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Foreword

limate-induced disasters are a growing threat to the infrastructure development and resilience

in the Asia-Pacific region. They significantly impact the planning, maintenance and operation of
infrastructure facilities and systems. Climate change impacts such as increasing temperatures, shifting
patterns of rainfall, and rising sea levels have also highlighted the vulnerability of infrastructure resulting
in disruptions and substantial losses. While countries are exploring ways to scale up their efforts under
the Paris Agreement, it is imperative to explore technologies that can help communities to adapt to
climate change by reducing risks to lives and livelihoods.

In recent years, innovative and emerging technologies are offering many applications and solutions to
enhance climate resilience and adaptability of infrastructure. Examples include early warning systems,
predictive modelling, and high-performance concrete and self-healing materials. With adequate funding
and investment, these technologies could help in planning, designing, building and operating resilient
infrastructures. Experience shows that with increased resilience, infrastructure projects can withstand
and adapt to climate-related challenges, minimizing significant disruptions and economic losses,
ensuring their long-term viability. According to Lifelines, a report from The World Bank, investing $1
trillion in the incremental cost of making infrastructure more resilient in developing countries would
generate $4.2 trillion in benefits.

This special issue of Asia-Pacific Tech Monitor focusses on “Technologies for climate resilient
infrastructure: opportunities and challenges for Asia and the Pacific”. The featured articles present
insightful discussions on climate-smart technologies, adaptation and resilience plans, transport and
building codes and standards, green business models, and resilience of smart cities. The articles
highlight examples and case studies on climate-resilient energy infrastructure in Australia, climate-
resilient cities and stormwater modelling in Japan, urban water management in China, and a Composite
Adaptability Index framework for assessing urban transportation resilience to flooding in India.

We hope that this Tech Monitor issue will support policymakers, technical experts and practitioners
in planning and designing appropriate technology interventions to strengthen climate-resilience of
infrastructure facilities and systems in the Asia-Pacific region.

We also take this opportunity to wish all our readers a very Happy New Year 2025. We look forward to
strengthening our association and assure you of our commitment to bring updated information and
trends as well as relevant featured articles on technology cooperation and transfer in the region.

Preeti Soni
Head, APCTT
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Government officials and industry ex-
perts say China’s top private enterpris-
es are ramping up their research and
development expenditures, reflecting
a shift toward innovation to become
more competitive on the global stage.

As per a report released by the All-Chi-
na Federation of Industry and Com-
merce on Monday, total 2023 R&D
expenditures for the top 1,000 private
firms reached 1.39 trillion yuan ($197.5
billion), up 4.78 percent year-on-year.
They accounted for 41.88 percent of
the nation’s overall R&D spending.

The manufacturing sector emerged
as a major contributor, with total R&D
expenditures surpassing 1 trillion yuan
last year. The highest R&D investments
were observed in the computer and
electronics sector, which invested
318.47 billion yuan with an impressive
average R&D intensity of 8.34 percent.
It was closely followed by the internet
and related services sector at 245.07
billion yuan and the automotive indus-
try at 142.56 billion yuan.

Notably, China's R&D efforts are in-
creasingly narrowing the gap with oth-
er leading economies. Some 217 of the
global top 1,000 R&D-invested firms are
from China, with total R&D investments
amounting to 1.27 trillion yuan. The
year-on-year growth rate of R&D expen-
ditures for these top 1,000 private en-
terprises last year was 12.78 percent,
surpassing the growth of 6.54 percent
for the global top 1,000 and 7.68 per-
cent for the European Union. The aver-
age R&D intensity for the top 1,000 pri-
vate enterprises was 3.58 percent, 0.31
percentage points higher than that of
the top 1,000 firms in the EU.

China will scale up R&D expenditures by
more than 7 percent annually during the
14th Five-Year Plan (2021-25) period.

Consultancy McKinsey & Co said in are-
port that such a growth target will make
China the world’s largest R&D spender.

https.//www.chinadaily.com.cn

More than 629,000 companies across
China have benefited from a total of
3.45 trillion yuan ($489 billion) in R&D
expense tax deductions last year, said
the country’s top tax authority in a re-
cent press conference. Huang Yun,
spokesperson of the State Taxation Ad-
ministration, said that last year, around
405,000 high-tech companies enjoyed
R&D tax deductions totalling 2.83
trillion yuan, marking a 15.1 percent
year-on-year increase. “On average, the
deduction amount per high-tech enter-
prise was 2.5 times that of non-high-
tech companies,” he emphasized.

The R&D tax deduction is a preferential
tax policy that allows companies to
save more by way of a certain percent-
age of their R&D expenditure. Huang
said that such a policy also effectively
supported private enterprises in their
innovation endeavors. Last year, pri-
vate companies benefited from a total
of 2.59 trillion yuan from deductions,
up 12.5 percent year-on-year. It also
accounted for 75 percent of all enter-
prise tax deductions during the peri-
od, he said.

According to Huang Yun, the spokes-
person and director of the General
Office of the State Taxation Adminis-
tration, data from the 2023 annual cor-
porate income tax settlement, which
concluded in the first half of this year,
revealed that approximately 629,000
enterprises across China benefited
from R&D expense deductions total-
ling 3.45 trillion yuan. This policy has
injected significant momentum into
accelerating the development of new
productivity.

On one hand, the policy strongly sup-
ported the innovation and develop-
ment of high-tech enterprises. In 2023,
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around 405,000 high-tech companies
enjoyed R&D tax deductions amount-
ing to 2.83 trillion yuan, marking a
15.1 percent year-on-year increase.
On average, the deduction amount per
high-tech enterprise was 2.5 times that
of non-high-tech companies. On the
other hand, the policy also effectively
supported private enterprises in their
innovation endeavors, with private
companies benefiting from deductions
totalling 2.59 trillion yuan in 2023, a
12.5 percent increase year-on-year,
accounting for 75 percent of all enter-
prise deductions.

“Moving forward, the tax authorities
will fully implement the guiding princi-
ples of the 20th Central Committee’s
Third Plenum, further enhancing R&D
expense deductions and other policies
that support technological innovation,
to fully support the innovative develop-
ment of various enterprises and better
cultivate and expand new productivity,’
Huang Yun emphasized.

https://www.chinadaily.com.cn

The added value of China’s patent-in-
tensive industries in 2022 reached
15.32 trillion yuan (about 2.15 trillion
U.S. dollars), contributing 12.7 percent
to its GDP, according to a report re-
leased by the country’s top intellectual
property regulator.

The latest data shows that China’s
patent-intensive  industries  exhib-
it strong innovation capabilities and
development potential, supporting
the country's commitment to pursu-
ing new quality productive forces and
high-quality development, the China
Intellectual Property Administration
noted in a recent monitoring report.
The report highlights that from 2018 to
2022, the added value of China's pat-
ent-intensive industries saw an aver-
age annual growth rate of 9.36 percent,
surpassing the average annual GDP
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growth rate by 2.37 percentage points
during the same period.

The information and communications
technology (ICT) service and ICT manu-
facturing, as representatives of emerging
industries, achieved double-digit growth
in added value with annual growth rates
of 14.86 percent and 10.23 percent, re-
spectively. Other patent-intensive indus-
tries include the manufacturing of new
equipment and materials, medicine and
the medical industry, as well as the envi-
ronmental protection industry.

High investment in research and devel-
opment is an important factor driving
growth. According to the report, the
internal R&D expenditure for patent-in-
tensive industries in China reached
1.14 trillion yuan in 2022, marking an
increase of 11.28 percent compared
to the previous year and totaling 2.23
times that of non-patent-intensive in-
dustries. In 2022, more than 49 million
people were employed in China’s pat-
ent-intensive industries, accounting for
approximately 6.7 percent of overall
employment within the entire society.

However, the report noted a gap be-
tween China and Western patent-lead-
ing countries. It cited the latest report
from the United States and Europe, re-
vealing that patent-intensive industries
contributed 24 percent to the U.S. GDP,
with employment accounting for 13
percent. Additionally, the EU’s figures
that year stood at 17.4 percent and 11
percent, respectively, “significantly sur-
passing China’s levels.”

The patent-intensive industries in
China still have immense growth po-
tential, and greater efforts should be
made to support the development of
these industries, the report said. Chi-
na has set a target for patent-intensive
industries to contribute 13 percent of
GDP by 2025.

http://www.china.org.cn

The enterprise information and Com-
munication Technology (ICT) market in
India is set to increase at a sound com-
pound annual growth rate (CAGR) of
17.1 percent, increasing from $161.3
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billion in 2023 to $354.6 billion in 2028,
a report showed. The revenue oppor-
tunity is driven by the ongoing digital
transformation initiatives taken up
by businesses and government, fore-
casts GlobalData, a leading data and
analytics company. This is in line with
the positive ICT investment sentiment
seen among the enterprises in the
country. Among the three IT infrastruc-
ture segments — hardware, software,
and services — the latter will see the
highest cumulative revenue increase
over the forecast period.

Revenue growth in the IT services
segment will primarily come from the
high enterprise adoption of cloud com-
puting services, which is set to see its
revenue grow at a CAGR of 25.3 cent
percent over the forecast period, the
report noted.

The BFSI sector to be the largest end-
use vertical segment for the ICT mar-
ket in India, in terms of revenue con-
tribution, and will remain so over the
forecast period. The segment is set to
account for an 11.3 percent share of
the total cumulative revenue forecast-
ed for 2023-2028.

A recent GlobalData survey revealed
that a majority 87.9 percent of respon-
dents, who are key ICT decision mak-
ers in their respective enterprises, have
confirmed that there has been an in-
crease in their enterprise ICT budgets
in 2024 as compared to the previous
year. India’s ICT market is expected
to grow steadily in the coming years,
supported by government policies like
tax incentives and digital infrastructure
improvements, which aim to enhance
SME competitiveness, the report noted.

https://www.smetimes.in

The Indonesia Institute for Essen-
tial Services Reform (IESR) recently
released its “2025 Indonesia Solar
Outlook” report, revealing that as of
August, the country’s installed photo-
voltaic capacity reached 717.71 MW.
IESR Executive Director Fabby Tumiwa
emphasized that following a downturn
in the solar industry over the past two
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years, Indonesia needs to “catch up”
with global solar trends. He further
stated that this trend is reversing, and
the future of Indonesia’s photovoltaic
industry looks promising. According to
IESR, Indonesia’s state electricity com-
pany, PLN, plans to increase renewable
energy generation by adding 7.9 GW
of solar capacity by 2033. Additional-
ly, policy changes from the Ministry
of Energy and Mineral Resources are
expected to add over 5 GW of rooftop
solar capacity within five years.

The report indicates that as of August
2024, there are 16.92 GW of announced
solar projects in preparation nation-
wide, with an anticipated addition of
350 GW to 550 GW of solar capacity by
2050. It also noted that Indonesia’s so-
lar-related investments nearly doubled,
increasing from $68 million in 2021 to
approximately $135 million in 2023. By
August 2024, announced solar invest-
ments reached around $112 million.

Tumiwa urged the Indonesian govern-
ment to set more ambitious solar de-
ployment targets, explaining that the
current plans’ capacity is insufficient to
meet the goals of the Paris Agreement.
IESR asserts that to achieve these
goals, Indonesia needs to add 77 GW
of solar generation before 2030, equiv-
alent to an annual increase of 9 GW to
15 GW in photovoltaic capacity.

Tumiwa stated, “The photovoltaic
industry indeed faces several inter-
mittent challenges, but limiting devel-
opment because of these issues is un-
reasonable. Many countries have solar
penetration rates exceeding 10% of
total generation capacity without fac-
ing power supply issues or blackouts.
Intermittency can be addressed by in-
tegrating energy storage systems into
the grid.”

https://www.solarbeglobal.com

Malaysia plans to create a national
cloud policy and introduce regulations
to encourage the ethical use of artifi-
cial intelligence (Al), Prime Minister An-
war |brahim said. The announcement
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comes amid a wave of investments by
global tech firms in Malaysia over the
past year, as they seek to build critical
infrastructure to cater to growing de-
mand for their cloud and Al services.

Anwar said Malaysia’s national cloud
policy will focus on four core areas,
namely public service innovation and
efficiency, economic competitiveness,
and growth, strengthening user trust
and data security, and empowering
citizens through digital inclusivity. The
government would also set up a nation-
al Al office to coordinate initiatives, in-
cluding completing a five-year technol-
ogy action plan as well as a regulatory
framework to increase the adoption of
ethical and sustainable Al within the
next 12 months, he said.

“We aim to position Malaysia as a hub
for generative artificial intelligence and
investments from tech partners will be
critical in building a robust and secure
digital infrastructure,” Anwar said at a
ground-breaking ceremony for Goo-
gle’s (GOOGL.O), opens new tab new
$2 billion data centre and cloud region
in the country.

Google, which announced a multi-year
partnership with a local tech firm to
provide sovereign cloud services, said
its investments in Malaysia would cre-
ate 26,500 jobs and contribute more
than $3 billion to its economy by 2030.

Digital investments have helped pro-
pel Malaysia’s economy this year, with
growth beating market expectations
in the last two quarters and the ring-
git currency becoming one of Asia’s
top performers. Google’s moves are
a part of a wider expansion by global
tech companies into Southeast Asia,
as they vie for a greater presence in a
region with a young tech-savvy popula-
tion of 670 million.

https://www.reuters.com

The Intellectual Property Office of the
Philippines (IPOPHL) has launched its
Intellectual Property Regional Devel-
opment Plan (IPRDP) for the Cagayan

Valley, a strategic initiative aimed at
positioning the region as a pivotal East
Asian gateway for investment. This am-
bitious plan has garnered support from
stakeholders, including various region-
al government agencies, the private
sector, and educational institutions.

From the regional government, the new
partners to the IPRDP include the Com-
mission of Higher Education (CHED),
Department of Agriculture (DA),
Department of Education (DepEd),
Department of the Interior and Local
Government (DILG), Department of Sci-
ence and Technology (DOST), Depart-
ment of Trade and Industry (DTI) and
the National Economic and Develop-
ment Authority (Neda).

From the private sector, the Philippine
Chamber of Commerce and Industry
(PCCI) from the region joined hands to
support the IPRDP. From academe, the
Batanes State College (BSC), Cagayan
State University (CSU), Isabela State
University (ISU), Nueva Vizcaya State
University (NVSU) and Quirino State
University (QSU) joined.

On October 9, these partners formal-
ized their commitment by signing
a memorandum of understanding
(MOU), which outlines their shared
vision to create and implement a co-
hesive framework to safeguard and
commercialize intellectual property in
the region. Located in the northeastern
part of mainland Luzon, Cagayan Val-
ley stands as the second-largest region
in the country. In 2023, the Cagayan
Valley’s economy grew by 6.2 percent
to P447.07 billion, making it the sev-
enth fastest-growing economy out of
17 regions in the country.

https://businessmirror.com.ph

The Philippines is making significant
strides in the digital payment landscape
across Southeast Asia as the use of
buy now pay later (BNPL) and point-
of-sale (POS) among Filipinos showed
significant growth, as of July this year,
according to financial technology firm
UnaCash. Based on the latest report
from UnaCash, BNPL adoption in the
Philippines has grown over the past
few years as the share of users rose
to 24.7 percent as of July, expanding
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by 9.6 times since 2018. This placed
the Philippines among the top three
countries in Southeast Asia in terms
of BNPL adoption. The stable share of
users also reflected a strong consumer
shift toward flexible payment solutions.
UnaCash also recorded a monthly in-
crease of 3.3 percent for BNPL users
aged fifteen and above, from Septem-
ber 2018 until July 2024. Erwin Ocam-
po, head of product for UnaCash, said
there is a growing appetite for BNPL
services in the Philippines, driven by in-
creased e-commerce and a rising pref-
erence for convenient financial options.

Singapore led the region with BNPL
users at 75.4 percent as its user base
rose by 7.1 times as of July, with a mod-
est average monthly growth rate of 2.8
percent since 2018. Vietnam also saw
a penetration rate of 24.9 percent, with
a 2.8 percent monthly increase. Other
Southeast Asian markets such as Ma-
laysia (10.2 percent), Thailand (six per-
cent), Brunei (4.2 percent), and Cambo-
dia (3.6 percent) had a lower share of
BNPL users.

