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Korea's Growth Reset in the Trump and CCP 2.0 Era

Robert Atkinson
President, ITIF

ITIF | &lwousrion Founoation
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Korea and Global Economy Face a Fork in the Road

ITIF [ &wovation founnarion 3

China

ITIF | &\Wouarion rounvarion 4
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China’s Advanced Industry Performance

China’s Relative Performance in Hamilton Industries, (2020 LQ)
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China’s Growth in Global Market Share
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China Can Innovate

= 2 Chinese industries Industry Position vs. Leaders  Pace of Progress

are leading-edge {* Robotics Near e Rapid
innovators Chemicals e Lagging e Rapid
= Most are gaining fast % Nuclear ® Ahead e Rapid
" On 3 10-point scale, EVs/Batteries e At Par @ Rapid
from copier to leader: ~ / MachineTools e Lagging ® Rapid
— Mean score =6 ¢# Biopharma e Lagging @ Rapid

— Lagging by ~2 years {@: Semiconductors e Lagging Modest
— With some original & A Near ® Rapid

innovation % Quantum Near Modest
@ Displays Near e Rapid

ITIF | &ovsrion rounarion

The Battle

“Technological innovation has become the
main battleground of the global playing
field, and competition for tech dominance

will grow unprecedentedly fierce.” — president
XiJinping

ITIF | &ihovation rounnation
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America

ITIF [ &ovation founoarion s

Countries’ Relative Performance

Taiwan I 2. 10
Korea I 1.77
Singapore I 1.6 7

Switzerland G 147
1.47
ermany I 130
Japan I .21
Israel GGG 1.16
Sweden GGG 1.15
Malaysia I .14
Austria G 1 .09
Thailand I 1.07
India G 1.07
Philippines GGG 1 .06 m Over-performing
Denmark IS 0.96
Belgium I 0.93
Italy I 0.92
Mexico I 0.88
0.87
Poland I 0.85
Netherlands IS 0.85
Turkey I 0.83
Vietnam I 0.83
Russia I 0.76
France IS 0.69
United Kingdom s 0.67

m Underperforming

ITIF | &Wovarion rounvarion 0
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Explaining Trump

US can no longer afford to be the leader.

= Globalization hurts American workers.

= Massive trade deficit hurts U.S.

» Trade deficit from other nations not playing fair.

= US market is so large US doesn’t need global
market access.

» Tariffs are easier than techno-industrial policy.

ITIF | &wovation rounnario 11

Korea’s New Path? Broad-Based Technological Innovation, Not
Just Export-Led Growth

ITIF | &\Wovarion rounvarion 12
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Reduce Firm Size Dualism

. Value added per employee in SMEs relative to large firms
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Reduce Industry Dualism

Labor Productivity Growth
$180K

$160K

$140K

$120K

$100K

$80K

$60K

$40K

$20K

SOK
2013 2014 2015 2016 2017 2018

= Manufacturing === Services

2019

2020

2021 2022

ITIF|

INFORMATION TECHNOLOGY
& INNOVATION FOUNDATION 14
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The Path to the Path

= Radically reduce small business subsidies and
regulatory protections.

= Software everywhere.

= Shift “positive regulation” and
“shadow regulation” to “permissionless innovation.”

» Scale tech startups.

ITIF | &wovation rounnarion 15

A policy hub linking Korea and the U.S. on emerging tech and
competitiveness

CENTER FOR

KOREAN INNOVATION
— AND COMPETITIVENESS
~

ITIF | &\Wouarion rounvarion 10
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Thank You!

Rob Atkinson | ratkinson@itif.org

ITIF | &wouarion Founoation

@ITIFdc @ratkinsonITIF
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Stephen Ezell
Vice President for Global Innovation Policy
Information Technology and Innovation Foundation (ITIF)
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Repercussions of U.S.-China Tensions for
Korea and Beyond

ITIF-KAIST 2025 Forum on National Strategic
Technology & Innovation

Stephen Ezell
VP, Global Innovation Policy, ITIF

ITIF | &wovation ounoarion @ITIFdc @sjezell

Korea’s (China) Export/Manufacturing-Dependent
Economy

= Korea’s $683 billion of exports in 2024 accounted for 50% of GDP.
= Korean exports to China: 52% of semiconductor exports (62% 2020).
40% of all high-tech exports.

