generated but its development has
been limited. 

So, it seems that offshore wind power
is the antidote to environmental
killers compared with other types of
power resource. The impact on the
migration of migratory birds and the
restrictions on fishing activities were

the most discussed when I was on the
Environmental Impact Assessment
Committee; however, it had also been
suggested that the agglomeration
effect of the foundation of the 
turbines based on the seabed may
have a positive effect on the increase
in catches. 

2. Power generation efficiency 
and cost
Regardless of whether wind power
can be used as base power, the
demand for existing electricity in Taiwan
was 42GW in 2018. If the average 
generating capacity per turbine is 8 MW,
then half of the wind field area of
5,600 square kilometres for offshore
wind power generation is used and
spacing between the turbines is 1 km.
22.4GW power of electricity can be
generated in ten years which is more
than half of the amount of power
required in Taiwan. 

Wind turbines can generate power at
a wind speed of 3m/s. It indicates that
there will be 97% of the time period in
the Strait Wind Power can be gener-
ated. With larger wind energy based
on higher wind speed, we can predict
that it can generate 60% of the total
electricity that is produced by offshore
wind turbines during the autumn and
winter; or at least 20% of the total
wind-generated electricity in the
summer season. It indicates that in
2030, with the total wind-generated
power at 22.4GW, there is 13.44GW
which can be generated or accounts
for about one-third of the electricity
demand during winter, and 4.5GW
can be generated or accounts for 11%
of electricity demand in the summer.
This amount of power generation can
replace the electricity generated by
nuclear power in Taiwan or reduce the
amount of air pollution emitted by
coal-fired power generated by 30% in
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the summer when the air is more
heavily polluted.

To encourage skilled developers to
assist in the initial development of 
offshore wind electricity, Taiwan has
provided approximately the purchase
price of NTD 6 dollars per degree
(exchange ratio between NTD and
USD is 31:1). This electricity price is
much higher than the average cost of
generating electricity for the Taiwan
Power Company (TPC) itself, NTD 2.2.
As a result, many groups of people
have questioned the offshore wind
power policy which will greatly raise
the cost of power generation and,
therefore, cause prices to rise and 
will impact on the overall economic
development of Taiwan.

But will the development of offshore
wind power really end up like this?
Before we can come to this conclusion,
we must first observe the following
two phenomena:

a). This initial pricing was only applicable
to the development of demonstration

wind farms, a price that would
slowly decline with the status of
development. The 5.5GW wind
farm granted to date, of which
3.3GW has been used in terms of
the average purchase price that
has to be supplied before 2025 has
fallen to NTD 5.4- NTD 5.8 per degree.
The remaining 2.2GW wind farms
granted with the open bidding has
dropped to a reasonable price of
NTD 2.2 - NTD 2.5 per degree. It
comes to the average purchase
price of 5.5GW for wind farms, drop-
ping to around NTD 4.5 per degree.

b). The ratio of power energy types in
the Taiwan Power Company has a
different energy cost structure.
With the removal of environmental
costs, coal-fired power generation
cost is NTD 1.6, gas power is NTD
2.7, nuclear power is NTD 1.2,
hydroelectric power is NTD 2.7,
and terrestrial wind power is NTD
0.8 degree (above of them is 
non-procurement costs). 

Hence, when considering the different

costs at various times and in terms of
the different energy structure of power
supply, the costs of power generation
in Taiwan will be increased by
between 12%-15%, based on the use
of offshore wind power calculations.
Finally, it will be reflected in the pricing
of electricity. 

So, let’s make a preliminary budget
estimate. Nuclear power generation
in Taiwan was around 4GW in 2018 as
part of the government’s strategy: 
offshore wind power is used to
replace nuclear power generation.
The remainder of wind power should
replace high-pollution coal-fired
power generation. According to the
time schedule of offshore wind power
development, 5.5GW of wind power
can be supplied by 2025, and 10.8GW
(EIA obtained by existing developers)
by 2030. Let’s assume the generating
costs of offshore wind power are NTD
4.5 per degree for the first 5.5GW, and
NTD 2.3 per degree for the remainder
of 5.3GW, then electricity generation
costs will be in between NTD 2.47 and
NTD 2.53 per degree. Compared with

Gaomei Wetlands wind turbines in Taiwan



the costs of NTD 2.2 in 2018, an
increase of between 12%-15% in the
pricing of electricity is predicted.

In summary, under the condition that
10.8GW wind power can supply
5.4GW electricity by assuming there is
50% proper rate in a year – wind
power can totally replace the nuclear
power used or one-third of high-
polluted coal-fired power in Taiwan
between 2025 and 2030. However,
electricity prices will rise by at least
10% which will impact individuals in
the country.