Meanwhile, the Philippines recorded a
33.1 percent share of POS users among
adults aged 15 and older as of July.
This marks a significant increase from
just 3.2 percent in September 2018.

“POS adoption reflects the country’s
increasing digitalization and the wide-
spread use of mobile payment solu-
tions. The development of self-service
kiosks and enhanced e-commerce plat-
forms have further contributed to this
significant rise,” Ocampo said. A POS
is a location or system where a retail
transaction occurs. It typically involves
the place where a customer makes a
payment for goods or services, such as
a cash register or a digital system that
processes card and mobile payments.

While the Philippines has made impres-
sive gains, Indonesia continues to lead
the region with a 67.5 percent share of
POS users, driven by the widespread
adoption of cloud technologies, thriv-
ing e-commerce, and successful inte-
gration of digital payments. In contrast,
neighboring Southeast Asian countries
are still in the earlier stages of POS
market development. Vietnam reports
a modest 4.5 percent share of POS us-
ers, while Malaysia and Singapore lag
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further behind with 2.8 percent and 1.6
percent, respectively

https://www.philstar.com

The Philippines’ Department of Energy
(DOE) has introduced new monitoring
protocols and guidelines aimed at ac-
celerating the development of renew-
able energy projects. These updates
will streamline administrative process-
es, reduce delays, and enhance ac-
countability amongst developers.

In June, the DOE released revised
omnibus guidelines for awarding and
managing renewable energy contracts.
These help identify non-serious devel-
opers, allowing legitimate developers
to advance projects more effectively.
Currently, 105 renewable energy proj-
ects are facing termination due to
non-compliance with timelines, with
most contracts awarded in 2017 and
2019. The primary causes for delays
include issues with securing posses-
sory rights and challenges with system
impact studies (SIS). Of the stalled
projects, 88 are significantly delayed,
comprising 53 solar, 17 hydropow-
er, 10 wind, 5 geothermal, and 3 bio-
mass projects.

To combat delays, the department is
implementing a contract termination
process. Developers of solar energy
contracts must complete the pre-devel-
opment phase within two years. Failure
to submit a declaration of completion
or demonstrate reasonable efforts will
result in a show-cause order, with po-
tential termination recommendations
to the Secretary of Energy if reasons
for delays are deemed insufficient.

The revised guidelines also require de-
velopers to obtain a certificate of au-
thority (COA) before signing contracts.
This COA allows developers to secure
permits and conduct essential surveys
ahead of the official project start, en-
hancing preparedness and efficiency.
Additionally, the guidelines simplify the
process for obtaining incentives. De-
velopers can now receive a certificate
of registration (COR) after confirming
project viability, and for biomass and
solar projects, the COR can be obtained
upon financing closure. The DOE is also

8 |

enhancing its Energy Virtual One-Stop
Shop (EVOSS) System to streamline
permitting processes, aiming to reduce
bureaucratic hurdles.

https://www.msn.com

The Republic of Korea will expand its
private-led cloud computing industry
to strengthen its competitiveness in
the global artificial intelligence (Al) era,
the science ministry said. The Ministry
of Science and ICT announced the vi-
sion to boost local cloud companies
by forming strategic partnerships with
global entities, aiming to double the
domestic cloud market’'s size to 10
trillion won (US$7.3 billion) by 2027
from 2022.

The Republic of Korea's cloud technol-
ogy is more than a year behind global
leaders, and Al cloud infrastructure
remains underdeveloped, according
to the ministry. To better foster the
industry, the government plans to de-
vise measures to adopt private cloud
systems across education, finance, de-
fense, and other public sectors, includ-
ing easing network separation regula-
tions and expanding tax benefits for Al
and cloud companies. It will also work
to develop a homegrown Al chip to be
used for data centers and establish a
national Al computing center with a
capacity of more than 1 Exaflop, which
means having a supercomputer that
can calculate at least one quintillion
floating point operations per second.

An Al innovation fund will also be creat-
ed to support the transition to a private
cloud ecosystem, with the government
investing 45 billion won next year while
inducing further investment from the
private sector. Meanwhile, the country
also plans to open an Al safety research
institute under the Electronics and
Telecommunications Research Insti-
tute to support the “safe” development
and application of Al technologies and
the global expansion of local Al com-
panies, according to the ministry.

The envisioned launch of the institute
comes as a follow-up measure to the
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global Al safety summit held in Seoul
earlier this year, where leaders of ma-
jor countries, including South Korea,
Britain, and the United States, adopted
a joint declaration on promoting safe,
innovative and inclusive Al.

https://www.msn.com

The Republic of Korean government
will inject 8.8 trillion won ($6.45 bil-
lion) next year to advance the country’s
semiconductor ecosystem through
low-interest loans while accelerating
infrastructure construction and nur-
turing talent. Finance Minister Choi
Sang-mok announced a slew of plans
for comprehensive support for the chip
industry while presiding over a minis-
terial meeting Wednesday, with firms
in the sector clamoring for more con-
crete measures to catch up to global
rivals. “We will provide solid support to
secure global leadership, including pro-
viding 8.8 trillion won in support to the
semiconductor industry by next year,
Choi said.

This is a detailed follow-up to the 26
trillion won package to support the
chip industry unveiled by President
Yoon Suk Yeol in May, which was main-
ly designed to provide cheaper borrow-
ing costs with more generous terms
than market loans.

According to an announcement, the
government will complete the offering
of low-interest loans with a total value
of 4.7 trillion won next year. In detail,
the plan is to invest 250 billion won of
capital in the state-run Korea Develop-
ment Bank next year to secure low-in-
terest loans of 4.25 trillion won. Since
the launch of the loan program on July
1, a total of 824.8 billion won in facil-
ity investment funds has been loaned
to 17 semiconductor companies, ac-
cording to the Finance Ministry. Inter-
est rates on borrowings will be further
trimmed. The KDB has been providing
rates 1.4 percentage points lower than
its typical loan products.

Ministers decided to create a new semi-
conductor ecosystem fund of up to 800
billion won by 2027 and consider further
expansion depending on future corpo-
rate demand. The government plans to
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raise 420 billion won by creating a new
fund of 120 billion won through an in-
vestment of 30 billion won next year.

The first company to benefit from the
fund was CoAsia SEMI, a foundry de-
sign service provider that secured 20
billion won in investment to recruit
more workers and expand overseas
sales. Efforts to offer tax breaks to
chipmakers and other firms in the sec-
tor will be continued.

In the 2024 tax revision bill drawn up
by the government in July, it was pro-
posed to extend the applicable period
for research and development tax cred-
its and integrated investment tax cred-
its for national strategic technologies,
including chipmaking, by 3 years until
the end of 2027.

The government will support the tax
code amendment bill to clear the last
parliamentary hurdle and revise the or-
dinance and rules in March next year,
including expanding the scope of ap-
plication of tax credits for national
strategic technologies and R&D. Some
2.4 trillion won will be allocated to
build the infrastructure needed for an
envisioned semiconductor cluster in
Yongin, Gyeonggi Province. Prepara-
tions for constructing a highway that
will pass through the Yongin Cluster,
which will be built on a site of 4.15
million square meters, are underway
to open the roads in 2030. Regarding
power supply, detailed measures for
power supply and cost-sharing will be
prepared within the year amid growing
concerns that Korean chipmakers face
power shortages.

In the Yongin semiconductor cluster,
16 semiconductor production facili-
ties, led by Samsung Electronics and
SK hynix, will be built by 2047. Although
a vast amount of electricity must be
provided, detailed measures for cluster
operation for mid-to long-term electric-
ity supply have not yet been prepared.

https://www.koreaherald.com

In recent years, the Republic of Korean
conglomerates have conducted several
noteworthy transactions in monetizing
their intellectual property (IP), includ-
ing patents, according to Burford Capi-

tal, a global legal finance firm based in
London. Their reasons may vary, it said,
from reducing the financial burden of
holding IP to gaining leverage in busi-
ness negotiations. But regardless of
the intention, monetizing patents has
helped them unlock financial liquidity.

The Korea Times exclusively secured a
report, on Wednesday, co-authored by
Katharine Wolanyk, managing director
at Burford Capital, and Chris Freeman,
director with responsibility for assess-
ing and underwriting legal risk at its
patent group. It is set to be published
in Burford Quarterly on Thursday (Ko-
rea time). The authors pointed out that
already in 2024, there have been size-
able patent transactions involving so-
phisticated IP owners, including SK hy-
nix. This year, the semiconductor giant
sold over 1,500 patents to an affiliate
of Korean patent aggregator Ideahub.

In November 2023, LG Electronics sold
48 standard essential patents related
to codec technology to Chinese smart-
phone maker Oppo. The company no
longer needed some of these patents
after exiting the smartphone market in
2021. “This sale is part of LG’s strategy
to profit from its extensive portfolio of
around 24,000 patents, particularly in
4G, 5G, and Wi-Fi technologies, as other
Chinese smartphone makers like Oppo
and Vivo have faced litigation over pat-
ent deficiencies,” the report wrote.

LG Energy Solutions, another LG Group
subsidiary, has announced that it “will
spearhead efforts to create a patent li-
censing pool for electric vehicle batter-
ies, an area where it has a world-lead-
ing patent portfolio.” Samsung has
also emerged as a key player in the
IP landscape, leveraging its extensive
patent portfolio for innovations in tele-
communications, consumer electron-
ics, and semiconductors.

“In 2023, Samsung entered multiple
licensing agreements that generated
immediate revenue and established
long-term partnerships with other
tech giants. These efforts highlight
Samsung's strategic focus on robust
IP management as a driver of profit-
ability and innovation,” the report said.
These moves suggest Korean compa-
nies’ growing recognition of patents
as valuable financial assets, though
the reasons behind monetization de-
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cisions vary by company, according to
the report.

One reason is that owning IP is costly
by itself. The R&D investment to devel-
op technologies can run into millions of
dollars or more, followed by significant
legal expenses to obtain and maintain
the related patent assets. Also, by affir-
matively recovering money from their
legal assets, companies can benefit
from new revenue sources to supple-
ment declining sales or shrinking profit
margins. This reason particularly ap-
plies to companies that are long-estab-
lished or operate in highly competitive
industries. In other cases, companies
like LG Electronics have exited a line of
business and no longer see the need to
retain IP that is no longer core to their
operations. IP can also be leveraged to
advance corporate objectives, such as
gaining an advantage in business ne-
gotiations.

“In an uncertain economy, companies
will need to be careful in their capital
management and innovative in their
pursuit of value. For many patent own-
ers, financed divestitures may be the
optimal solution. For little to no risk,
with minimal operational burden, com-
panies can reduce costs and generate
new revenues by leveraging their IP as-
sets,” it said.

https.//www.koreatimes.co.kr

The Ministry of Information and Com-
munications (MIC) announced the
strategy on October 23, outlining sev-
eral key objectives to develop the coun-
try’'s blockchain capabilities. It aims
to develop blockchain technology, es-
tablish relevant legal frameworks, and
promote innovation in what it calls “the
Fourth Industrial Revolution.”

The strategy outlines five key areas,
overseen by government agencies, in-
cluding the MIC and the Vietnam Block-
chain Association.

According to the official announcement,
the five proposed actions include:

“(1) Perfecting the legal environment;
(2) Developing infrastructure, forming
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a blockchain industrial ecosystem; (3)
Developing human resources for the
Blockchain field; (4) Promoting Block-
chain development and application; (5)
Promoting research, innovation, and
international cooperation.”

Developing Viet Nam'’s blockchain eco-
system is a central goal of the strate-
gy. The government plans to build 20
blockchain brands for platforms, prod-
ucts, and services. Additionally, the Na-
tional Blockchain Strategy aims to also
establish at least three testing centers
in major cities to create a national
blockchain network. These centers will
play a crucial role in developing and de-
ploying blockchain applications, ensur-
ing security, and promoting innovation
in the industry.

An important factor raised in the strat-
egy announcement is the legal recog-
nition of digital assets, as the country
aims to formalize regulation around
them: “The legalization of the defini-
tion of Digital Assets is one of the ac-
tions to realize the Vietnamese Govern-
ment's commitment to preventing and
combating money laundering, terrorist
financing, and financing of proliferation
of weapons of mass destruction.” By
aligning with international standards
and recognizing digital assets as pro-
tected under civil law, Viet Nam is set-
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ting ambitious targets to strengthen its
blockchain industry.

https.//www.msn.com

Viet Nam has issued a new decree that
allows excess rooftop solar power to
be sold at up to 20 cent percent of the
installed capacity to the state-owned
utility Vietnam Electricity (EVN). The
new rule is to promote the develop-
ment of self-produced and self-con-
sumed solar energy in the Southeast
Asian country, which aims to cover
half of government and residential
buildings with this renewable energy
source by 2030. However, despite Viet
Nam'’s rooftop solar energy potential of
963 gigawatts (GW), such installations
have barely increased since 2021 due
to the lack of government incentives
after the expiration of a feed-in tar-
iff scheme.

“The 20 percent offtake will shorten
the payback period for investors and
accelerate self-use rooftop solar power
installations at a moderate level while
avoiding policy abuse and overdevelop-
ment,” said Do Quang Thinh, chief exec-
utive of The Sunergy, a Viet Nam-based
energy consultancy.
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Under the latest mechanism, the elec-
tricity purchase price will be set at the
average market electricity price from
the preceding year, as announced by
the power system operator and the
electricity market. Self-use rooftop so-
lar power not connected to the national
grid or with a capacity of than 100 kilo-
watts (kW) can be developed without
limit and exempted from the need for
electricity operation licenses.

Meanwhile, self-use systems with an
installed capacity of 1,000 kW or more
and which sell surplus electricity to the
national power system must comply
with registration requirements and the
approved power planning, which stipu-
lates that the total capacity increase of
this source can be no more than 2,600
megawatts by 2030.

According to EVN, as at end-2023, over
103,000 rooftop solar projects with a
combined installed capacity of more
than 9.5 GW had entered power pur-
chase contracts with the state-owned
utility. Last year, the amount of this en-
ergy fed into the national grid — mainly
in southern and central regions of Viet
Nam - accounted for less than 4 cent
percent of the country’s total electrici-
ty output.

https.//www.businesstimes.com.sg
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Focus: Technologies for climate resilience

As a part of the CGIAR research initia-
tive on Asian Mega Delta, the Interna-
tional Rice Research Institute (IRRI), in
collaboration with the Center for Envi-
ronmental and Geographic Information
Services (CEGIS) officially launched the
Climate-Smart Mapping and Adapta-
tion Planning (CS-MAP). The initiative
was launched to enhance food security
and climate resilience by empowering
stakeholders with actionable insights
and location-specific solutions.

This innovative tool integrates scientif-
ic research and local expertise to map
climate risks, offering tailored adapta-
tion strategies for sustainable farm-
ing to address the growing challenges
climate change poses to agriculture
in Bangladesh’s coastal regions. Ban-
gladesh, the seventh most risk-prone
country for extreme climatic disasters
in the world, faces the growing chal-
lenges of climate change. The risks as-
sociated with climate change include
floods, droughts, salinity, rising sea lev-
els, extreme temperatures, erratic rain-
fall, and cyclones. These challenges
threaten agricultural production, food
security, and rural livelihoods.

With changing weather patterns,
field-level government officials must
implement appropriate agricultural
preparations and responsive actions.
CS MAP can help them make appropri-
ate and informed decisions. CS-MAP is
a participatory mapping approach that
has been implemented in 10 districts in
the coastal area of Bangladesh, reads
a press release.