23% of total Korean exports.

= U.S. exports to China: 53% of semiconductor exports (2024).
43% of chip equipment exports.

» China: “Achieve 75% self-sufficiency in semiconductors by 2030.”

ITIF | &i\Wouarion rounoarion 2
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China Seeks to Phase Out Foreign Tech Companies

China Tells Telecom Carriers to Phase
Out Foreign Chips in Blow to Intel,
AMD

Beijing's move s the latest installment in a U.S.-China technology war
that is splintering the global chip industry

SINGAPORE—China’s push to replace foreign technology is now focused on

cutting American chip makers out of the country’s telecommunications systems.

Officials earlier this year directed the nation's largest telecom carriers to phase
out foreign processors that are core to their networks by 2027, a move that
would hit American chip giants Intel INTC-516% ¥ and Advanced Micro Devices
AMD -4.23% ¥ , people familiar with the matter said.

The deadline given by China’s Ministry of Industry and Information Technology
aims to accelerate efforts by Beijing to halt the use of such core chips iniits

China Intensifies Push to ‘Delete America’ From Its
Technology

For American tech companies in China, the writing is on the wall. It also on paper, in
Document 79,

The 20: 2 US.
of the country—an effort some refer toas “Delete A,” for Delete America.

Document 79 h re only shown the

order and weren't allowed to make copies, people familiar with the matter said. It requires

state-owned finance, energy and other sectors to replace foreign software in
their IT systems by 2027

American tech giants had long thrived in China as they hot-wired the country’s meteoric
industrial rise with computers, frware, C to

r drivenby a push for sel ya the country’s
Tong-term security.

The fir ‘makers. Dell, Business Mach d Cisco
ystem: y uch of their y Chinese
competitors.

Document 79, named for the numbering on the paper, targets companies that provide the

Thelikes of inthe field, one of the last

bastions of foreign tech profitability in the country.

The effort is just one salvoina ye by Chinese leads

from critical fighter jets to the

Business | Chippingin

China is quietly reducing its reliance on

foreign chip technology

Firms such as Huawei are cultivating local suppliers

ILLUSTRATION: GUILLEM CASASUS

My Economist v

ITIF | &wovanion rounoarion 3

China Increasingly Developing Indigenous Innovation Capability

Chinese Competitors Will Catch Up Technologically Within How Many Years?

M They already did

Information and communication equipment

Integrated circuits and special equipment
High-performance medical devices

Intelligent manufacturing core information equipment

Within 2 years

Within 5 years

Automotive

Biomedicine

Operating system and industrial software

Aircraft

Within 10 years

M Later than 10 years

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

Source: Rhodium Group, “Was Made In China Successful?”

ITIF | &ovanion rounoarion 4
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How Innovative Is China in Semiconductors?

= Qverall, China is probably 3-5 years behind in semis. ITIF | Sneanon roumaston

. . . . . How Innovative Is China in
= China will add more chipmaking capacity than rest of the Semiconductors?

world combined in 2024; selling legacy chips 30% less.

Chinese competitors stand about five years behind global leaders in high-volume manufacturing
of leading-edge logic semiconductor chips and continue to tral in memory chips and
semiconductor manufacturing equipment, although Chinese firms have made inroads in

= China strongest in design of logic chips for mobile/Al; CXMT D e
. . KEY TAKEAWAYS
and YMTC have fallen off in memory chip sector.

+ China sesks to in all facets of the
simultaneously veducmg A foreign comptitors while zttemptmg o paid
competitive enterprises.