3. Benefits for local industry
The purchase price for high-priced
wind power proposed by the govern-
ment in Taiwan totals USD 160 million
worth of investment for 3.3GW of
power by foreigner developers, who
were asked to come up with a so-called
home-grown industry chain mentoring
programme. This means that requiring
local industries to participate in the
construction process is necessary.
Projects include work on the fan
tower, turbine and its components,
the underwater foundation, basic power
facilities, the electric cable and the
laying, underwater construction, hydro -
graphic and geological site surveys, as
well as the manufacture of ship and
tools which all must be done locally.

The plan aims to utilise hundreds of
millions of investment to increase 
the country’s economic growth by
providing employment opportunities
for thousands of people in Taiwan.
Besides that, its final goal is to ensure
the localisation of wind power indus-
trial technology.

Because the development of offshore
wind power concerns the cost of 
generating electricity in Taiwan, the

increase in NTD 0.3 per degree was
predicted on the total at 42GW of 
the power supply. It means that the
country will spend more around NTD
110 billion (USD 3.3 billion) per year;
therefore, the plan has been criticised
by many since the 20 years’ wind
power supply plan will cost the people
of the country around NTD 2,200 
billion of extra money (USD 70 billion).
The rise of local industries and the
roots of technology have become the
major antidote to this controversy. 

So far, developers from all over the
world are DONG Energy (or Orsted)
from Denmark, Yushen from Singapore,
Northpower from Canada, Macquarie
Capital from Austria, Copenhagen
Infrastructure Partners (CIP) from
Denmark, WPD from Germany; and
includes some local businesses, such
as Swancor Holding Co, China Steel
Corp and Asia Cement Corp. This is
because the development of green
energy has already reached a global
consensus.

In addition, this is the best time for
Taiwan to develop offshore wind
power. Since the development of wind
power in European counties for many
years, the accumulation of this huge
breadth of experience is such that
Taiwan could fall into the trap of not
taking the right approach. Together
with strong support from the Taiwan
Government, it then brought the wind
power developers from all over the
world successively. 

Based on the protection of the Earth’s
environment, although the cost of 
offshore wind power construction is
relatively high at this stage, in recent
years, with mature technology in place,
experts predict that the costs per
degree of offshore wind power in 

Asia will be less than NTD 2 dollars. Of
the top 20, Taiwan Strait has been
blessing by the 16 best wind fields in
the world; therefore, the promotion of
offshore wind power in the face of
non-nuclear homes and a reduction
of air pollution, I believe that Taiwan is
on the right track.

Whether this precious energy, located
in Taiwan Strait, can give Taiwan a
bright future in the next few years as
a model for the world’s environmental
leader, let’s wait and see.

Dr. Gwo-shyh Song
Associate Professor
Institute of Oceanography, 
National Taiwan University

Senior Consultant 
Global Aqua Survey Ltd.

Tel: +886 02 23660883 
songs@ntu.edu.tw 
http://www.oc.ntu.edu.tw/oceng/

55

PROFILE



ENERGY

56

Enhancing industrial technology and
addressing energy and global

environmental problems in Japan

The New Energy and Industrial Technology Devel-
opment Organization (NEDO) was established
after the two oil crises of the 1970s when the

requirement for energy diversification in Japan
increased. In essence, NEDO is a governmental organ-
isation that since 1980, promotes the introduction and
development of new energy technologies. It’s interesting
to note that research and development (R&D) when it
comes to industrial technology was later added to the
remit of NEDO. In addition, NEDO is one of the largest
public R&D management organisations in the country.

The mission of NEDO is two-fold – raising the level of
industrial technology – and addressing energy and
global environmental concerns. 

On the first aspect, we know that NEDO undertakes
projects to explore future technology seeds as well as
mid- to long-term projects for industrial development.
NEDO also supports research related to instances of a
practical application. 

On the second aspect, NEDO actively looks at the
development of new energy, such as wind power, 
biomass and waste, as well as photovoltaic, wind
power, geothermal power, thermal utilisation and fuel
cells. Energy conservation technologies form another
part of the organisation’s remit. Promoting a greater
utilisation of new energy and improving energy conser-
vation are important aspects of NEDO’S work.

Promoting the demonstration of new energy, energy
conservation, and environmental technologies abroad

based on knowledge obtained from domestic projects
are ways in which NEDO contributes to the resolution
of global environmental problems and a stable energy
supply. (1)

Contributing to society by accelerating
innovation
Hiroaki Ishizuka, Chairman of NEDO believes that they
are contributing to society by accelerating innovation
and achieving results in a timely manner. In a recent
message, he keenly observes that NEDO’s Technology
Strategy Center was established back in April 2014,
more of which he explains in his own words.