Working with scientists and experts
from BWDB, BRRI, BARI, DAE, and
BADC, climate change-related risks in
agriculture were identified by assess-
ing the agricultural climate change
risks in each area, the extent of each

risk was determined, and these risks
were mapped into an atlas. During the
event launch, these atlases were for-
mally handed over to 10 deputy direc-
tors of the Department of Agricultural
Extension (DAE). The launch event
featured informative presentations on
the CS-MAP approach, potential appli-
cations, and a video demonstration.
Approximately 75 key government of-
ficials, researchers, and stakeholders
attended the initiative’s launch, gaining
valuable insights into the innovative
tools and strategies developed under
the CS-MAP initiative.

https://www.dhakatribune.com

City University of Hong Kong (CityU-
HK) researchers have made a scientific
breakthrough in developing next-gener-
ation passive radiative cooling technol-
ogy. Their pioneering work on cooling
ceramics, pavements, and textiles helps
mitigate heat impacts without addition-
al energy consumption. This innovation
has promising application potential in
buildings, roads, and clothing, address-
ing issues such as urban heat islands
and greenhouse gas emissions to com-
bat the challenges of climate change.

The team established the start-
up i2Cool in 2021 under the incubation
of CityUHK's HK Tech 300 programme
and developed a cooling paint for
roofs and walls. The recent approval
of funding from the Hong Kong gov-
ernment’s “Research, Academic and
Industry Sectors One-plus Scheme”
(RAISe+ Scheme) marks a significant
step forward in accelerating the com-
mercialisation and application of this
groundbreaking innovation. The CityU-
HK team plans to establish manufac-
turing facilities and production lines by
the end of 2026.

Space cooling energy consumption
has more than tripled since 1990, re-
sulting in a strain on electricity grids,
increased greenhouse gas emissions,
and the prevalence of urban heat is-
lands. Extreme heat events and re-
cord-high temperatures worldwide
have left many people around the world
vulnerable to heat stress, adversely
affecting thermal comfort, labour pro-
ductivity, and even human health.

To address these challenges, a re-
search team led by Professor Edwin
Tso Chi-yan, from CityUHK’s School
of Energy and Environment, has been
focusing on developing passive radi-
ative cooling (PRC) technology. “PRC
technology is a universal solution to
global warming, as it leverages high
solar reflectivity and high mid-infrared
emissivity to cool surfaces naturally by
reflecting incoming sunlight and emit-
ting thermal radiation to the cold uni-
verse, potentially reducing the surface
temperature by at least 2°C,” explained
Professor Tso. “This technology of-
fers an electricity- and refrigerant-free
cooling solution, mitigating the heat

impact without additional energy
consumption.”
https.//www.cityu.edu.hk

Researchers from IIT Guwahati, along
with [IT Mandi and the Institute of Sen-
sor and Actuator Systems at Techni-
cal University Wien have developed a
breakthrough technique for growing
ultra-wide bandgap semiconductors,
IIT Guwahati has said. Named galli-
um oxide, this semiconductor has the
potential to significantly improve the
efficiency of power electronics used in
high-power applications.

The main advantage of this new tech-
nology is that it can withstand extreme
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temperatures as high as 200 degrees
Celsius. This is ideal for high-power
electronics, which are used in a vari-
ety of areas such as electric vehicles,
high-voltage transmission, traction,
and industrial automation.

Power semiconductor devices are the
heart of every power electronic sys-
tem. They are responsible for switch-
ing on and off the main supply voltage,
and this can cause significant losses in
terms of efficiency. There is a consider-
able amount of research into improving
the efficiency of power electronic sys-
tems by using materials like Gallium
Nitride (GaN) and Silicon Carbide (SiC).
However, these materials have some
limitations, such as high cost.

The new research team has suc-
cessfully developed superior-quality
ultra-wide bandgap compound semi-
conductors by incorporating gallium
oxide with tin. This has improved the
conductivity and thermal performance
of the material, making it ideal for use
in high-power applications.

The findings of the study have been
published in multiple research papers
in the Journal of IEEE Transactions on
Electron Devices and Thin Solid Films.
The researchers hope that this break-
through technology will pave the way
for the development of more efficient
and sustainable power electronics that
can support a range of high-power ap-
plications.

https://www.msn.com

Researchers from Tokyo Metropolitan
University have made strides forward
in realizing the industrial conversion of
bicarbonate solution made from cap-
tured carbon to a formate solution, a
green fuel. Their new electrochemical
cell, with a porous membrane layer in
between the electrodes, overcomes
major issues suffered in reactive car-
bon capture (RCC) and achieves perfor-
mances rivaling energy-hungry gas-fed
methods. Processes like theirs directly
add value to waste streams and are key
to realizing net zero emissions.
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Carbon capture technology is a big
part of the global strategy to reduce
emissions and fight climate change.
But the important question of what
we do with the captured carbon diox-
ide remains an open challenge. Do we
simply push it underground, or is there
more to it? Scientists certainly think
so. Using state-of-the-art catalysts
and chemical processes, work is un-
derway to try and convert the captured
product into something more useful
for society.

One particularly enticing application is
the conversion of carbon dioxide into
an environmentally friendly fuel. Tech-
nology has been developed for using
electrochemical cells to reduce the car-
bon dioxide to a formate compound,
which itself can be used in formate fuel
cells to generate power. However, a sig-
nificant roadblock is the need for pure
carbon dioxide: pressurizing carbon
dioxide can be highly energy-intensive.
The gas is not converted very efficient-
ly, and the cells do not last very long.
Enter reactive carbon capture, where
carbon dioxide dissolved in alkaline
solutions, like bicarbonate solutions,
can be directly used to create formate
ions without the losses associated
with providing pure gas. The key chal-
lenge facing researchers here is the
design of a better electrochemical cell
that can selectively produce formate
ions from bicarbonate ions without los-
ing out to side reactions, like the pro-
duction of hydrogen.

Now, a team of researchers led by
Professor Fumiaki Amano from Tokyo
Metropolitan University has created a
new cell with excellent selectivity for
the conversion of bicarbonate ions
into formate ions. In the new cell, elec-
trodes made of catalytic material are
separated from a polymer electrolyte
membrane by a porous membrane
made of cellulose ester. Hydrogen
ions produced at one electrode pass
through the electrolyte membrane
and make it to the porous layer, where
they react with bicarbonate ions to
efficiently produce carbon dioxide in
the pores. The gas is then converted
to formate ions at the other electrode,
also in contact with the porous mem-
brane. When they put their cell to work,
they found that the faradaic efficiency
of their cell, the proportion of electrons
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converted to formate instead of other
compounds, was 85%, even with very
high currents. Not only does this out-
perform existing designs, but the cell
was found to operate smoothly for
over 30 hours and realize nearly com-
plete conversion of bicarbonate to for-
mate. Once the water has been driven
off, all that is left is solid, crystalline
formate fuel.

https.//www.eurekalert.org

According to a study published in APL
Photonics, scientists at the Max Planck
Institute for the Science of Light (MPL)
have developed an enhanced laser
technology designed to accurately de-
tect and monitor climate pollutants in
the atmosphere. A high-power ytterbi-
um thin-disk laser powers an optical
parametric oscillator (OPQ), which
generates steady, high-power pulses
in the short-wave infrared (SWIR) spec-
tral band. This enables researchers
to detect and analyze a wide range of
atmospheric compounds. This inno-
vative technology plays a crucial role
in tracking greenhouse gas cycles
and understanding the impacts of cli-
mate change.

Short-lived pollutants have a notable
impact on global warming. Methane,
for instance, is especially relevant to
the greenhouse effect, as its warming
potential is 25 times greater than that
of carbon dioxide. However, detect-
ing and monitoring these pollutants is
challenging for two main reasons.

Firstly, the absorption spectra of many
gases in the conventional infrared
wavelengths often used for detection
overlap and are interfered with by wa-
ter vapor. Secondly, because these pol-
lutants are volatile in the atmosphere,
they are difficult to trace. The new la-
ser technology overcomes these chal-
lenges by focusing on the SWIR band,
where pollutants like methane absorb
strongly, but water vapor has minimal
absorption.


https://www.smetimes.in
https://www.solarbeglobal.com
https://www.reuters.com/markets/companies/GOOGL.O
https://www.reuters.com/markets/companies/GOOGL.O
https://www.reuters.com/technology/google-invest-2-bln-data-centre-cloud-services-malaysia-2024-05-30/
https://www.reuters.com/technology/google-invest-2-bln-data-centre-cloud-services-malaysia-2024-05-30/
https://www.reuters.com/technology/artificial-intelligence/dnex-google-cloud-sign-multi-year-deal-provide-sovereign-cloud-services-malaysia-2024-09-30/
https://www.reuters.com/technology/artificial-intelligence/dnex-google-cloud-sign-multi-year-deal-provide-sovereign-cloud-services-malaysia-2024-09-30/

The ytterbium thin-disk laser, which
generates high-power, femtosecond
pulses at megahertz repetition rates,
is central to this breakthrough. This
enables the laser to pump an OPO,
which transforms pulses into the
SWIR region with exceptional intensity
and power. The OPO produces steady,
adjustable SWIR pulses that are ide-
al for high-sensitivity spectroscopic
applications while operating at twice
the repetition rate of the pump laser.
Furthermore, the team’s innovative
approach incorporates broadband,
high-frequency modulation of the OPO
output, enhancing the signal-to-noise
ratio and enabling even more precise
detection.

Field-resolved spectroscopy and fem-
tosecond fieldoscopy, techniques that
enable researchers to detect and study
a wide range of atmospheric com-
pounds with minimal interference, are
enhanced by the laser’s ability to pro-
duce high-power, steady pulses in the
SWIR band.

https://www.azooptics.com

Researchers at the Technical Univer-
sity of Munich (TUM) have developed
a groundbreaking method that signifi-
cantly extends the lifespan of zinc-ion
batteries, potentially enabling them
to endure several hundred thousand
charge cycles. This advancement,
achieved through a specialized protec-
tive layer for the zinc anodes, prevents
common issues such as zinc dendrite
formation, hydrogen generation, and
corrosion, which have previously lim-
ited battery durability. The protective
layer, a porous organic polymer called
TpBD-2F, forms a stable, ultra-thin film
on the anode, allowing efficient ion
flow while keeping water away from
the zinc surface.

Lead researcher Da Lei, suggests this
innovation positions zinc-ion batteries
as a viable, cost-effective, and sustain-
able alternative to lithium-ion batteries
for large-scale energy storage appli-
cations tied to renewable sources like
solar and wind power. Prof. Roland A.
Fischer emphasized the research’s sci-

entific impact, noting, “This chemical
approach has proven controllable and
effective. We believe it has immense
potential for scaling up beyond the lab.”

This development builds on interdis-
ciplinary work by TUM researchers in
chemistry, physics, nanotechnology,
and data science, supported by the
e-conversion Excellence Cluster. The
research, published in Advanced Ener-
gy Materials, opens new pathways for
engineers to advance production pro-
cesses for zinc-ion batteries.

https://news.europawire.eu

SINTEF researchers are applying meth-
odologies used to transport oil and gas
in their efforts to upscale a technology
for carbon capture and storage. This
is good news for the climate. It now
seems that crucial research, conduct-
ed by SINTEF and targeted at the oil
and gas sector, can also be applied in
the battle to mitigate climate change.

The simulation model called Leda-
Flow has made it possible for us to un-
derstand how we can transport both oil
and gas along the same pipeline. This
multiphase flow technology has helped
the Norwegian oil and gas sector save
billions, and the model is now about to
be further developed so that we can in-
vestigate how CO2 behaves in similar
pipelines.

Technologies involving the capture
and storage of CO2 (abbreviated to
CCS) are crucial to the reduction of
greenhouse gas emissions to the at-
mosphere. In the future, we must learn
how to handle and store large volumes
of CO2. We must therefore also find
out the best ways of transporting the
gas and injecting it into huge subsur-
face reservoirs.

Here in Norway, a great deal of effort
is being put into the industrial-scale
application of CCS technologies in
the oil and gas sector. Among other
initiatives, leading sector companies
have been utilising the Northern Lights
project with the aim of sequestering up
to 1.5 million tonnes of CO2 in subsea
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reservoirs during 2024 and a total of
five million tonnes by 2026.

At present, there are only very few
CO2 storage projects in operation in
Norway, and all are based on the in-
jection of gas derived from a single
source and using a single well. The
Northern Lights project is aiming to
store CO2 at a much larger scale, in-
volving more complex operations
by which gas from multiple sources
will be transported and injected us-
ing a network of different wells. The
CO2 will be captured from processes
such as waste incineration and ce-
ment manufacture. This innovation
research project has been given the
name CO2Flow.

“The project will directly apply the ex-
pertise we have accumulated in the
field of flow behaviour modelling at the
SINTEF Multiphase Flow Laboratory
at Tiller outside Trondheim. It will also
utilise the knowledge obtained from
the oil and gas sector during the devel-
opment of the LedaFlow model”, says
SINTEF researcher Ivar Eskerud Smith.

The use of innovative experiments,
combined with the development of
new data models, will make it possi-
ble to predict CO2 flow behaviour in
pipelines. This in turn will enable us to
achieve large-scale CCS for application
in the oil and gas sector. Results from
the data models will help to optimise
pipeline design, in particular with a
view to the selection of important as-
pects such as materials and pipe di-
ameter. The results will also contribute
towards cost-effective and safe pipe-
line operation — preventing unwanted
occurrences such as unstable flow or
low temperatures with the consequent
formation of dry ice, which may block
the pipelines.

For the most part, the development of
the new data models will be carried
out at the SINTEF Multiphase Flow
Laboratory at Tiller. Additional exper-
iments will be conducted at NTNU's
DeFACTO underground testing facility
at Glgshaugen in Trondheim. Testing,
quality assurance, and commerciali-
sation activities will take place at the
offices of the LedaFlow model develop-
ment partner Kongsberg Digital.

https://www.sintef.no
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Researchers in the US have developed
a method for the efficient combustion
of biofuels using a Swirl Burst injector
to burn glycerol/methanol blends with
near-zero emissions. Detailed in Fuel,
the Swirl Burst (SB) injector at Baylor
University's Cornerstone Atomization
and Combustion Lab (CAC) is claimed
to enable ultra-clean combustion for
fuels that are typically difficult to burn
due to their high viscosity.

According to the Texan University, con-
ventional injectors struggle to burn
glycerol — an abundant byproduct of
biodiesel production — due to its high
viscosity, though it has moderate ener-
gy density. In contrast, the SB injector’s
ability to handle glycerol without requir-
ing costly fuel preheating or process-
ing could transform biofuel econom-
ics. The process allows the SB injector
to achieve a complete and clean burn
by producing fine droplets, significantly
reducing emissions of harmful pollut-
ants like carbon monoxide (CO) and
nitrogen oxides (NOXx).

Lead author Lulin Jiang, Ph.D., principal
investigator of the CAC Lab, said this
novel technology also enables biodies-
el producers to convert glycerol waste
into a viable fuel source, promoting a
circular economy and reducing the car-
bon footprint for generating power.

According to the university, the SB in-
jector's flexibility allows the combus-
tion of various glycerol/methanol ra-
tios without hardware modifications,
making it ideal for power plants aiming
to meet emissions regulations. “Being
able to transform waste, such as waste
glycerol, into cost-effective renewable
energy promotes energy resilience and
energy equity for economically dis-
advantaged groups in a changing cli-
mate,” Jiang said in a statement.

The research team tested three differ-
ent fuel blends - 50/50, 60/40, and
70/30 glycerol to methanol ratios by
theoretical heat release rate — at mul-
tiple atomising air-to-liquid mass ratios
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(ALR). All blends are said to achieve
over 90 percent combustion efficien-
cy including complete combustion by
the 50/50 blend, with near-zero CO and
NOx emissions, even in non-preheat-
ed, uninsulated combustion setups.
This is claimed to be a significant im-
provement over conventional air-blast
or pressure-swirl injectors, which often
generate high emissions with high-vis-
cosity fuels.

“The demonstrated high viscosity toler-
ance and fuel flexibility of the technol-
ogy signifies that not only waste glyc-
erol, but also the viscous source oils of
biodiesel, and other waste-based bio-
oils can be directly utilised for energy
generation without further processing,
significantly reducing biofuel cost and
thus potentially stimulating its broad
application,” said Jiang.

https://www.theengineer.co.uk

Rice University researchers have de-
veloped an electrochemical reactor
that has the potential to drastically
reduce energy consumption for direct
air capture, the removal of carbon diox-
ide directly from the atmosphere. The
new reactor design could be a part of
the solution to the pressing problem
of emission impacts on the climate
and biosphere by enabling more agile
and scalable carbon dioxide mitigation
strategies.