« Chinese “catch up” across semiconductor subsectors is uneven: In the design of logic
= China weakest in semiconductor m fg . equipment an din et e o il enders. U pnans oty by s e

. . . « However, in other subsectors of the semiconductor indusry, notably in memory chips,
semiconductor fabrication. Exports controls have affected. T R e S

*In 2021-2022, 85 percent of glbal semicondictorpatent aplications wee Chincse in
origin (and China's numl led Ame
surpassed U S. and Japanese o ot et glamed in 2022

., . .
= China’s share of global value-added in the semiconductor " B e bt oy s 1 et 40

industry grew four-fold from 2001-2016, 8% to 31%. - Oun s s o do ol e, s ke o

semiconductor industry have spurred a great deal of ingenuity and innovation, but a “go-
it-alone” strategy will be very difficult in such an extramely complex tach ecosystem,

,, : P . ” especially in the face of semiconductor export controls.
Source: ITIF, “How Is China in

ITIF | &\Wouarion rounvarion s

Allied Countries Need to Rearchitect the Global Economic Gameboard

= Half Korean and U.S. semiconductor ITIF | S oieanon recaanon ITIF | oo raunoarion
sales go to China.

. ., . Assessing the Dominican Republic’s
Assessing India’s Readiness to Assume Readiness to Play a Greater Role in Global

a Greater Role in Global Semiconductor Semiconductor and PCB Value Chains
= Need to architect a world where that’s | Value Chains

1 5 - 20% | na d eca d e STEPHEN EZELL I FESRUARY 2024 The Dominican Republic s one of the workds fastest-growing economies, offes perhaps the

ottt usiness orment i Latin Amic,nd s sding conddt o narshred
investments in

India has the potential to play a much more significant role in global semiconductor value et et (e o s, e ke KT s,
chains, provided the government upholds its investment policies, maintains a conducive
regulatory and b , and avoids that create

KEY TAKEAWAYS

KEY TAKEAWAYS + Geapolitical tensions, supply chain disruptions, and rising Asian production casts are

= Because much more of the world’s ICT
goods are being produced in SE Asia, . Consuing o' o nd goving corurad sivss ot s g pr e ———

in electronics production, and global supply chain rebalancing, India should seize this + The Dominican Republic has gronn at an almost 5 percent annual ate over the past half

. . N ‘moment to expand its presence in global semiconductor value chains. tury,
India, Central America, Africa.
* I the next five years, India has the potential to expand its presence in the semiconductor » The Dominican Republic's 86 free zones (FZs), which exempt exporters from paying 100

assembly, test, and packaging (ATP) segment to as many as five facilities and to attract percent of income tax (and a rang of other txes), make the country a regional
fabs producing legacy semiconductors at 28 nm or above. powerhouse i the production and export of electronics and medical devices.

. long exporience insamiconductor desgn, where it accounts for 20 pmem olme Wlds ingboetd for the country geting into <emiconcuctor AT and PGB manufocturin
= UBS: “71% of U.S. companies with e e S

integrated circuit (IC) design workforce, over 125,000 workers.

+ The Dominican Republic’s “Bureaucracy Zero” program, which seeks to enhance public

man ufa ct u ri n g i n C h i nae it h er i n t h e +The semiconductor industry faces a global shortage of talent; the over 800,000 engineers administration effciency through clear and appropriate regulatory frameworks, has

India graduates annually could help, but better courses, training, and preparedness are institutions.
needed, as only a small fraction are industry ready upon graduation

process of or planning to shift - Wit st ekt ot o rdcii S o A S
continue to deepen recent improvements it has made to its business and policy

operations to other countries.” '

ITIF | &i\Wouarion rounoarion s

20




2H1 | 0-F 2S: oh20| i nt SR AAHY

An Allied Approach to Technology Competitiveness

ITIF | 200 Founoarion

Collectively advance the competitiveness of like-
minded nations’ advanced-tech industries through: An Allied Approach to Semiconductor

Leadership

STEPHEN EZELL | SEPTEMBER 2020

1. Coordinated technology development.

iy, and

2. Coordinated ecosystem support.

most important industries, providing
nd

+ The incraasing expansa, complexity, and scala requirad to innovate and manufactura
I the face of
challenges from China, allied caop

ductors i critical

3. Coordinated technology protection.

4. Supportive trade policy, regimes, and practices.

the sector,
mercantilst mear cting considerable damags on the industry, slowing global
semiconductor innovation.