“Technology development strategies utilising Japan’s
competitive advantages will also be formulated by

anticipating innovation trends faster and more
accurately than in other countries. NEDO will then
plan and carry out industry-academia-government

collaborative projects.”

“It is designed to formulate technology development
strategies with a mid and long-term perspective, and
plan and propose new projects which incorporate its
strategies. In addition, a new project manager system
has also been introduced not only to improve manage-
ment capabilities but also to enhance NEDO’s role as
an intermediary to facilitate the commercialisation of
innovative technology seeds.”

He also highlights that NEDO’s Fourth Five-Year Plan
began in April 2018, which considers today’s trends in
the fields of industrial technology, innovation, energy,

The aims of the New Energy and Industrial Technology Development Organization are detailed
here when it comes to enhancing industrial technology and addressing energy and global

environmental problems in Japan
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and the environment. He explains how the Plan will be
carried out.

“NEDO will carry out the plan with a focus on its three
pillars of achieving results for practical use through
technology development management, fostering tech-
nology-based start-ups, and providing a new direction
for mid- and long-term technology development.

“First, as a specific effort to achieve results for practical
use through technology development management,
NEDO is striving to further strengthen its management
capability to promote challenging research and devel-
opment activities based on technology strategies.

“Second, NEDO will develop and implement various
support measures to foster human resources and
technology-based start-ups, including assistance in for-
mulating project plans, thereby creating innovative
new industries.”

Hiroaki goes on to explain that with the ambition of
facilitating open innovation from R&D projects, NEDO
will set up a system that provides consistent support
from the seed phase right up to practical applications.
“NEDO’s aim is to serve as a public-private support hub
for venture businesses through cooperation and the
exchange of information with other public support
organisations”, he adds.

Third, Hiroaki reveals that a new direction will be taken

when it comes to mid- and long-term
technology development, something that
will lead to cultivation and the practical
use of innovation in the years ahead. He
develops this third point in his own
words.

“Technology development strategies util-
ising Japan’s competitive advantages will
also be formulated by anticipating inno-
vation trends faster and more accurately
than in other countries. NEDO will then
plan and carry out industry-academia-
government collaborative projects.”

Having looked at what NEDO aims to do
now and in the future, we leave the last
words to Hiroaki who believes that 

technological innovation currently being developed
during the Fourth Industrial Revolution will help to
establish new energy and industrial systems. Let’s not
forget that NEDO will continue to play a crucial part in
Japan’s industrial and economic and policies, with its
two-fold mission of enhancing industrial technology
and addressing energy and global environmental 
problems.

“Society 5.0 (3) is also expected to be realised. To this
end, NEDO will continue to make every effort in accor-
dance with its Five-Year Plan so as to contribute to soci-
ety by providing opportunities to produce innovation
through industry-academia-government collaboration
and achieving results in a timely manner.” ■
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2 https://www.nedo.go.jp/content/100884469.pdf
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In this interview with Yuzuru
Miyazaki, Full Professor at the
Department of Applied Physics,

Graduate School of Engineering, at
Tohoku University in Japan, we learn
about exploring novel energy-harvest-
ing materials, such as thermoelectric
materials, cathode materials for 
secondary batteries and photovoltaic
materials, amongst a number of other
exciting areas of research in the field.

The focus of this compelling interview
includes Yuzuru Miyazaki’s research,
his work on high-quality structure
analyses using neutron and X-ray
diffraction, and the challenges around
thin-film thermionic multilayers and
organic thermoelectric materials,
amongst other areas.

Can you introduce your work
when it comes to exploring
novel energy-harvesting
materials, such as
thermoelectric materials,
cathode materials for
secondary batteries and
photovoltaic materials?
I studied basic materials science
during my bachelor course. Just
before my graduation, a scientific
fever of cuprate superconductors
occurred. I was, therefore, deeply
motivated by this positive impact and
began to study pursue novel cuprates
during my Master and PhD courses at
Tohoku University. Fortunately, I was
able to find several cuprates which

possess interesting structural units.
Some of them actually exhibited
superconductivity. From this success-
ful experience, I decided to explore
novel functional materials which
exhibit special properties, in particu-
lar, generating electricity based on a
knowledge of solid state chemistry. At
that time, the 21st Century was
approaching and the energy crisis was
one of the critical issues in academic
research.  