A study in Nature Energy describes the
specialized reactor as having a modu-
lar, three-chambered structure with a
carefully engineered porous solid elec-
trolyte layer at its core. Haotian Wang,
a Rice chemical and biomolecular engi-
neer whose lab has been researching
industrial decarbonization and energy
conversion and storage solutions, said
the work “represents a big milestone in
carbon capture from the atmosphere.”

“Our research findings present an
opportunity to make carbon capture
more cost-effective and practically
viable across a wide range of indus-
tries,” said Wang, the corresponding
author of the study and associate pro-
fessor of chemical and biomolecular
engineering.
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The device has achieved industrially rel-
evant rates of carbon dioxide regenera-
tion from carbon-containing solutions.
Its performance metrics, including its
long-term stability and adaptability to
different cathode and anode reactions,
showcase its potential for wide-scale
industrial use.

“One of the major draws of this tech-
nology is its flexibility” said Wang,
explaining that it works with differ-
ent chemistries and can be used to
cogenerate hydrogen. “Hydrogen co-
production during direct air capture
could translate into dramatically lower
capital and operation costs for down-
stream manufacturing of net-zero fuels
or chemicals.”

The new technology offers an alterna-
tive to the use of high temperatures in
direct air capture processes, which of-
ten involve running a mixed gas stream
through high-pH liquids in order to filter
out carbon dioxide, an acidic gas. This
first step of the process ties up the car-
bon and oxygen atoms in the gas mole-
cules to other compounds in the liquid,
forming new bonds of varying degrees
of strength depending on the type of
chemical used to trap the carbon diox-
ide. The next major step in the process
involves retrieving the carbon dioxide
from these solutions, which can be
done using either heat, chemical reac-
tions, or electrochemical processes.

Zhiwei Fang, a Rice postdoctoral re-
searcher who is a study co-first author,
said conventional direct air capture
technologies tend to use high-tempera-
ture processes to regenerate carbon di-
oxide from sorbent, or the carbon diox-
ide-filtering agent. “Our work focused
on using electrical energy instead of
thermal energy to regenerate carbon
dioxide,” Fang said, adding that the ap-
proach has several additional benefits,
including it works at room temperature,
needs no additional chemicals, and
generates no unwanted byproducts.

The types of chemicals used to trap
carbon dioxide have different draw-
backs and advantages. Amine-based
sorbents are the most widely used, in
part because they tend to form weak-
er bonds which means less energy is
required to take the carbon dioxide
back out of the solution. However, they
are highly toxic and unstable. Even


https://www.msn.com
https://www.businesstimes.com.sg

though basic water-based solutions
using sorbents like sodium hydroxide
and potassium hydroxide are a green-
er alternative, they require much higher
temperatures to release the carbon di-
oxide back out.

“Our reactor can efficiently split car-
bonate and bicarbonate solutions, pro-
ducing alkaline absorbent in one cham-
ber and high-purity carbon dioxide in a
separate chamber,” said Wang. “Our in-
novative approach optimizes electrical
inputs to efficiently control ion move-
ment and mass transfer, reducing en-
ergy barriers,” Wang said he hopes the
research will motivate more industries
to pursue sustainable processes and
fuel the momentum toward a net-zero
future. He added that this and other
projects in his lab over the years reflect
Rice's strategic focus on sustainable
energy innovation.

https.//www.sciencedaily.com

To help combat the loss of these vital
ecosystems, researchers from UConn’s
Global Environmental Remote Sensing
(GERS) lab are working to comprehen-
sively monitor the health of mangroves.
Their recent study published in Re-
mote Sensing of Environment focuses
on mangroves in Florida to see which
areas cope with increasingly intense
and frequent hurricanes and which
mangroves may be at greater risk of
being wiped out completely.

Lead author and Postdoctoral Re-
searcher Xiucheng Yang says that
thanks to remote sensing technolo-
gy, decades of mangrove images are
available, including images taken after
disturbances like hurricanes. “After the
disturbance, we can continuously track
mangrove conditions, to see what hap-
pens due to extreme weather events
and the ongoing recovery process of
the damaged mangrove,” says Yang.
“We wondered if we could use this data
to predict which mangroves could re-
cover or not.”

To see if this was possible, Yang and
the GERS team paired a dense Landsat
time series with a disturbance detec-
tion algorithm they developed previ-
ously called DEtection and Character-

ization Of the tiDal wEtland change
(DECODE). They went a step further
and included the element of Recovery
and Resilience to automatically moni-
tor mangrove conditions, in a method
called DECODER.

The study focused on Florida since
those coastlines are home to an esti-
mated 96% of mangroves in the United
States. Florida’'s mangroves are also
under growing pressure, with increas-
ingly frequent and powerful hurricanes.
Using this method, the research-
ers mapped mangrove conditions and
tracked the trajectories of recovery be-
tween the years 2000 to 2022 with an
overall accuracy of over 97%.

Department of Natural Resources and
the Environment Associate Profes-
sor and GERS Lab Director Zhe Zhu
explains that monitoring recovery is
an important element, as some man-
groves recover naturally from distur-
bances while others decline, and some
decline worse than others. By tracking
the conditions over time using DECOD-
ER, the researchers hope to predict
which areas are at greatest risk, to
help pinpoint mangroves in need of in-
tervention.

“We can provide critical information
to identify hotspots for recovery and
restoration efforts,” says Yang. “Previ-
ously, researchers could only produce
a binary map showing mangroves as
present or absent. Our dense time se-
ries approach goes beyond simple dis-
tribution, offering insights into the dy-
namic health conditions of mangroves,
especially their recovery processes fol-
lowing extreme weather events. This
capability is unique.”

Yang explains that their method dif-
ferentiates mangrove responses to
disturbance, categorizing them as
healthy, disturbed, recovering, or de-
clining. “High severity doesn’t neces-
sarily mean that a mangrove’s recovery
ability is compromised. Some highly
affected areas can still recover natu-
rally, while others may struggle. That's
why we not only assess the immediate
severity of events but also estimate the
potential and pace of recovery,’ Yang
adds. “For some areas, we indicate
that without human intervention, man-
groves may either never recover or re-
cover very slowly.”

Technology Scan

This data is important because it can
be used to direct restoration efforts to
the areas that need it most. Zhu says
that another important question they
hope to address is how resilient man-
groves are. This use of technology is
an example of how humans can work
with nature to build resilience in the
face of climate change. The GERS lab
has plans to apply the DECODER meth-
od broadly to aid in mangrove mapping
and restoration efforts globally.

https://www.msn.com

Researchers at MIT have combined
climate models with generative Al to
create accurate satellite image predic-
tions of areas impacted by flooding.
Known as the ‘Earth Intelligence En-
gin€, the tool was developed as a visu-
alisation aid to inform the public of the
potential effects of impending storms.
The MIT team has made the tool avail-
able online so that people can see its
results in action. The work is published
in the journal IEEE Transactions on
Geoscience and Remote Sensing.

“The idea is: One day, we could use this
before a hurricane, where it provides
an additional visualisation layer for the
public,” said research lead Bjorn Liit-
jens, a postdoc in MIT’s Department
of Earth, Atmospheric and Planetary
Sciences. “One of the biggest chal-
lenges is encouraging people to evac-
uate when they are at risk. Maybe this
could be another visualisation to help
increase that readiness.”

Initially, the researchers used Al on its
own to create the synthetic images.
They applied a generative adversari-
al network (GAN), a type of machine
learning method that can generate
realistic images using two compet-
ing neural networks. While this model
produced realistic images, it also gen-
erated ‘hallucination’ floods at loca-
tions where flooding was not currently
possible.

“Hallucinations can mislead viewers,’
said Litjens. “We were thinking: How
can we use these generative Al models
in a climate-impact setting, where hav-
ing trusted data sources is so import-
ant?” To overcome this issue, Liitjens
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and his colleagues reinforced the Al with
segmentation maps of physics-based
models that incorporate real, physical
parameters such as an approaching
hurricane’s trajectory, storm surge, and
flood patterns. The team was able to
demonstrate that the physics-condi-
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tioned model outperformed the pure
generative Al model.

“We show a tangible way to combine
machine learning with physics for a
use case that's risk-sensitive, which
requires us to analyse the complexity
of Earth’s systems and project future
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actions and possible scenarios to keep
people out of harm’'s way,” said study
co-author Dava Newman, Professor
of AeroAstro and director of the MIT
Media Lab.

https://www.theengineer.co.uk
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Abstract

The Asia-Pacific (APAC) region accounts for the largest share of global
greenhouse gas emissions while facing the most severe consequences of
climate change compared to other world regions. Physical assets and infra-
structure are projected to be severely damaged resulting in substantial eco-
nomic losses. In most countries, adaptation and resilience plans receive
less attention than mitigation actions. At the same time, several well-de-
veloped actioninitiatives and corresponding technologies may enhance
the resilience of industry, transport, and energy infrastructure to facilitate
disaster risk preparedness. These include predicting weather phenomena,
increasing infrastructure resistance to heat and floods, and adopting new
transport and building codes and standards, among others. There are suc-
cessful cases in the APAC region that can serve as best practices. Small
and medium enterprises (SMEs) can benefit from these initiatives and tech-
nologies by engaging in sustainable value chains, adopting green business

models, and entering new markets with low environmental footprint.

Over the next 20 years, the global im-
pacts of climate change are forecasted
toincrease the cost of climate-related di-
sasters to USD2.7 trillion, while the cost
of resilient infrastructure is estimated
at 3 percent of that amount (UNFCCC,
2021). The Asia-Pacific region (APAC)
makes the highest contribution to cli-
mate change, accounting for the largest
share of global greenhouse gas emis-
sions and about half of the world’s ener-
gy demand (Proskuryakova, 2023a). At
the same time, the region experiences
the highest impact from climate change
with an average of six natural disasters
per year, which is two to three times
higher than in other world regions. By
2050, physical assets and infrastructure

are projected to be severely damaged
due to climate change. For instance,
two-thirds of the global USD1.6 trillion
losses associated with riverine flooding
will occur in Asia (McKinsey, 2020). In
2002 alone in APAC extreme weather
phenomena caused USD57 billion of
economic losses affecting over 64 mil-
lion people including 7,500 deaths. Oth-
er negative consequences include de-
clining biodiversity, rising sea levels, and
climate migration (UNDP, 2023).

All responses to changes that cannot
be averted may be grouped into cli-
mate adaptation and climate resilience
measures. Planning and implementa-
tion of these measures are coordinat-
ed by national governments that, in line
with the Paris Agreement, are respon-
sible for preparing National Adaptation

Plans (NAPs). NAPs aim to magnify
the resilience and adaptive capacity of
countries and territories and have to be
integrated into suitable sectoral and
cross-sectoral policies, programmes,
and actions. Measures that may be
included in NAPs are capacity-build-
ing for stakeholders and acquisition of
evidence-base for decision-makers, as
well as sectoral plans with relevant pro-
grammes and policies. Evidence-base
is especially important, as it is very
difficult to forecast the actual mani-
festation of climate change (UN, 1992;
UNICEF, 2020). The majority of NAPs
underline the significance of future
exposure and vulnerability trends, but
only a few plans offer actual assess-
ments of related risks. Thus, the exist-
ing uncertainty may lead to improper
response assumptions and actions to
address future resilience and adapta-
tion risks (Garschagen et al., 2021).

Once adopted, NAPs need to be
monitored, evaluated, and adjusted
if necessary. However, governments,
especially in the least developed coun-
tries, often lack resources and do not
track their implementation (Leiter,
2021). NAPs design and implementa-
tion process should be participatory
and include the most vulnerable groups
and individuals. Due to the uncertainty
of future changes and the complexity
of possible responses, comprehensive
full-scale climate change adaptation
cannot be achieved in all countries.
As adaptation will not be possible for
all population groups, flora, and fauna
species, some of the inevitable negative
consequences will include degradation
of ecosystems and biodiversity loss, de-
struction of infrastructure and homes,
negative human development impacts,
and submergence of some island states
and territories into the sea. These fore-
casted impacts have to be identified
and communicated to people and com-
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panies well in advance so that they can
increase resilience or adapt to these
changes (UN, 1992; UNICEF, 2020).

The key national climate adaptation
policy documents are NAPs and Ad-
aptation Communications, and the
documents that target mitigation and
adaptation at the same time are Action
on climate empowerment (ACE) and
National Communication and Biannual
Update Report. Global reports of the
Intergovernmental Panel on Climate
Change (IPCC), prepared based on in-
puts from many national teams, serve
as an important information base
for national actions (UN, 1992; Pro-
skuryakova, 2024a).

In addition to the comprehensive picture
offered by the IPCC, national future-ori-
ented studies are necessary to foresee
the projected changes and identify
proper responses to mitigate changes
and increase resilience. The strategic
responses may be grouped into policy,
disaster preparedness and emergency
response, resilience planning, and risk
and vulnerability assessments. . The
key research tools in future studies are
energy and climate models that offer
macroeconomic (global, national, and
sectoral), techno-economic (account
for technology differences and can as-
sess the appearance of new technolo-
gies, but suffer from path-dependency),
and hybrid projections. The top-down
models allow for long-term projections
of energy supply and demand for at lev-
els (Proskuryakova, 2023b).

There are other research approaches to
foresee future resilience challenges. Of
all approaches to future studies, fore-
sight stands out. It allows for under-
taking studies under the conditions of
uncertainty that are often attributable
to environmental changes and energy
markets (Haarhaus, Liening, 2020). In
addition, this participatory tool allows
for collecting the opinions of a wide
variety of stakeholders and experts,
shaping the vision of a desirable future,
and developing action plans based on
research outcomes. Foresight meth-
ods allow for placing climate resilience
issues in a wider context of natural re-
sources, healthcare, territorial planning
and construction, human development,
and economic change (Proskuryakova,
2022). This approach is well suited to
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deal with the complexity that is asso-
ciated with climate change by offering
suitable non-linear approaches, includ-
ing big data analysis, scenario planning,
backcasting, horizon scanning, and var-
ious collective intelligence and expert
tools (Sytnik, Proskuryakova, 2024).

The literature on technologies for cli-
mate-resilient infrastructure in the
Asia-Pacific region available up-to-date
is very scarce. If some research pub-
lications offer approaches to climate
mitigation (Le et al. 2017; Zhang, Khan,
2024), very few studies look into solu-
tions that offer increased climate re-
silience (Uchiyama et al., 2021; Pal et
al, 2023). Both groups of studies most
often aim at identifying key factors
that are positively or negatively asso-
ciated with climate change or climate
mitigation.

The UN definition of climate resilience
contains three independent aspects:
(1) resilient people and livelihoods;
(2) resilient businesses and econo-
mies, and (3) resilient environmental
systems (UN, 2020). Improvements in
existing and construction of new infra-
structure may be an issue in all three
domains. Infrastructures and services,
according to UNFCCC, cover industry,
transport, and energy, and should be
climate-smart and resilient (UNFCCC,
2021). Sectors of the economy have
different likelihoods of natural hazard
risk. Earlier studies indicated that over
the past five years, climate-related di-
sasters have had the highest adverse
impact on the food and agriculture sec-
tor, especially in developing countries
(Uchiyama et al., 2021). Other sectors
that follow are the water, environmen-
tal, health, and industry sectors.

There are several types of interven-
tions to foster climate resilience. The
first group includes disaster risk re-
duction and management measures
that may include risk and vulnerability
assessments, information disclosure
and monitoring, early action, and warn-
ing systems. The second group covers
disaster risk preparedness measures
that focus on climate-proofing infra-
structure and services, as well as con-
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tingency plans, emergency response,
capacity building, and nature-based
solutions. The third group focuses on
risk transfer and includes social insur-
ance and care, knowledge and best
practices sharing, and access to public
and private finance (UNFCCC, 2021).
Therefore, the technologies for cli-
mate-resilient infrastructure are mainly
needed to facilitate disaster risk pre-
paredness.