-+ The United States should incraase funding for collaborative, pre-competitive RED and
incentives for greater domesic production.

INFORMATION TECHNOLOGY & INNOVATION FOUNDATION | SEFTEMBER 2020

o

Source: ITIF, “An Allied Approach to

ITIF | &iwovanion rounoarion 7

U.S. and Korea Have Complementary Technological Strengths

U.S. and South Korea’s Relative Performance in Hamilton Index Industries (2020 LQ)

Computers and Electronics 099— 4.23

i i 2.12
Electrical Equipment 0.44

i 1.83
Motor Vehicles e —

Fabricated Metals K 1.83

- f T T P T o777 1.77
Composite Hamilton Index “Haazzzzz2s 4

Machinery and Equipment 0.59— 1.72

1.63

B South Korea
¥ United States
Chemicals

i 1.30
Basic Metals —0.30
i 29
Other Transportation _ 1.40

IT and Information Services

Pharmaceuticals WEESESLO6L . .

o
S
ry

1.47

ITIF | &ovanion rounoarion
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Deepening U.S./Korea Collaboration on Advanced Semiconductor R&D

v ldentify long-term semiconductor sector moonshots and encourage allied
participation therein (with benefits proportionate to investment).

® Develop affordable desktop semiconductor fabrication facilities;
® Beyond silicon: carbon nanotubes or DNA for computation and storage.

v Collaborate to address challenges identified in the SRC-led “Decadal Plan for
Semiconductors.”

= Achieve exponential decreases in compute energy required to execute computations;
®  Address dramatic increase in global data storage requirements.

® Addressing emerging security challenges, from hardware and Al to cloud.

ITIF | &\ovkrion rounoation o

Collaboratively Advance U.S.-Korea Semiconductor Sectors

= Korean semiconductor companies have committed $45B to U.S. semi. mfg.
= U.S./Korean SIAs MOU on bilateral technology cooperation in semis/Al.

= MOTIE has launched four Global Industrial Technology Cooperation Centers.

ONYCREATES BE=haim

Develop joint semi tech hubs, supporting bilateral
research, testbeds, and workforce development.

Advance semi packaging capabilities of Korean SMEs through

b r I d q access to fab facilities and help them enter U.S.

ITIF | &i\Novkrion founnation 1o
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Collaborate to Support SME Manufacturing Digitalization

= U.S./Korea should launch a joint initiative to exchange best
practices/technologies for SME mfg. digitalization.

0Odds of Adopting Digital Tools in Large vs. Small Korean Enterprises

Internet of Things
Cloud computing
CRM software

Big data analytics
Artificial intelligence
ERP software

0 2:1 4:1 6:1 8:1 10:1 12:1 14:1

ITIF

Manufacturing Digitalization:
Extent of Adoption and
Recommendations for Increasing

Penetration in Korea and the U.S.

BY STEPHEN 1. EZELL. ROBERT D_ ATKINSON,
DR INCHUL KIN, AND JEAHAN CHO 1| AUGUST 2018

INFORMATION TECHNOLOGY & INNGVATION FOUNDATION | AUGUST 2018

ITIF|

INFORMATION TECHNOLOGY
& INNOVATION FOUNDATION 11

U.S.-Korea Collaboration in the Bioeconomy

= NSF and Science Ministry launched collaboration on bioeconomy R&D supporting

more than S10M in research collaborations.

= Enhance cooperation on Cancer Moonshot Initiative 2.0, with MOU between U.S.

NCl and Korean National Cancer Center.

= Expand MD-PhD talent exchange programs and cooperation between research
hospitals on cell and gene therapies and treatments for rare diseases.

= Collaborate to develop new technologies for API/generic drug
development through Al-driven continuous mfg. technologies.