Thermoelectric (TE) materials can gen-
erate electricity from the temperature
difference by means of the Seebeck
effect. TE materials themselves do not
generate noises or vibrations and do
not emit toxic gases and, therefore,
they can be regarded as clean energy
sources. However, apart from bismuth
telluride-based and lead telluride-
based materials, both comprise quite
rare and toxic elements, indeed, there
are quite a few compounds that can
be used as potential TE materials util-
ising the waste heat of our surround-
ings. In our research, we focused on
oxide materials as they are stable at
high temperatures and the con-
stituents are abundant. 

My experience on oxides (cuprates)
was also quite helpful when it came to
studying oxide TE materials. We dis-
covered several cobalt oxide-based TE
materials, which are quite stable even
at a high temperature up to 1000 K.
The crystal structure of them is quite

similar to that used as a cathode of
the lithium-ion battery. So, we have
also begun to explore cathode mate-
rials for secondary batteries in layered
cobalt oxides that do not contain
lithium. We are also studying photo-
voltaic materials in relation to layered
oxide materials.  

What is the current focus 
or themes around your
research?
Our main focus when it comes to our
research is the waste heat recovery
from automobile engines. Currently,
the waste heat of around 46 peta calo-
ries is emitted annually from automo-
biles in Japan. The temperature range
here is 600-1000 K. If we can recover
electricity from such waste heat by
the efficiency of ~10%, a number of
large thermal power plants can be
scrapped and CO2 emissions can,
therefore, be greatly reduced.  

Higher manganese silicide, HMS
(MnSi~1.7) is one of the potential TE
materials, to be used at around 800 K.
HMS consists of naturally abundant
elements and is chemically stable up
to 1000 K. Typical samples exhibit the
dimensionless figure-of-merit, zT~ 0.3
around 800 K, which needs much
improvement. As the zT value roughly
corresponds to the thermal-to-electric
conversion efficiency, zT~ 0.6 at 800 K
is at the very least, necessary. To prac-
tically generate electricity, tens or
hundreds of p- and n-type TE materi-

Yuzuru Miyazaki, Full Professor at the Department of Applied Physics, Graduate School of
Engineering, at Tohoku University in Japan enlightens us on his fascinating research on
exploring novel energy-harvesting materials in this special question and answer interview

Research focus: Exploring novel
energy-harvesting materials
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als (legs) should be joined electrically
in series and thermally, in parallel. We
call such a device a pi-type TE module.
Electrons (holes) are major conduct-
ing carriers for n- (p-) type TE materi-
als. As the HMS is a p-type material, a
corresponding potential n-type TE
material is necessary. The first choice
should be another silicide, Mg2Si-based
material. Currently, we are financially
supported by the NEDO/TherMAT pro-
ject, Japan.

Tell us about your work when
it comes to high-quality
structure analyses using
neutron and X-ray diffraction,
combined with first-
principles calculations?
Generally, the functions of materials
are highly dependent on their elec-
tronic structure. The electronic struc-
ture is derived from the crystal
structure of materials. Hence, a deep
knowledge of the precise arrange-
ment of atoms is critical to under-
stand their properties. Such an
arrangement can be determined from
diffraction experiments of X-ray, 
neutron and/or synchrotron X-rays.
We generally use the first-principles
calculation to elucidate electronic
structures and, hence, the precise
arrangement of atoms in a material is
crucial to predict its properties. Unfor-
tunately, many researchers today do
not care about having a deep under-
standing of the crystal structures. 

How many novel materials
have been discovered based
on your guiding principles?
It depends on how we define the dif-
ference. If we define the difference as
the distinctly different crystal struc-
tures, the number should be around
20. Some examples are strontium
cuprate oxycarbonate Sr2CuO2CO3

and its relatives Sr2(Y,Ca)Cu2Ox(CO3)
and Sr2(Y,Ce)2Cu2Ox(CO3), and so on.
The latter two cuprates are based on
Sr2CuO2CO3 but another structural
unit of either (Y,Ca)Cu or (Y,Ce)2Cu is
inserted. If we expand the definition
to include the same crystal structure
but different components, the number
could be more than 40. They are like
P2-type CaxCoO2, SrxCoO2 and BaxCoO2,
all derived from the solid-state ion-
exchange from the layered cobaltate
NaxCoO2.  

What challenges are there
concerning challenges on
thin-film thermionic
multilayers and organic
thermoelectric materials?
We have quit these studies but
instead, we have started to fabricate
new types of TE modules, tilted-multi-
layer TE modules, which can exclude
the problem of electrodes. The elec-
tric current flows parallel to the tem-
perature gradient in conventional
pi-type TE modules and, hence, elec-
trodes are necessary in between every
p- and n-legs. 