According to the UNFCCC, estimations,
technologies, and supportive capac-
ity building for climate-resilience of
all critical infrastructure and systems
should be provided by 2040 (UNFCCC,
2021). This will require USD97 trillion
of total investment in infrastructure, in-
cluding nature-based solutions. By that
time, emergency preparedness, antici-
patory action, and response strategies
in all countries should include climate
risk management actions designed for
critical infrastructure (UNFCCC, 2021).
Anticipatory measures need to be tak-
en by private and public sector actors
and some technologies have already
been suggested by experts and inter-
national organizations (Table 1).

Each of the APAC sub-regions faces a
unique combination of natural disaster
risks with significant impacts on the
infrastructure planning, maintenance,
and operations. In Southeast Asia,

countries are susceptible to frequent
and severe floods following heavy rain,
typhoons, and tropical storms. Other
issues of concern are sea-level rise, sa-
linity of soil, heatwaves, and drought.
In South Asia, countries suffer from
hydro-meteorological hazards (e.g.,
floods, glacial melting, and salinity). Pa-
cific countries mainly suffer from floods
and sea-level rise. In Temperate East
Asia, the most frequent disasters are
typhoons/storms, floods, heat waves,
severe winters, and drought (Basnay-
ake et al., 2021; Uchiyama et al., 2021).

Stakeholder engagement for
energy infrastructure resilience
in Australia

Energy systems are vulnerable to
a wide range of climate change ef-
fects, including natural disasters. The
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Examples of actions and technologies that may be implemented by the private and public sectors to increase

infrastructure resilience

Private sector Adapting industrial processes and

transport systems to heat

Changing the architecture of
buildings - resilient construction

Assessing hazard risks for capital
and operational costs

Devising new consumer products

Resource efficient and cleaner
manufacturing (limiting additional
pressure on already stressed
ecosystems or economies,
adapting to resource limitations)
Public sector Predicting weather phenomena,
long-term modelling climate
of change

Long-term evidence-based
policy planning

Installing early warning systems

Establishing new building codes

Establishing new transport
infrastructure standards

Increasing resource availability
/security of supply during
emergencies

Public and
Private sectors

Increasing infrastructure resistance
to heat and floods

Advanced cooling systems;
Capturing and reuse of waste heat

Green roofs that reduce the amount of wastewater
and ambient noise, durable materials, and innovative
construction designs

Drones;
Artificial intelligence;
Future-oriented studies

Data-driven, evidence-based asset planning, design and
management

Technologies increasing process and resource efficiency:
the Internet of Things, digital twins, biodegradable
packaging; full or partial recycling of goods and
packaging; lean production technologies

Earth observation;

Weather warnings, monitoring; surveillance, and
risk mapping;

Satellite-based remote sensing of meteorology and
environmental conditions on the ground;

Advanced computing

Future-oriented studies (foresight, modelling)

Communication and IT Infrastructure;
Remote senses

Requirements to account for current and projected
future climate risks (draughts, floods, etc.)

Risk - assessments - for - all - new roads;
Increased use of heat-tolerant streets and protection of
landscape at highways;

Shifting to the use of rut-resilient asphalt;

Increasing - the = drainage capacity standard

Reliance on independent (local) water and
energy sources
Mini and micro smart grids

Developing = new, = heat-resilient materials

(for example for paving roads);

Developing new or upgrading the existing
infrastructure - for higher maximum temperatures;
Solutions for better flood protection

(Source: Composed by the authors based on (Ebinger, Vandycke, 2015; UNIDO, 2015; UNFCCC, 2021, Masterson, 2024,

Shobande et al., 2024; WHO, 2024).)
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Critical .
. Academics;
infrastructure
Research centers;
owners and

Reseilience Expert

SR I S Advisory Group*

chain entities

All levels
of
governmen

Advocary groups and

business associations;
Cross-sectoral interest
groups

Composition of the Trusted Information Sharing Network

Notes: * - The Resilience Expert Advisory Group (REAG) was established to support of Australian critical infrastructure owners
and operators by providing strategic advice, guidance, and tools to mature security and resilience approaches. It consists of
the national government and company representatives, and experts.

impacts on one element of an energy
system can potentially affect other
elements of the system or the inter-
connected energy systems from other
regions. In addition, energy systems in-
teract and depend on water and trans-
port systems and infrastructures.

The Australian Government imple-
ments activities to enhance the resil-
ience of energy sector infrastructure
and facilities to all types of hazards,
including natural disasters, as well
as other human and environmental
threats. The Department of Climate
Change, Energy, the Environment, and
Water engages with industry on critical
infrastructure by providing administra-
tive support to the Electricity Sector
Group (ESG) of the Trusted Information
Sharing Network (TISN). Governments,
owners, and operators of critical elec-
tricity infrastructure communicate
withinthe TISN ESG platformto discuss
security issues and exchange practical
tools aimed at increasing the resilience
of electricity infrastructure (Australian
Government, 2021). TISN members
(Figure 1) work together to:

= diagnose and address risks to criti-
cal infrastructure;

= identify security gaps and carry out
mitigation strategies;
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= contribute to the development of
policies and programs related to
critical infrastructure resilience;

= joint efforts to implement the
2023 Critical Infrastructure Resil-
ience Strategy (Australian Govern-
ment, 2023).

Scientific-based stormwater
modelling in Japan

Most large cities in Japan, including
Tokyo, have experienced periodic ur-
ban flooding. Due to urbanization pro-
cesses, this problem has gained addi-
tional importance. Extreme rainfall can
affect the quantity and quality of water,
as well as damage water supply and
stormwater facilities and infrastruc-
ture. Substantial research efforts have
been applied to find solutions to urban
flood risk in the country. The main ap-
proaches tested by Japanese scholars
include the Storage Function Model in
Urban Watersheds, Distributed Phys-
ical Models in Urban Watersheds,
and experiments with Al-based sim-
ulations. Particular attention is paid
to detailed hydrodynamic modelling
with the use of high-resolution, vec-
tor-based Geographical Information
System (GIS) data characterizing the
urban environment in detail. Another
promising model combines meteoro-
logical, hydrological, engineering, and
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(Source: Composed by the author)

socioeconomic data (Mishra et al.,
2019; Uchiyama et al., 2021 Kawamura
etal., 2023).

Of key importance for any modelling is
to obtain real-life reliable and regular
data from observations of precipita-
tion and water level, such as the Tokyo
Metropolitan Flood Control Integrated
Information System (FCIS). At the na-
tional level, the data to all stakeholders
is provided by the Ministry of Land,
Infrastructure, Transport and Tourism
through its Information and Nation-
al Land Data Management Centre
(Kawamura et al., 2023). As of 2023,
real-time observations of river water
level and streamflow were provided on-
line at 7580, and rainfall observations
at 10,619 stations (Water Management
and Land Conservation Bureau, 2024).

Flood runoff models are an essen-
tial tool for increasing the resilience
of water and other infrastructure by
mitigating the impact of destructive
floods, enhancing effective protec-
tion measures, and informing corpo-
rate management systems and poli-
cy-making. The adoption of integrated
flood risk management (IFRM) is the
recommended approach to planning
and managing these natural disasters
(Kawamura et al., 2023). It allows to
take a comprehensive approach an



preview measures to prevent floods,
reduce exposure, ensure evacuation,
plan response, and facilitate recovery,
thus, enhancing disaster resilience
with the involvement of multiple stake-
holders (Koike, 2021).

Sponge technology in urban water
management in China

Climate change poses threats to the
present-day and future water availabil-
ity and water security due to the in-
creased frequency and intensity of ex-
treme weather phenomena, including
heat waves and extreme rainfall, and
drought. Floods or droughts lead to
increased concentrations of pollutants
posing risks of water contamination
and pathogen proliferation and limit-
ing access to clean and sanitation (UN
Water, 2020). Densely populated small
and medium-sized cities in developing
countries are particularly affected by
water-related disasters and water inse-
curity (IDRC, 2017).

The Ministry of Water Resources of
China has put forward a guiding doc-
ument to promote the design and con-
struction of sponge cities to enhance
water security and water conservation,
better environment protection, and de-
velop comprehensive solutions to wa-
ter problems. “Sponge City” is a nation-
al stormwater management program
that was put forward by the Chinese
government to address urban water
issues emanating from climate change
sustainably (Guo et al., 2024). Thisis an
inter-departmental and cross-sectoral
initiative that requires a whole-of-the-
government approach to combine nat-
ural and manufactured solutions; blue,
green, and grey measures; and macro,
meso, and micro level approaches. The
national (macro level) sponge city con-
cept was first applied to 30 pilot, and
later to 60 demonstration cities (micro
level) to test and advance the technol-
ogy. As the program spread nationwide
it became apparent that varied envi-
ronmental conditions (such as rainfall,
soil, terrain, and temperature) require
regional (meso level) design strategies
and assessment tools that will focus
on specific low-impact development
parameters tailored to local circum-
stances (Guo et al., 2024).

The ‘blue’ sponge technology focuses
on rivers and lakes in terms of their

Climate resilient infrastructure in the APAC region

protection, connection, and manage-
ment. The ‘green’ sponge technology
covers the installation of rain gardens,
sunken green spaces, and grass ditch-
es that collect surface water run-off or
slightly contaminated water. The ‘grey’
sponge technology previews pumping
stations and rainwater pipe networks.
The ‘Big Sponge’ approach is applied
in line with the information collected
from systematic planning of the urban
ecological pattern of various environ-
mental elements, such as rivers and
lakes, forests and mountains, fields
and grasses. ‘Small sponge’ approach
implies individual technologies and
solutions, such as permeable paving,
green roofs, and the construction of
water storage facilities (ICLEI East Asia
Secretariat, 2024).

Examples of sponge cities in China
are Sanya, Hainan, Jiande, Hunan, and
Changde which have transformed their
varied territories from coastal lines
and suburban areas to construct an
environment-friendly cyclical water pu-
rification system (ICLEI East Asia Sec-
retariat, 2024). This approach helps in
designing climate resilient urban areas
that overcome water deficit and pollu-
tion and offers people appealing plac-
es to live with vast community parks
and green residential areas. Compa-
nies residing in such cities benefit from
the absence of water shortages and
lower cross-sectoral competition over
water resources.

Small- and medium-sized enterpris-
es (SMEs) can benefit from climate
change adaptation and resilience
trends and practices. However, there
are challenges in this way that need to
be accounted for and solutions have to
be found. One such solution is pro-ac-
tive participation in technology devel-
opment and diffusion (Figure 2).

Their benefits from climate-resilient
infrastructure include engaging in sus-
tainable value chains, entering new
local markets in countries that have
constructed such infrastructure, and
benefiting from new partnerships with

knowledgeable and responsible orga-
nizations. The circular and resilience
aspects of manufacturing networks
have the potential to increase inno-
vation in many sectors dominated by
SMEs, such as consumer products,
transport and energy services, and
plastics. The adoption of the following
business models may be beneficial
for SMEs: circular supply, resource re-
covery, product life extension, sharing,
and product-service system. These
sustainable models are well suited for
SMEs due to their higher reactivity, lim-
ited local footprint, and short distance
to customers and end markets. They
can operate in local markets that could
be unattractive or out-of-reach to large
companies (OECD, 2023).

However, SMEs suffer the most from
climate change effects and related in-
frastructure disruptions, as they cannot
cover losses in one market or region,
affected by natural disasters, by a sur-
plus in another. They often lack funds
to increase the resilience of their cap-
ital assets and have less manoeuvre
capacity in case relocation of facilities
is required. Additionally, it is more diffi-
cult for small and medium enterprises
to adapt their production networks to
minimize negative interconnections,
disruptions, and volatility caused by
natural disasters.

At the same time, SMEs can contribute
to the development and application
of climate-resilient technologies. This
can be done through participation in
various platforms and networks that
regroup various actors in search of
responses to common challenges. Ex-
amples include European Technology
Platforms (Proskuryakova et al., 2014)
and the Australian Trusted Information
Sharing Network. SMEs can also join
various advisory and expert bodies cre-
ated by government agencies to foster
resilience and seek advice from the
private sector. Through such channels,
they can inform the policy process
about the needs and difficulties faced
by small and medium companies. Fi-
nally, SMEs can certainly benefit from
the information provided by the gov-
ernments, such as NAPs, weather phe-
nomena predictions, and the outcomes
of long-term climate change model-
ling. If SMEs are involved in national or
global value chains, they could have ac-
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Benefits

Engaging in
sustainable value
chains

Adoption of green
business models

Entering new local
markets

Challenges

Limited resources to
increase resilience of
capital asets

Limited opportunitires
to diversify business

Limited opportunities
to adapt production
networks

Technology
shaping

Participation in
technology networks
and platforms

Participation in expert
and advisory bodies

Pro-active information
and knowledge
acquision

Figure 2: - SMEs’ benefits, challenges, and participation opportunities associated with technologies for climate resilient

infrastructure

cess to knowledge and resilience tech-
nologies created by other participants.
SMEs' digital transformation, their shift
to greener and more sustainable prac-
tices and business models, access to
essential climate data, and raising the
qualification of personnel, coupled
with enabling policies, will be instru-
mental in their integration into global
value chains along with increasing re-
silience to climate change.

Conclusions

Over the next decades, the frequency
and intensity of global climate-related
disasters are forecasted to increase,
resulting in billions of damage costs,
the largest share of which will be
attributed to the APAC economies.
Those most affected will be the poorer
countries and communities that do not
have the means and resources to fore-
see the projected changes and devel-
op and implement effective mitigation
and resilience strategies and plans. In
particular, climate-related damage to
infrastructure and services, including
industry, transport, and energy, will
have a higher impact on vulnerable so-
cial groups and smaller (local) market
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actors, whose resilience has to be rein-
forced in the first place.

It is a much smarter and more cost-ef-
fective solution to invest in resilient
infrastructure today than to bare the
economic consequences of climate-re-
lated disasters a few decades later. Fu-
ture oriented studies and existing pub-
lic and private initiatives in the APAC
region could serve as the evidence
base and a starting point for national
governments to design, monitor, and
adjust National Adaptation Plans, Ad-
aptation Communications, and Actions
on climate empowerment in a time-
ly manner. Some of these initiatives
covering cross-border environmental
systems or economic areas may be
elevated to the international level and
included in bilateral and internation-
al agreements or coordinated by the
Asia-Pacific International Cooperation.

It is important to design, evaluate, dif-
fuse, and propel varied solutions, in-
cluding climate-smart technologies,
social projects, and policy actions.
SMEs could be both beneficiaries and
proactive contributors to such solu-
tions. They may engage in existing
sustainable business chains and adopt
green business models, thus building
competitive advantages to occupy new
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local markets. SMEs could also contrib-
ute to the planning, development, and
implementation of resilient solutions
through participation in technology net-
works and platforms, expert and advi-
sory bodies, and knowledge hubs.
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This article explores the development of a Composite Adaptability Index (CAl),
a framework that assesses the adaptability of urban transportation systems
in response to climate change, particularly urban flooding. As Asian cities are
facing the increasing risk of climate change impacts, the need for resilient
transportation infrastructure is crucial. It is important to implement adaptation
policies to improve the system's resilience and develop monitoring and evalua-
tion measures to assess their effectiveness. The CAl relies on the main pillars
of Environmental, Social, and Economic and sub-pillars of Exposure, Resil-
ience, and Susceptibility. To understand the practical application of the CAl, a
case study of Bengaluru, India, which is highly vulnerable to urban flooding, is
presented. Results suggest that a policy bundle of land use and infrastructure
instruments is extremely advantageous to increase system resilience. Com-
pared to the other policy bundles and the Business-As-Usual scenario, the high
CAl value of a bundle of land use and infrastructure instruments indicates its
ability to improve the system's resilience. By adopting CAl, policymakers can

proactively prepare the transportation system for climate challenges.