Image of a CAR-T cell (reddish)
attacking a leukemia cell (green)

ITIF|

INFORMATION TECHNOLOGY
& INNOVATION FOUNDATION 12
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Coordinate on U.S.-Korea Technology Protection Regimes

v U.S. should work with allies to the maximum extent possible in promulgation and
enforcement of Al/semiconductor/tech export controls.

v Enhance information-sharing efforts to combat foreign economic espionage and
IP/technology/trade secret theft.

v U.S./Korea should launch “Seven Eyes-like” alliance focused on combatting state-
sponsored economic espionage in advanced-technology industries.

v Develop and exchange lists of foreign enterprises/individuals engaged in IP theft
and restrict them from competing in allied nations’ markets.

v Work with like-minded nations to coordinate investment screening procg
add Korea to the list of “excepted foreign states.”

ITIF | &\ovkrion rounnation 13

Deepen U.S.-Korea Trade Relations

v' Commit to at least halving 2024 S66B trade surplus in 2025.

v Resolve digital trade issues: data localization barriers, targeting of U.S. tech
platforms in the Fair Trade Act, foreign access to mapping data.

v Join CPTPP and the Digital Economy Partnership Agreement (DEPA).
v' Collaborate with allies to block Chinese participation in CPTPP/DEPA.

v Expand subsidies disciplines within WTO rules.

ITIF | ovsion rounvaion 14

24
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Thank You!

Stephen Ezell | sezell@itif.org | 202.465.2984

ITIF | &wousrion Founnation @ITIFdc @sjezell
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Advancing U.S.-ROK Cooperation through Strategic
Technology Partnerships

OFAJORHEH St 2t Cha

Kyungjin Song
Country Representative, The Asia Foundation Korea Office
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Advancing U.S.-ROK

Cooperation through

Strategic Technology
Partnerships

02
Kyungjin Song
The Asia Foundation

The Asia Foundation

for

ITIF-KAIST Forum 2025

On National Strategic Technology &
Innovation

May 22, 2025, KAIST

70 Years of Korea-TAF Partnership

[§.=1e1

Establishment of the g —
Korean Foreign 1980s Women’s political
Service Training participation
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Korea’s GDP and Growth Contribution, 2001-24

(%, %p)
I
2001-10
201119 3.1 0.9 1.4 0.8
2015-24 2.5 0.6 1.3 0.6

Korea’s Growth Potential, 2025-50

(%, %p)

- e
2025-30 1.5

2031-40 0.7 1.1 -0.4 0.6 0.6
2041-50 0.1 0.5 -0.8 0.3 0.6
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Reinvent the Economy through Innovation
or

Face Low Growth, Sluggish Economy
(Japanification)

S&T: Essential Component of Balance of Power

Lee Kuan Yew, 2013

“In the old concept balance of power meant largely military
power. In today’s terms, it is a combination of economic and
military, ands | think the economic outweighs the military.”

Dario Gil, chair of the US National Science Board, 2025
“The currency of power is increasingly becoming science and
technology.”
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S&T and Digital Policy Priorities to Tackle Low Growth

Outcome of MSICT Survey (January 2025)

1. [13.8%] Foster national strategic technologies (i.e., Al,
advanced biopharmaceuticals, quantum, etc.)

2. [12.4%] Accelerate acquisition of leading technologies such
as future energy

3. [10.4%] Transition to leading R&D system
4. [9.2%] Cultivate S&T, digital talent/workforce

5. [8.3%] Better treatment for S&T workforce

Competitive Industrial Performance (CIP) Ranking

Couniy 1990 2000 2030 | 2020 zuz2
16 12

Korea 4 4 4
us 3 1 3 6 6
Germany 1 2 1 1 1
China 35 28 6 2 2
Japan 2 3 2 5 8

Source: STEPI Brief Vol. 47, April 21, 2025
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ROK-U.S. Partnership in Strategic Technologies

Al Semiconductors

Robotics

Biopharmaceuticals

Shipbuilding (MRO): ROK-US, ROK-US-India, etc.
Clean & Nuclear energy (SMR, MMR)

Space

[Critical minerals]

Critical Enabling Conditions

Joint R&D: Enhance R&D productivity and technological
entrepreneurship

People-to-people exchange: multi-layered partnerships
Regulatory innovation in tandem with global standards
Jointly establish digital trade rules (eg. DEFA)

Beware of short-termism

32



YH2 | 30| M2|& THELY HH L

aArehL| C},
Thank You.