However, the new type TE module
utilises the off-diagonal Seebeck
effect, which generates electricity per-
pendicular to the temperature gradi-
ent. In such a module, multilayers of
TE materials and metals are simply
tilted to an angle of 30-50 degrees to
the temperature gradient and elec-
trodes are only necessary at the
uppermost and the opposite sides of
the multilayer. Currently, we are finan-
cially supported by The Japan Society
for the Promotion of Science ( JSPS)
project in our country.

What are your research
priorities for the future?
We should expand other fields of

energy-relating materials. One possi-
bility could be to explore potential
cathode materials for calcium-ion 
batteries to make use of our accumu-
lated experience. We have discovered
several unopened layered materials
suitable for the diffusion of calcium-
ions and hope that they will exhibit
superb electrochemical performance.      

Is there anything you would
like to add?
In five years’ time, our university will
construct an ultimate synchrotron
radiation facility, named SLiT-J. This
facility will herald a new era when it
comes to investigating the static and
dynamic crystal structures of matter
with a high degree of accuracy. We
are, therefore, very keen to commit to
SLiT-J, so that we can bring much
insight when it comes to producing
superb energy harnessing materials.

Yuzuru Miyazaki
Full Professor
Department of Applied Physics, Graduate
School of Engineering, Tohoku University 
Tel: +81 22 795 7970
miya@crystal.apph.tohoku.ac.jp
http://www.apph.tohoku.ac.jp/ymiyazaki-
lab/member/member_e.htm

Miyazak
Laboratory

59

PROFILE



60

INDEX

C
Climate Science Research Laboratory . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 42-43

D
Department of Applied Physics. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 58-59
Department of Chemistry . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 26-27
Department of Electrical Engineering. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 36-38
Department of Electronics Engineering . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 34-35
Department of Power Mechanical Engineering . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 32-33
Division of Anti-aging Medicine. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 16-17
Division of Molecular and Cellular Biology . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8-9

F
Faculty of Pharmaceutical Sciences . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 20-21
Fujitsu PFU (EMEA) Limited. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . IFC

G
Global Aqua Survey Ltd . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 52-55

H
High Energy Accelerator Research Organization (KEK) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 28-29

J
Jockey Club Centre for osteoporosis care and control. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 14-15

N
National Center for Research on Earthquake Engineering . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 46-47



www.openaccessgovernment.org acts as a 
platform for discussion and debate providing
news and topical features with cutting edge 
policy analysis.

We welcome contact from all experts with an 
interest in making an editorial contribution, 
and from those with an opinion to express.

CONTACT
editorial@openaccessgovernment.org

NEWS, VIEWS
AND OPINION

www.openaccessgovernment.org GOVERNMENT
OPEN ACCESS



Our ebooks can be used by you to target
a specialised readership with informative
content. They can be 8, 12 or even 16
pages promoting your profession and
services. 

Our production, editorial and design
teams will work with you to identify and
develop your message before delivering it

electronically to a targeted audience
using the latest digital publishing
technology for ease of reading.

We have access to an extensive database
of contacts within specialised areas, so
you can be confident that your message
will be delivered to the right people at
the right time.

TAILOR-MADE
PROMOTION

Get in touch today to plan your communication strategy.

Tel: 0843 504 4560

www.openaccessgovernment.org GOVERNMENT
OPEN ACCESS

As part of our package of information services, Open Access Government
are proud to present the option of a bespoke publication. 


	AA1 001
	AA1 002
	AA1 003
	AA1 004
	AA1 005
	AA1 006
	AA1 007
	AA1 008
	AA1 009
	AA1 010
	AA1 011
	AA1 012
	AA1 013
	AA1 014
	AA1 015
	AA1 016
	AA1 017
	AA1 018
	AA1 019
	AA1 020
	AA1 021
	AA1 022
	AA1 023
	AA1 024
	AA1 025
	AA1 026
	AA1 027
	AA1 028
	AA1 029
	AA1 030
	AA1 031
	AA1 032
	AA1 033
	AA1 034
	AA1 035
	AA1 036
	AA1 037
	AA1 038
	AA1 039
	AA1 040
	AA1 041
	AA1 042
	AA1 043
	AA1 044
	AA1 045
	AA1 046
	AA1 047
	AA1 048
	AA1 049
	AA1 050
	AA1 051
	AA1 052
	AA1 053
	AA1 054
	AA1 055
	AA1 056
	AA1 057
	AA1 058
	AA1 059
	AA1 060
	AA1 061
	AA1 062