Climate change has been a focal point
of discussion in dialogues worldwide,
including the United Nations Frame-
work Convention on Climate Change
(UNFCCC), the Kyoto Protocol, and the
Paris Agreement. Climate change and
its impact is significantly felt across
various sectors, majorly in critical in-
frastructures, including transportation.
Asia has been undergoing rapid urban-
isation and economic growth in recent
decades, leading to uncontrolled mi-
grations and heightened demand for in-
frastructure, especially transportation.
Its heightened vulnerability to climate
change risks and resulting economic
losses (Kurth et al., 2020) has made
it essential to prioritise system resil-

ience, especially in Asian countries,
where many are particularly vulnerable
to climate change In India, metropoli-
tan cities like Bengaluru, Mumbai, and
Chennai are severely affected by annu-
al floods, and low-lying cities such as
Ho Chi Minh and Jakarta are vulnerable
to sea-level rise. Bangladesh’s unique
geographical profile makes it highly
susceptible to flooding, tidal inunda-
tion risks, and the accelerated melting
of Himalayan glaciers.

While resilience is gaining popularity
in research and policy, the significant
disparity between developed and de-
veloping nations is prominent. (Pan
et al,, 2021).India is notably vulnera-
ble to climate change, facing extreme
weather events like cyclones and
floods in increasing intensity and fre-

quency. The last few decades have
seen unpredictable season changes
and increased rainfall, leading to urban
floodings threatening transportation
systems. Uncontrolled urbanisation
and unplanned developments have fur-
ther complicated the matter with cities
struggling to meet the socio-economic
demands in these extreme conditions.

As the situation continues to deterio-
rate, particularly in developing coun-
tries like India, the urgency of adapting
transportation systems becomes in-
creasingly clear. Resilience is a big part
of this step. Referred to as the “ability
of a system, community or society ex-
posed to hazards to resist, absorb, ac-
commodate, adapt to, transform and
recover from the effects of a hazard in
a timely and efficient manner” by the
United Nations Office of the Special
Representative of the Secretary-Gen-
eral for Disaster Risk Reduction, resil-
ience principles can help fragile sys-
tems become more stable and flexible.
By prioritising resilience in transpor-
tation planning, countries can better
prepare for the adverse effects of cli-
mate change, ensuring their networks
remain robust and reliable amidst envi-
ronmental changes.

To tackle climate change issues effec-
tively, it is important to focus on the in-
terconnection between adaptation and
resilience strategies. Adaptation is the
process that involves making changes
to adjust to new conditions through
modified practices and redesigning
structures. Adaptation contributes
to building resilience so that climate
change impacts can be reduced or
modified. While countries have identi-
fied and recognised the importance of
adaptation and prepared national ad-
aptation strategies, no recognised ma-
trix or methodology exists to measure
their effectiveness.

Measurement and evaluation of adap-
tation projects and programs leads to
effective communication and public
engagement, informed planning and
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decision-making, solid justification
of adaptation expenditures, account-
ability, governance, and management.
The lack of monitoring and evaluation
frameworks could be attributed to
the challenges due to uncertainty and
complexity, context specificity, lack of
comparable indicators and resources,
and the long-term horizon involved in
collecting reasonable results.

This article is inspired by the work
done by Dr. Harsha Vajjarapu as part
of his thesis titled, “Evaluating Cli-
mate Change Mitigation & Adaptation
Potential of Sustainable Urban Trans-
port Measures in India” at the Indian
Institute of Science (I1Sc), Bengalury,
and presents the development of an
innovative index named the Compos-
ite Adaptability Index. The Compos-
ite Adaptability Index (CAl) is a con-
text-specific framework developed to
evaluate the adaptability of an urban
city's transportation system against
floods. The index is developed based

Economic pillars and considers the
relationship between adaptation, ex-
posure, susceptibility, and resilience.
(Vajjarapu & Verma, 2021).

You can think of the CAl as a progress
report for the city’s transportation sys-
tem. Like how teachers assess the
students through examinations, as-
signments, and seminars, the CAl in-
dex assesses the city’s urban transpor-
tation network’s adaptability to urban
floods through various indicators. Sim-
ilar to how blood pressure, pulse, and
saturation level are indicators of the
body’s state of health, several indica-
tors can be employed to determine the
transportation system’s performance.
These indicators broadly fall under the
three major pillars of adaptation - En-
vironmental, Social, and Economic- the
three sectors significantly affecting
urban flooding and the sub-pillars of

which will provide a deeper understand-
ing of how the system interacts with ur-
ban flooding. While the Environmental
pillar considers aspects of rainfall, the
social pillar looks at how individuals’
travel decisions change. The economic
pillar considers the economic impacts
of urban flooding.

Exposure refers to the elements that in-
crease the exposure of transportation
systems to urban flooding; resilience
denotes the ability of the system to
return to its original state after a flood-
ing event, while susceptibility reflects
the possibility that the system has a
chance of getting flooded in the event
of urban flooding. The CAl development
follows a systematic approach that
starts with indicator identification and
normalisation and continues through
prioritisation and index calculation.
The Composite Adaptability Index
(CAIl) development process for urban
transportation systems facing urban
flooding involves several key steps, as

on the Environmental, Social, and exposure, resilience, and susceptibility, ~shown in Fig 1 and explained below.
Start
b
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1. Identification of indicators: For the
development of the CAIl, indicators
under each of these main pillars and
sub-pillars need to be identified.

2. Normalization of Data: Normaliza-
tion is carried out to ensure that
indicator data collected on different
scales can be compared meaning-
fully on a common scale. In simpler
terms, normalisation ensures that
apples are compared with apples
and not oranges. Bringing all points
to a common scale ensures their
accurate evaluation and effective
comparison without the influence of
their differing measurement units.

3. Prioritization of Indicators: To en-
sure a structured evaluation of the
indicators and development of the
index, indicators should be priori-
tised based on their importance in
contributing to the system’s adapt-
ability. This process identifies the
significance of each indicator about
its sub-pillar and assigns a numer-
ical value, the weight, representing
this importance. By doing this step,
the influence of various indica-
tors on system adaptability can be
determined.

4. Index Calculation: The Compos-
ite Index calculation happens in
three steps.

4.1 Adaptability index of sub-pillars
The adaptability index of sub-pil-
lars is calculated by combining the
normal value of the indicators with
their assigned weight. Each indica-
tor value is first adjusted to a com-
mon scale, and then its importance
is factored in through its weight.
The result is a weighted sum that
reflects the overall adaptability of
the sub-pillars. The mathemati-
cal formula for the same is given
in Eqn [1].

Algy = X1 [NVI; « W, [1]

where,

sp — Sub-pillars of adaptability

NVI - Normalized Value of Indicator
WI - Global Weight of Indicators

4.2  Adaptability
main pillars

Examining the sub-pillars and their
relation to the system’s adaptabil-
ity reveals that resilience positive-

index of

ly influences adaptability; in other
words, resilient systems are more
adaptable, while exposure and
susceptibility negatively impact
adaptability. Considering these rela-
tionships, Eqn [2] was developed to
determine the adaptability index of
the main pillars of adaptation.

Al = 3 [Rsp+(1—Es3p)+(1—ssp)' [2]
where,

mp — Main Pillars of Adaptability

R - Normalized Resilience

E — Normalized Exposure

S - Normalized Susceptibility

If the main pillar is entirely resilient
to urban flooding with no expo-
sure or susceptibility, then Eqn [2]
gives the adaptation index of the
main pillar as 1 with Rsp =1, Esp =0,
andS_ =0.

4.3 Calculation of Composite
Adaptability Index (CAI)

Finally, the composite adaptability
index for the entire urban trans-
portation system is obtained from
Eqgn [3] as,

X Aly
CAIsystem =73 . [3]

The value of the composite adapt-
ability index varies from 0 to 1, with
0 being the worst adaptability and 1
being the best adaptability.

The developed composite adaptabili-
ty index was applied to the Bangalore
Metropolitan Region (BMR), covering
over 8005 sq. km. One of the fast-
est-growing metropolises in India,
Bengaluru has a population of 12 mil-
lion (World Population Review, 2020).
With its population expected to reach
18 and 33 million in 2030 and 2050,
respectively, Bengaluru presents an ex-
citing challenge, with the city grappling
with the demands of rapid urbanisa-
tion. These demographic shifts are re-
flected in city traffic congestion, air pol-
lution, and changing land use patterns.
The rise in impervious surfaces and the
loss of wetlands and vegetation have
significantly contributed to frequent
urban floods (Ramachandra, 2017). Ef-
fect measures are urgently required to
mitigate the issue.

Composite Adaptability Index

Adaptation Policies: The study for-
mulated adaptation policies through
a comprehensive literature review,
stakeholder interaction, and Intergov-
ernmental Panel on Climate Change
(IPCC) definition, additionally drawing
inspiration from Western countries.
Through the Delphi method, the most
relevant adaptation policies were iden-
tified. A widely used technique, the
Delphi method, is a way to get opinions
from experts by asking them questions
anonymously. They answer, see a sum-
mary of everyone’s thoughts, and up-
date their answers. The Delphi meth-
od filtered nine potential adaptation
policies down to six. Identifying that
policies are more effective when imple-
mented in a package, the six policies
were bundled to enhance each other in
achieving better resilience. The study
formulated three policy bundles to
tackle urban flooding in Bengaluru and
to restore the city to a business-as-usu-
al (BAU) scenario without flooding.

Each policy bundle is composed of
different policy instruments; Bundle 1
contains land use and infrastructure
instruments, while Bundle 2 consti-
tutes policies related to land use and
information (traffic management).
Bundle 3 integrates infrastructure and
information instruments. These bun-
dles were then critically analysed to
assess their combined impact on im-
proving system resilience, particularly
in reducing flood levels. To evaluate
their effectiveness, scenario analy-
sis was conducted considering three
cases: the BAU no-flooding scenario,
the BAU flooding scenario, and vari-
ous adaptation policy scenarios. The
Composite Adaptability Index was
employed to determine the policy bun-
dles’ effectiveness in improving the
system'’s adaptability.

Indicators selection: Indicators for the
analysis were identified under the three
main pillars: Environmental, Social,
and Economic. Multiple urban trans-
portation-related indicators were also
incorporated for the index estimation.
Vehicle Kilometers Travelled (VKT), Ve-
hicle Hours Travelled (VHT), Average
speed of the vehicle (ASV), Cancelled
trips (CT), and Average Trip Length
(ATL) were the transportation indica-
tors used in the study.
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Scenario analysis: The values for the
indicators selected above depend on
the policies and vary across the policy
bundles. Each of the policies affects
different stages of planning a trip: de-
termining where a trip starts and ends
(Trip generation), determining how
many people will travel from one place
to another (Trip Distribution), choosing
the method of transportation, such as
car, bus, or train (Mode choice), and
selecting the route to take (Trip Assign-
ment). When combined, these steps
are termed as the ‘traditional four-step
model’ in transportation planning and
are widely accepted for analysis. By
using TransCAD, a transportation plan-

Adaptability Indices -
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ning software with GIS and transporta-
tion modelling capabilities integrated
with the four-step model, the three sce-
narios were analysed: BAU- no flood-
ing, BAU- flooding, and Adaptation pol-
icy scenarios for years 2030 and 2050,
and indicator values were extracted or
estimated. (Vajjarapu et al., 2020)

Normalising and weighing: Since each
indicator has different units, it is es-
sential to apply data normalisation to
bring them to a standard unit. Due to
its simplicity, the min-max method is
employed in this study, where it scales
the data to fall within a range of 0 to 1.
This helps transform the data to make
it easier to compare and analyse.

8 Enviromuisntal #8506l @ Coononis
2 i
= =
o+
& 2 E I z
= — = L
BUNDLE I BUXDLE 3

(actual value—minimum value)

NVI =

. . ’
(maximum value—minimum value)

where,
NVI -
indicators
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mated Maximum and minimum values
of indicators.

Normalized value of the

After normalising, the Analytical Hier-
archy Process (AHP), a multi-criteria
decision-making approach based on
pair-wise comparison, developed by
Saaty in the 1970s (Saaty, 1987) was
used to achieve weights of the indica-
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Figure 2: Adaptability Indices of Main Pillars for the year 2030
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Figure 3: Adaptability indices of main pillars for the year 2050
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(Source: Vajjarapu & Verma, 2021)A comparison of the composite adaptability indices across the various policy bundles
shows that bundle 1 achieves the best results. The higher CAl value of bundle 1, which combines land use and infrastruc-
tural instruments, underscores the importance of a well-informed resilience strategy that integrates these two sectors.
This approach significantly increases the urban transportation systems’ adaptability to urban floods and overall resilience.

tors. AHP utilises the decision-maker’s
expertise and breaks down the deci-
sion problem into a hierarchy of easily
comprehensible sub-problems, which
can then be analysed independently.
The participants are asked to compare
the indicators in pairs and rank them
accordingly based on their effect on
adaptability. In the study, to determine
the weights of the indicators, inputs

from 30 experts were considered. The
experts included government officials,
government officers from transport
and urban planning, the meteorolog-
ical department, disaster manage-
ment, and professors from the Indian
Institute of Science who are experts in
Transportation Engineering. Once the
results were calculated, a consistency
ratio was used to ensure their reliabil-
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ity, allowing necessary adjustments to
enhance decision-making.

Composite Adaptability Index: Once
the normalised indicator values and
their weights were obtained, the adapt-
ability indices for the sub-pillars and
the main pillars were calculated for
the years 2030 and 2050. Fig.2 and
Fig.3 represent the adaptation indices
of various policy bundles and busi-
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ness-as-usual scenarios with flooding.
Compared with the BAU scenario for
both years, the adaptability indices for
the main pillars are increasing across
all policy bundles, indicating that im-
plementing the adaptation policies im-
proves the system’s adaptability level.
Furthermore, to compare the effective-
ness of policy bundles and identify the
one with higher benefits, the compos-
ite adaptability index of the system for
all policy bundles and the BAU were
calculated, and the results are present-
ed in Fig 4 and Fig 5 for the years 2030
and 2050, respectively.

The ever-present threat of climate
change on the horizon and the de-
mands for more and more infrastruc-
ture, particularly in the rapidly urban-
ising cities of Asia, have necessitated
the incorporation of resilience strate-
gies in long-term transportation plan-
ning. As climate-related risks become
more frequent and intense across cit-
ies, the transportation system, one of
the critical lifelines, is becoming se-
verely vulnerable, especially in develop-
ing countries like India. While there are
many adaptation policy initiatives to
maintain the functionality and stability
of the systems, the lack of a suitable
measurement matrix reduces their ac-
ceptability.

This article presents the development
of a Composite adaptability Index (CAI)
an indicator-based approach that can
be used to evaluate the adaptability of
climate change adaptation strategies
for the urban transportation sector,
focusing on urban flood. The index is
developed based on three main pillars
- Environmental, Social, and Econom-
ic- and three sub-pillars or factors — Ex-
posure, Susceptibility, and Resilience.
Considering the relationship between
adaptation and the three factors, a
mathematical expression was devel-
oped for the index. The CAI offers a
comprehensive approach by integrat-
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ing various indicators across these pil-
lars to understand how urban transpor-
tation systems can adapt to growing
risks associated with climate change.

To highlight the practical application of
the index, a case study of Bengaluru,
one of India’s fastest-growing cities, is
also discussed in the article. Bengalu-
ru faces frequent urban flooding due
to unconstrained urbanisation and the
loss of natural ecosystems. The CAl
was applied to analyse the effective-
ness of various policy bundles from
infrastructural, land use, and traffic
management instruments designed to
reduce the effects of urban flooding
on Bengaluru's transportation system.
The Composite Adaptability Index de-
veloped in the study can be used to
evaluate the effectiveness of adapta-
tion policies. Though the application
was restricted to adaptation strategies
for Indian cities, the index is transferra-
ble and can be used as an evaluation
technique for adaptation policies. The
model will act as a scientific tool for
policymakers to make appropriate de-
cisions in reducing the risk of flooding
in urban areas.

Looking ahead, it is crucial for policy-
makers, researchers, and urban plan-
ners to adapt the CAIl as a standard
evaluation tool for adaptation policies.
Through a holistic approach to urban
resilience, it can be ensured that trans-
portation systems are proactively de-
signed to withstand future disturbanc-
es. The CAl applied in the Bengaluru
case study was developed with a lim-
ited number of indicators; in the future,
the CAl can be refined by incorporating
more diverse indicators and testing its
applicability across various contexts.