33






ITIF-KAIST Forum 2025

on National Strategic Technology & Innovation

U.S.-ROK Science and Technology Cooperation / $t-0] 1t&} J|=

Topic Presentation Il / & 3

S 2
H =

.||.

N
)

QIZX|SAICH, AZALSIoI& 2] I

The Value of Humanities, Arts, and Social Sciences (HASS)
in the Age of Al

I-IXHI:“

KAIST Q2 ALS| getarstrstgt

Jaemin Jung
Dean, College of Liberal Arts and Convergence Science, KAIST



2025 4

36

A | ZOPHED|& AR Y

[=]

The Value of Humanities, Arts,
and Social Sciences (HASS)
in the Al Era

Jaemin Jung
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Agustin Rayo
Dean, School of Humanities, Arts,
and Social Sciences (SHASS), MIT

KAIST

When he meets someone new,
the conversation often goes
like this:

“I'm a professor.”

“Which school?” (kind of indifferent)
“MIT”

“Wow! MIT. What do you teach?”
“Philosophy.”

And then comes the confused look...
“Wait... MIT has philosophy?”

Why HASS Matters in the KAIST and MIT

.m

€
HASS

Humanities, Arts & Social Sciences

KAIST

* Humanities & Arts:
Explore the essence of human existence

+ Social Sciences:

Study human relationships and societal structures
+ Science & Engineering:

Discover and invent — for humanity and society

To lead in the Al era, we need more than technical skills.

We need ethics, philosophy, history, literature, and a
broad worldview.

HASS are not just supplements—they are driving forces
for a responsible and sustainable society.

True leadership begins with understanding both
technology and humanity
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Beyond Traditional HASS — Toward Convergence & Impact

“ School of Digital Humanities & Computational Social Sciences
v" Digital Humanities
v~ Computational Social Science
v~ Cognitive Convergence Science (Linguistics & Psychology)

@ Graduate School of Science & Technology Policy

v" History & Philosophy of Science
v Al, Science, & R&D Policy

®J Graduate School of Culture Technology
v Arts, Games, & Culture x Technology
v" Creative Industries

© Graduate School of Future Strategy

v Demographics - Technology - Climate Futures
v" Science Journalism, Intellectual Property, Strategic Foresight

KAIST

EDUCATION: Innovation through Integration

“ True Co-Teaching Across Disciplines
v" "The Human Being in Science and Philosophy”
v" Co-taught for 16 full weeks by a philosopher and a physicist
v" Joint appointments with science and engineering departments for newly
hired faculty

@ Graduate Program Revamp
v" School of Digital Humanities & Computational Social Sciences (2023)
v" About 5:1 graduate admission competition rate
v" A rare success in Korea's declining HASS graduate enrollments

¥ Expanding Learning Opportunities
v" 5 interdisciplinary minors across 4 departments
v" High-quality HASS education for all majors

LU Building a Reading Campus
v" <Book Club> program with students, staff, and faculty
v" School-supported book purchases + reflection sharing
v Annual awards for top readers (individual & group) — President’s Prize

KAIST
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RESEARCH: Breaking academic silos to solve problems together

£ Monthly Convergence Forums
v" Co-presentations by professors across disciplines
v (e.g., STP x Chemistry / Future Strategy x Civil & Environmental Engineering)
v Open to all interested students and faculty

® Collaborative Grants to Expand HASS Funding

¥6B for Climate Change Policy (Hydrology, Politics, Int'l Dev., Urban Design...)
Law x Complex Systems — Post-Al Legal Networks