It is high time to integrate resilience
into long-term transportation plan-
ning. By focusing on capacity building,
stakeholder engagement, fund alloca-
tion, risk assessment, and stakeholder
involvement, we can create robust and
reliable transportation systems capa-
ble of withstanding disasters. Much as
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a band-aid on a broken arm does not
solve the issue, ensuring adaptation
does not result in maladaptation is cru-
cial. Tools like the Composite Adapt-
ability Index will serve as vital support
systems for these initiatives, enabling
informed decision-making and en-
abling policymakers towards effective
strategies. Through collaborative ef-
forts and strategic planning, we can
ensure that transportation systems re-
main adaptive and resilient.
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This article examines three Japanese smart cities—Toyama City, Fujisawa
Sustainable Smart Town, and Tsuchiyu Onsen—to identify how technologies,
policies, and practices contribute to climate resilience and address demo-
graphic challenges. Our findings show that smart cities require a balanced
approach between technology adoption, innovation, and democratic gover-
nance rather than a one-size-fits-all solution. We emphasize that stakeholder
management and transparent public engagement are essential for maximiz-
ing technological effectiveness. By fostering public understanding, running
drills, and feedback mechanisms, smart city initiatives can ensure proper
technology utilization, generate data for assessing governmental goals, and
guide future technological and policy needs.

With climate change damaging city
infrastructure and straining budgets,
governments and communities will
look for ways to build more resilient
cities cost-effectively. Cities world-
wide, including Japan, are turning to
technologies such as smart grids,
mass transit, renewable energy, artifi-
cial intelligence (Al), and automation
to build sustainable cities while ad-
dressing demographic and economic
challenges. Equally important as iden-
tifying and implementing new technol-
ogy, however, are sound governance
and support for innovation among the
public-private-academic sectors. In re-
cent years, urban design philosophies,
city development policies, and dem-

ocratic government-citizen relations
have fallen under the umbrella term of
“smart cities.”

This article examines the cases of
Toyama City, Fujisawa Sustainable
Smart Town (SST), and Tsuchiyu On-
sen to identify technology, best practic-
es, areas of opportunity, and challeng-
es that must be overcome in smart city
development. We find that even within
a single country, a one-size-fits-all ap-
proach does not work, and climate-re-
silient infrastructure must be tailored
to the strengths and weaknesses of
each community. Moreover, we argue
that consistent stakeholder manage-
ment and transparent engagement
with the public will allow the govern-
ment to best leverage the technologies

it seeks to implement. Gaining pub-
lic understanding, running drills, and
maintaining robust feedback loops will
ensure that smart city technologies will
be used as intended, provide valuable
data to determine if the government is
meeting its desired benchmarks, and
provide insights on what technologies
and policies are needed for long-term
sustainability.

There are numerous definitions of the
concept of “smart city,” with many de-
veloped by international organizations.
Philip Bane, of the Smart Cities Coun-
cil, identifies three core components of
a smart city: 1) “Cities’ are any human
community of any size and ‘smart’ can
be technology, people and process,’
2) “At the core of smart cities are peo-
ple, and the human-centered needs of
livability, workability, and sustainabil-
ity are at the core of every smart city
program or project,” and 3) “Informa-
tion and communication technology
are core to technology development”
(Bane, 2022). The European Commis-
sion defines a smart city as “a place
where traditional networks and ser-
vices are made more efficient with the
use of digital solutions for the benefit
of inhabitants and business” (Europe-
an Commission, n.d.). The European
Commission emphasizes that smart
cities go beyond better resource man-
agement and less emissions through
digital technology and highlights the
importance of smarter urban transport
networks, more interaction between
the public and city administration, and
meeting the needs of an aging popula-
tion, among other urban planning ad-
vancements. Although intuitively, these
smart technologies contribute to more
climate-resistant infrastructure and
can address climate change, they are
not solely focused on environmental
issues. More importantly, smart tech-
nologies can negatively impact the en-
vironment, as Al and battery technolo-
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(Source: Produced by authors based on Nagumo interview, Interview, July 3, 2024).

gies are resource-intensive and leave a
noticeable carbon footprint (United Na-
tions Environment Programme, 2024;
Institute for Energy Research, 2023).

Although technology is a core compo-
nent of a smart city, how it is selected
and implemented, and how good gov-
ernance, innovation, and development
address the population’s needs while
maintaining community are equally im-
portant. Since smart cities go beyond
technology, individual states imple-
ment smart city policies according to
their capacity and constraints. Some
cities utilize technology to address
overpopulation in urban areas, where-
as others, often found in Japan, utilize
technology to address the consequenc-
es of an aging and declining popula-
tion. Moreover, states may define a
“smart city” in a manner that is more
reflective of local norms. That is, for an
international concept, it can be highly
localized. The Smart City Institute of
Japan, for example, approaches the
smart city concept under the nation-
al “Digital Garden City Nation” policy,
where the Government of Japan “aims
to realize a ‘fulfilling life’ (Well-Being)
by solving social issues and enhancing
regional charm using digital technol-
ogy” (Cabinet Secretariat’s Office for
the Council for the Realization of the
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Vision for a Digital Garden City Nation,
2022). The Smart City Institute of Ja-
pan has operated as a thought leader
and agenda setter in Japan by:

1. Collecting, analyzing, and sharing
the latest information on the world’s
leading smart cities and know-how
for promotion;

2. Discussing, proposing, and advis-
ing for promoting smart cities in
Japan; and

3. Promoting networking between var-
ious entities related to smart cities.

Takehiko Nagumo, founder and rep-
resentative director of the Smart City
Institute, contends the smart city con-
cept is evolving and currently has five
core components: 1) Well-being, 2)
Innovation, 3) Sustainability, 4) Liv-
able City, and 5) Resilience (Takehiko
Nagumo Interview, July 3, 2024). Not
all cities will have all five components
and many smart city variations exist
in Japan. Nagumo identifies at least
three types of smart cities: Innova-
tion-oriented, sustainability-oriented,
and bed-town (sub-urban). As illustrat-
ed in Figure 1, different permutations
of smart cities have different strengths
and require different inputs. Innovative,
sustainable, and resilient cities tend to
lean on free market principles. Livable
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and resilient cities require strong civic
engagement. And cities requiring high
levels of innovation require inputs from
the academic sector.

The FY2023-FY2027 Comprehensive
Strategy for the Vision for a Digital
Garden City Nation outlines four pri-
mary objectives: 1) create jobs in rural
areas, 2) increase the flow of people
to rural areas, 3) realize hope for mar-
riage, childbirth, and child-rearing, and
4) enhance the attractiveness of ev-
ery region.

The Ministry of Land, Infrastructure,
Transport, and Tourism, especially its
Urban Affairs Bureau, has also had
a significant influence in promoting
the smart city concept in Japan. This
Bureau defines a “smart city” as “a
sustainable city or district where man-
agement (planning, development, man-
agement, operation, etc.) is carried out
while utilizing new technologies such
as ICT to address various issues fac-
ing cities.” The Urban Affairs Bureau
further identifies the Internet of Things
(loT), robotics, Al, and big data as
promising technologies for solving ur-
ban problems (Ministry of Land, Infra-
structure, Transport and Tourism).

Of note, many of the cases in this arti-
cle demonstrate how city governments



believe “green” cities will attract new
residents, allowing them to address ru-
ral decline, aging populations, and oth-
er social issues. Japanese megacities,
such as Tokyo and Osaka, are not often
associated with the smart city concept,
yet are innovation centers and promote
climate-resilient infrastructure, tech-
nology, and green living. As a result,
suburban and rural communities are
using smart technologies and “green”
marketing to attract residents away
from major metropolitan centers. In a
sense, environmentalism is imbued in
smart city initiatives because they are
attractive to younger Japanese and are
not the end goal.

Toyama City. Toyama City officially
promotes itself as a “compact city,” al-
though official government documents
use the term “smart city” regularly, if
not interchangeably. A 2022 Smart
City Vision Report, for example, intro-
duced the idea of a “Toyama version of
a Smart City.” This tailored approach is
common among Japanese smart cit-
ies as each aims to leverage its unique
strengths to address the community’s
unique challenges. According to the
Resilient Toyama report, resilience is
measured in four categories: 1) resil-
ient people, 2) resilient infrastructure,
3) resilient prosperity, and 4) resilient
environment (Resilient Cities Network,
n.d.). The report identifies two unique
challenges to the region, demographic
stresses and natural disasters.

Due to the anticipated decline in the
overall population and growing ag-
ing population, government officials
sought to shrink a city to better allo-
cate resources to a needy population.
Between 1995 to 2020, the population
of Toyama city only decreased by less
than 4,000 people (about 1%), but Toya-
ma Prefecture’'s population decreased
by 100,000 (about 9%) in the same pe-
riod. Moreover, Toyama Prefecture has
the 5th oldest population in Japan, with
an average age of 48.6 in 2020 (City
Population; Official Statistics of Ja-
pan, 2020). These trends also indicate
that while a smart city aims to build a
more attractive and citizen-focused
city that reverses or at least limits pop-
ulation decline, this may come at the
expense of surrounding communities

as the smart city draws in population
from them.

One of the main technologies imple-
mented in Toyama City has been cen-
tralized public transportation (rail, taxi,
bus, streetcars), with light rail transit
(LRT) at its core, in part by taking over a
defunct Japan Railways Group (JR) rail
line. According to Shinji Honda (Senior
Policy Supervisor, Toyama City), the
city government sought to decrease
reliance on cars and developed a pub-
lic transportation system where public
transportation was within walking dis-
tance; 300m from a high-frequency bus
station and 500m from a train station
(Shinji Honda Interview, July 18, 2023).
The proximity to public transportation
ensures that all residents, especially
the elderly, have access to city ame-
nities (Resilient Cities Network, n.d.).
To determine where rail lines and bus
routes should be placed, Toyama City
utilized surveillance technologies to
track where residents were traveling
most. This data allowed the city to
determine optimal operation times,
and some routes started to operate
on 15-minute intervals instead of the
30-60-minute intervals when they were
run by the private sector.

Accessibility is also an important goal
of Toyama City. For example, the city
raised the platform on train and elec-
tric rail lines to ensure they were on
the same level as the carriages. The
leveled platforms helped the elderly
and families use strollers to disembark
more easily from trains. These chang-
es have had a meaningful impact on
public transportation use, with an in-
crease of 2.1 times on weekdays and
3.3 times during weekends, with no-
ticeably increased use from the elderly
population (Shinji Honda Interview, July
18, 2023). LRT is not a new technology
in Japan, but smarter leveraging of the
technology and urban planning allowed
the government to address the demo-
graphic crisis, place residents closer
to city services, and increase the use
of public transportation, all of which
make the people and city more resilient
to natural disasters and decrease their
carbon footprint (Kriss et al., 2021).

Toyama City is a prime example of a
smart city that utilizes existing technol-
ogies to develop an urban design plan

TECH MONITOR « October — December 2024 |

Technology, innovation and governance

sensitive to the city’s large area, resi-
dents’ habitual use of cars, and the ag-
ing and declining population. Moreover,
according to Toyama City officials, the
“compact city” concept begins with the
city's needs, and the environmental
benefits come second. This distinc-
tion is important because it reveals
that environmental concerns do not
exist in a vacuum, and cities are more
likely to address them if they can also
address economic and demographic
concerns as well. These technologies
are not aimed at climate resilience, but
by drawing more residents to the core
of the city, better understanding citizen
behavior, decreasing reliance on ve-
hicles, and making a city more “com-
pact” overall, Toyama City is better
positioned to address climate-related
disasters.

To continue positive momentum, city
planners must promote innovation
and good governance. Developing
new technologies ensures that cities
have the latest tools to address a rap-
idly changing ecological environment,
are economically competitive to at-
tract residents and maintain a city’s
vibrancy, and strengthen public-gov-
ernment-private sector relationships.
Smart cities have launched innovation
hubs to allow each stakeholder to con-
tribute their comparative advantages
and synergize their interests. Toyama
City, for example, launched an innova-
tion hub that seeks to connect the pub-
lic, academic, and private sectors to
generate business opportunities and
technologies for the future. Located
near Toyama Station, the Sketch Lab is
a moderately small space that regular-
ly hosts workshops, talks, classes, and
town development dialogues. In the
Toyama City Smart City Vision interim
report, city officials advocate for “citi-
zen centrism,” which is approaching
the smart city vision from the service
needs of civilians instead of contract
obligations and interests of the state.

As Toyama City implements these
bold technologies and initiatives, city
officials must maintain good commu-
nication with the public to gain sup-
port for the smart city policies, justify
expenditures, and ensure services are
fully utilized. In Toyama City, the may-
or held regular town halls to gain sup-
port and serve as a feedback mecha-
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nism. The city also produces reports
and communicates with the media to
maintain high levels of transparency.
As the population shrinks and budgets
become increasingly strained, policies
become more politically and econom-
ically costly because changing direc-
tions becomes more difficult. Climate
change resilience, changing the direc-
tion of demographic decline, attracting
new residents, and reinvigorating rural
economies require multi-decade plans,
and hence, sustained and robust en-
gagement with the public.

Fujisawa Sustainable Smart Town
(SST). Fujisawa SST, located in
Kanagawa Prefecture south of Tokyo,
opened in 2014 on the site of a for-
mer Panasonic factory and is home to
around 1,000 households. Developed
through a partnership between Pana-
sonic, Tokyo Gas, Mitsui Fudosan, and
other organizations, the town was de-
signed with a 100-year vision empha-
sizing sustainability and adaptability
(Fujisawa City, 2024). After 10 years,
in October 2024, Fujisawa SST was
completed (Panasonic Group, 2024).
As such, Fujisawa SST's technological
infrastructure focuses on smart homes
equipped with Panasonic’s integrated
systems, including solar power gener-
ation, battery storage, and energy man-
agement technology. The adoption
of these technologies falls under the
city’s branding of “smart life,” “smart
space,” and “smart infrastructure.”

Safety, sustainability, and resilience
are key concepts in Fujisawa SST's
approach to community building. For
example, a monitoring system, includ-
ing public space surveillance, oversees
community services, while electric ve-
hicle charging stations and bike-shar-
ing systems support sustainable trans-
portation. Fujisawa SST has attracted
a younger population (~30% under the
age of 30), located in the popular Shon-
an area with its beaches and within
easy reach of Tokyo and Yokohama.
This has also made it an important
case study for Japan’'s aging popula-
tion. The construction of new housing
complexes for the elderly and the in-
tegration of intelligent healthcare ser-
vices, including telemedicine options,
demonstrate how technology can im-
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prove daily life (Hornyak, 2022). The
concept of ‘machi oya’ or ‘town parent’
illustrates this approach to building
community across generations. The
town is jointly managed by the Fuiji-
sawa SST Council and the Fujisawa
Management Company, which oversee
day-to-day operations, collect data, and
guide the town's development through
regular town meetings and digital
platforms (Wang, 2023). But this also
means that corporate involvement rep-
resents a main element in the town’s
governance.

In addition to these local governance
and community features, environ-
mental sustainability is central to the
community’s design and operation.
For example, homes are equipped with
renewable energy systems (such as
vehicle-to-house [V2H] systems that
allow for charging EVs off solar panels
and using EVs to power homes) and
smart grid technology, reducing depen-
dence on external energy sources and
increasing resilience to natural disas-
ters. Green initiatives are also incorpo-
rated into the overall design of the SST,
with houses, roads, and walkways built
to allow fresh air to circulate through
the city. City planners take advantage
of the region's geographic location
and reputation as a beach town and
promote a “green” aesthetic to attract
young families, such as keeping tele-
communications cables underground,
installing thin-film solar panels on res-
idential balconies, and curating specif-
ic lifestyle books in the community’s
bookstore. Finally, city designers hope
SST will serve as an important innova-
tion hub to foster public, private, and
academic collaboration.

Much of the innovation from Fujisawa
SST comes directly from Panasonic, as
it can implement technologies in the
city before they reach the mass mar-
ket. The city also announced an inno-
vation lab called “Future City Lab," led
by Keio University and designed to con-
nect residents, academia, industry, and
government (PR Times, 2024).

Despite thorough planning and strong
support from the private sector, Fujisa-
wa SST faces significant challenges,
particularly in terms of cost. Develop-
ment and maintenance costs are sub-
stantial, and housing prices are about
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10% higher than the regional average.
City planners will need to address con-
cerns about the model’s scalability, par-
ticularly in regions with limited resourc-
es. The city’s reliance on advanced
technology requires constant updating
and maintenance, creating ongoing fi-
nancial costs, while higher living costs
and technological requirements may
limit accessibility for lower-income
residents, potentially creating social
inequalities. According to a Fujisawa
SST guide during a site visit, approxi-
mately 80% of residents were satisfied
with the city, whereas 20% were dis-
satisfied, most citing strict restrictions
of home design as the source of their
dissatisfaction. Maintaining interac-
tion with neighboring communities to
avoid becoming a gated community
also poses a challenge. Here, sharing
renewable energy resources, engaging
in joint disaster drills, and providing
access to the SST’s welfare facilities
are key mechanisms for fostering in-
tegration with the surrounding areas.
Moreover, previous studies have also
shown that despite extensive data col-
lection and feedback mechanisms pro-
vided to citizens, citizen participation
and stakeholder dialogue to implement
community-related decisions remain
limited (Wang, 2023). Despite these
challenges, Fujisawa SST is a valuable
model for smart city development,
demonstrating how  public-private
partnerships and active community
engagement can create resilient, sus-
tainable urban environments (Hornyak,
2022; PwC, 2021).

Tsuchiyu Onsen. Tsuchiyu Onsen is not
a city, rather, it is a remote foothill hot
springs resort community within the
municipal boundaries of Fukushima
City, Fukushima Prefecture. It had been
an independent village until it merged
with Fukushima City in the 1970s. Like
many other rural parts of Japan, this
small hamlet is suffering from depop-
ulation, with the population dropping
from 380 to 300 residents between
2013 and 2023 (Tsuchiyu Onsen Inter-
view 1,2023).

For the last 1400 years, this com-
munity’s main industry has been hot
spring tourism, specifically onsen (hot
springs) hotels and inns. Onsen boiled



eggs, a popular delicacy, are another
related long-term industry. This com-
munity has turned to renewable energy
to try to revitalize an aging community
whose economy was hit hard by the
Great East Japan Earthquake of March
11, 2011, with five of 16 onsen inns
closing due to a lack of tourists (Rivero
& Inumat, 2024). The local onsen co-
operative took advantage of the Feed-
in-Tariff (FIT) for renewable energy en-
acted in the wake of this triple disaster
and technological advance. Specifical-
ly, it has embraced geothermal electric-
ity generation.

This embrace has set Tsuchiyu Onsen
owners cooperative apart from nearly
all others in Japan, where opposition to
geothermal energy is the norm due to
concerns that geothermal plants dam-
age the hot water resource that onsen
hotels and onsen egg boilers depend
on. According to Sato Yoshiyasu, Vice
President of the Japan Onsen Associa-
tion, “if possible, we want the drive for
geothermal energy developments to
stop” (Japan Times, 2023). Hotel own-
ers have often alleged and worried that
geothermal plants will cause their on-
sen water to go cold, even though there
is little evidence that this is actually
the case (Balmer and Ozawa, 2023). In
fact, the opposition of onsen associa-
tions has been one of the leading ob-
stacles to developing geothermal elec-
tricity in Japan. Given that geothermal,
unlike wind and solar power, is a stable
base load of power and that Japan has
the world’s third-largest geothermal re-
source, Tsuchiyu Onsen has attracted
wide attention domestically and inter-
nationally as a model for Japan on how
the harmonious coexistence of onsen
resorts and geothermal plants can be
achieved (Dickie, 2012; Balmer & Oza-
wa, 2023; Rivera & Inuma, 2024).

The Tsuchiyu Onsen association has
not only tolerated the geothermal plant,
it has been its main investor and the
initiator of the plant since 2012 (Dickie,
2012). It founded a company, Genki Up
Tsuchiyu (GUT), to build and manage
the plant. It turned to new technology,
specifically a binary geothermal plant,
which uses a fluid that boils at a lower
temperature than water to drive the tur-
bine. A binary plant thus needs far less
heat to generate electricity than earlier
technology. The Tsuchiyu plant runs on

steam, and excess water runs off from
a well that supplies hot spring water
to local hotels. The Tsuchiyu plant can
generate up to 440 kw, or 2.6 Gwh per
year, enough to power 800 homes. It
could have been bigger, but a 500 kw
capacity limit on the line linking the
town to the regional Tohoku Electric
Power Company grid caused Genki to
limit the plant size rather than negoti-
ate with Tohoku EPCO to build a bigger
line. Nearby, GUT also has invested in
a small-scale hydropower plant (144
kw capacity; 900 Mwh per year) in the
town, entirely rebuilding a 52 kw hydro
plant that had been shut down when
Tohoku EPCO connected the town with
its regional grid one hundred years
earlier. In addition to the geothermal
plant, GUT uses run-off hot water from
its geothermal plant to run a shrimp
farm. It also runs a cafe where custom-
ers can catch these shrimps for lunch
(Tsuchiyu Onsen Interview 1, 2023).

This cafe, the shrimp farm, and espe-
cially the geothermal plant are featured
as tourist attractions, together with
the geothermal plant. GUT provides
paid tours to 1000 tourists a year on
average, many of whom stay at a lo-
cal onsen inn. Their geothermal plant
and shrimp business has also attract-
ed national and international attention
beyond extensive media coverage, with
two Japanese Ministers of the Environ-
ment visiting, and a delegation from
the International Renewable Energy
Agency (IRENA) paying visits (Tsuchiyu
Onsen Interview 1, 2023). This tourism
strategy can also be seen as a strate-
gy for realizing urban and national en-
gagement. It is less clear whether this
could also be a strategy for attracting
new residents.

The 3-11 Great East Japan Earthquake,
tsunami, and nuclear accident not only
prompted the Tsuchiyu onsen coopera-
tive to search for a way to revitalize the
town and stop its demographic decline,
but it also removed obstacles and cre-
ated opportunities for doing so. Spe-
cifically, requlatory reform after March
11, 2011, allowed for the building of
geothermal plants in national parks
for the first time, and Tsuchiyu Onsen
inside the Bandai-Asahi National Park.
Also, the Feed-in-Tariff (FIT) enacted by
the Japanese government in 2012 for
promoting renewable energy means
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that since the Tsuchiyu geothermal
plan opened in 2015, it has received
40 Yen for each kilowatt-hour it sells to
Tohoku EPCO. After this FIT rate runs
out in 2030 and GUT only receives a
much lower wholesale rate, it is con-
sidering establishing a local electricity
company, purchasing some electric
vehicles for local electricity storage,
and building a smart micro grid for
the community to ensure that more of
its electricity is consumed locally and
to enhance local disaster resilience,
so that this community does not lose
power for several days as it did after
3-11. GUT also has expansion plans,
including an additional 100-kw of geo-
thermal capacity and 360 kw of new
small-scale hydro capacity, but needs
to attract financing (Tsuchiyu Onsen
Interview 1, 2023).

GUT and its geothermal and hydro
plants resulted from community en-
gagement, specifically through the
onsen cooperative, and GUT, although
a for-profit company, does provide for
the community. Specifically, with lo-
cal schools closed due to population
decline, it funds bus travel for local
children to schools outside of the com-
munity. It also covers public transpor-
tation expenses for the elderly. None-
theless, a co-owner of a local onsen
inn complained that GUT should pay
out more of its profits to support the
local community, such as by paying for
the community’s street lights (Tsuchiyu
Onsen Interview 2, 2023). The founding
goals of GUT in 2012 in many ways re-
semble those of a smart city. Accord-
ing to its website :

“1. To build a model future onsen tour-
ism region. 2. To respond to the declin-
ing birthrate and aging population in
society. 3. To create an eco-town using
natural renewable energy. 4. To collab-
orate with industry, government, and
academia.” (Genki Up Tsuchiyu, n.d.,
author’s translation)

GUT thus represents an attempt by a
community, specifically a local onsen
cooperative, to slow, if not reverse, lo-
cal population and economic decline.
To accomplish these goals it has
turned to new renewable energy tech-
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nology, specifically, binary geothermal
technology, along with small-scale hy-
dro, to create an electricity-generating
business and related shrimp farming
and tourism promotion business. It is
now working on expanding its renew-
able electricity business, and in several
years, establishing a smart microgrid
and local power company. Some of its
profits are returned to the community
through subsidizing public transpor-
tation for the old and the young and
providing profit to the onsen coopera-
tive. It is thus an example of promoting
social inclusion and community par-
ticipation from its inception as a local
initiative, through its support for the
young and elderly, and through promot-
ing social links with urban and other
areas. In this sense, GUT can be said
to represent a “smart community,” one
that embodies our policy recommen-
dation about community involvement
and communication.

Japan provides several cases that are
highly informative of the diverse ways
cities implement technologies for cli-
mate-resistant infrastructure. Broadly
speaking, Japanese cities are look-
ing to develop resilient infrastructure
as the country is highly vulnerable to
natural disasters and climate change.
Tokyo, which is usually not considered
a “smart city,” launched its SusHi Tech
initiative, which leverages technology
to build a more resilient infrastructure.
However, climate change does not im-
pact each city in the same way. Coastal
cities are sensitive to rising water lev-
els, whereas historically cold regions of
a country will need to adjust to rising
temperatures and new seasonal pat-
terns. Despite the aggregative dangers
posed by climate change, city design
must also consider a region’s compar-
ative advantages (geothermal energy)
and vulnerabilities (aging and declining
populations). As a result, each city will
need to tailor its infrastructure policies
to its specific economic, political, and
social contexts.

Toyama City, Fujisawa SST, and the
Tsuchiyu Onsen projects demonstrate

just a few of the technologies being
tested in cities across Japan. They
demonstrate how cities can cut costs,
strengthen networks, revitalize econ-
omies, attract residents, and build cli-
mate resilience while tailoring their pol-
itics to specific economic, political, and
social contexts.

Nevertheless, innovation and technolo-
gy are not a panacea for all of Japan's
demographic problems. A drawback
of heavy reliance on technology is that
communities may weaken if in-person
interactions decrease. Using drones,
remote work, and relying on digital
communication may decrease the hu-
man resource requirements to run a
city, but this can increase the sense of
isolation among the elderly.

The challenges of social inclusion and
participation can be addressed with
participatory urban planning. For ex-
ample, one digital twin project in Ja-
pan — Project PLATEAU - generates a
large-scale simulation that can simu-
late various socioeconomic activities,
such as human mobility and economic
transactions so that planners can use
the results for actual urban planning.
However, this simulation is highly de-
pendent on data. Thus, if these activi-
ties are poorly digitized, they are hard
to simulate and include in future urban
planning. Potential subgroups of pop-
ulations at risk of losing from smart
city projects include informal sector
workers, homeless people, seasonal
workers, and foreigners (Haraguchi et
al 2024). These social groups are often
underrepresented in data, posing chal-
lenges for data-driven planning and
smart city development. Nonetheless,
some projects in Japan, such as the
Daimaruyu Project surrounding Tokyo
Station, are beginning to address this
challenge by incorporating these un-
derrepresented social groups in their
smart city project.

Another threat to communities is the vi-
olation of privacy. One of the key goals
of the smart city project in Japan is to
enhance preparedness and respons-
es to natural disasters as the county
is highly vulnerable to disasters. For
example, real-time analysis of human
mobility during disasters would pro-

1 All online references were accessed and available on October 28, 2024.
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vide city officials with valuable insight
into chaotic post-disaster situations
(Haraguchi et al., 2022). To prepare for
this, human mobility data should be an-
alyzed both during disasters and in nor-
mal circumstances. Yet, ensuring indi-
vidual privacy remains a major concern
in various smart city projects world-
wide, and it has been a key factor in
the failure of some smart city projects.
For example, a high-profile project by a
sibling company of Google in Toronto,
Canada, was canceled due to privacy
concerns raised by citizens and advo-
cacy groups (Bilefsky, 2019). Common
privacy concerns include data security,
commercial use of data, government
surveillance, consent and transparen-
cy, data retention, and access, among
others. Approaches to address this
include building trust among citizens
through participation (Lucas and Simp-
son 2024) and using synthetic data
with a task-based approach (Papyshev
and Yarime 2021) and differential pri-
vacy techniques (Savi et al., 2023).

In sum, technology and climate resil-
ience must come second to commu-
nity and good governance. The tools
will not be utilized effectively, and the
objectives will not be achieved if stake-
holders are not fully committed. The
“smart” in smart cities comes from the
people, not the technology.
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Tech Events

2nd International Conference on
Smart Grid and Energy

Hong Kong, China

Contact:

Sara Young

Tel: (00) 1 6193091099 (EN)

Email: icsge_contact@academic.net
https.//www.icsge.org/

International Conference on Disaster
Management

Singapore

Contact:

Conference Secretariat

Tel: +91 8870915303

Email: info@scienceleagues.com
https://scienceleagues.com/events/
index.php?id=2625438

Sustainability Expo Asia 2025
Singapore

Contact:

Joe Panettieri

Editorial Director, Sustainable

Tech Partner

Email: Joe@MentoreVentures.com
https://sustainabletechpartner.com/
event/sustainability-expo-asia-2025/

15th International Conference
on Renewable and Clean Energy
(ICRCE 2025)

Fukuoka, Japan

Contact:

Ms. Penny P. L. Gan

Conference Secretary

Tel: 86-132-9000-0003

Email: icrceconf@126.com
https://www.icrce.org/

15th International Conference on
Future Environment and Energy
(ICFEE 2025)

Sapporo, Japan

Contact:

Ms. Echo Xiong

Conference Secretary

Tel: +86-18117805914
E-mail: icfee@academic.net
https://www.icfee.org/

9th International Conference on Green

Energy and Applications
Singapore

Contact:

Secretary of ICGEA 2025

Email: icgea_secretary@163.com
https://www.icgea.org/

9th International Conference on
Innovation in Artificial Intelligence
(ICIAI 2025)

Singapore

Contact:

Ms. Ashley Liu

Tel: +86-13980894300

Email: iciai2018@vip.163.com
https://www.iciai.org/

6th Asia Conference on Renewable
Energy and Environmental
Engineering (AREEE 2025)
Singapore

Contact:

AREEE Conference Secretariat

Tel.: +86-17311381986

Email: areee@iacsitp.com
https://www.areee.org/

ASEAN Green Hydrogen
Conference 2025

Kuala Lumpur, Malaysia

Contact:

Tel: 6011 5888 3011

Email: isaac@roomofleaders.com
https.//aseangh2.com/

Cleantech Forum Asia

Singapore

Contact:

Cleantech Forum Asia

Email: forums@cleantech.com
https://www.cleantech.com/event/
cleantech-forum-asia/
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Future Energy Asia Strategic
Summit

Bangkok, Thailand

Contact:

dmg events Asia Pacific Pte Ltd

63 Robinson Road, Afro Asia, #08-01
Singapore 068894

Tel: +65 68565206

Email: info@futureenergyasia.com
https.//www.futureenergyasia.com/
conference/strategic-summit/

Future Mobility Asia

Bangkok, Thailand

Contact:

Conference Secretariat

Email: delegate@future-mobility.asia
https://www.future-mobility.asia/

6th International Conference on
Green Energy and Environmental
Technology (ICGEET)

Kuala Lumpur, Malaysia

Contact:

Interglobe Research Network
Tel/Whatsapp: +91-7606986241
Email: igrnetconference@gmail.com
https://www.icgeet.igrnet.org/462/
malaysia/

Energy Asia

Kuala Lumpur, Malaysia

Contact:

Intan Bhaizura

Email: bhaizura@icep.com.my
https://www.officialenergyasia.com/

International Greentech & Eco
Products Exhibition and Conference
Malaysia (IGEM)

Kuala Lumpur, Malaysia

Contact:

Secretariat

Tel: +603-8921 0800

Email: nursyamimi@mgtc.gov.my
https.//www.igem.my/
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