Journalism x Al — Journalism value based News Recommender

HCI x Music x Cognitive Science — Immersive Sound Experience

Global Health x Climate Change — Al for Refugee Mobility,

ANANENENEN

Industry Collaboration Highlights
v" EBS: Real-time XR performance education platform
v" Samsung: Data-driven organizational culture modeling
v Kakao Entertainment: Deep learning for music tagging
v KT: Human-Al dialogue interaction & sound design
v" Troy / BUEY: IP & metaverse strategy, digital heritage systems

KAIST

Towards a Human-Centered Future in the Age of Al
HASS x Science & Technology

& Today's challenges are complex and uncertain.
v No single discipline can solve them alone.

22 Every issue is rooted in human relationships and society.
v By combining critical thinking and creative imagination with scientific rigor
and technological power, we can build a future that protects human dignity,
democracy, and social inclusion.

%> We pursue open and integrative research.
v" KAIST CLACS and MIT SHASS' Joint Seminar in KAIST (June 13)
v To explore HASS-based S&T collaboration between Korea and the U.S.

There is no one “right” answer to human life.

Everyone’s life is different and every culture has different patterns.
In the age of Al, the value of human insight will shine even brighter.

KAIST
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Towards a Human-Centered Future in the Age of Al
HASS x Science & Technology

Let's make a better future together.

Thank you.

KAIST
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IFIF-KAIST Forum 2025 on National Strategic Technology & Innovation
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ROK-USA Collaborations for Truly Sustainable
Next Generation Nuclear Energy

May 22, 2025

Yonghee Kim
yongheekim@Xkaist.ac.kr

Department of Nuclear & Quantum Engineering

The Future Institute for National Strategic Technology and Policy

Korea Advanced Institute of Science and Technology

Humanity’s Top Problems

Humanity’s Top Ten Problems
for next 50 years

1. ENERGY

2 WATER

3. FOOD

4. ENVIRONMENT

5. POVERTY

6. TERRORISM & WAR
:

8.

9

1

+ Climate change Due to Global Warming
— Al (Artificial Intelligence)

DISEASE
EDUCATION
. DEMOCRACY
0. POPULATION

Unprecedented CO, in Air

) 2003 6.3 Billion People
Richard Smalley (2003) 2050 8-10 Billion People

Everybody’s problem is nobody’s one?

Catastrophe? Adaptation?
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Why Nuclear (Fission)-Renewable (SUN) Synergy?
O Urgent decarbonizaion for human civilization 1802
1600 oo < Othars
1400 e = Capital cost
éo 12,000 Electricity
120 £ oo .
oF ol 13 ) H, production cost
89 a8 - " 8w
.§§ a0 8 o
o8 o 400
©F 6w+ o 2000
00
] i} Tran e ion 0% 0% 0% 4% S%  @x  TX 8% %% 100%
0 85 - :L - P '0 T Capacity factor (% in year) | D
B f 2 P CO, emission @l
& & F & E S -
- ‘p@" 2 & #’ép Renewables Nuclear (PWR)
[ Average Emissionsintensiy . Range Between Stcfes Q EROI (Energy Returned On Invested)
Smaller emission with advanced reactors * 10-day storage & 30% overcapacity g
Q Tripling of Nuclear by 2050 for carbon neutrality g '
* Nuclear load-follow =
" EROI > 10
ENERGY.GOV [Or— encrarcconomr P @ seowsorsmenonr  Q to COITIp| ement ) For Sconomics
. . 2 40
RE’s intermittency §
At COP28, Countries Launch Declaration "
to Triple Nuclear Energy Capacity by
2050, Recognizing the Key Role of Nuclear °
Energy in Reaching Net Zero b, Weissbach et al
C 2 https://sciencedire‘ct.com KAIST

Evolution of Nuclear Power Plant (NPP)

Generation I11+

Generation I
o — Generation Il [
eneration Advanced LWRs

Commercial Power
Early Prototypes

- ABWR

Evolutionary Designs

Generation IV

Revolutionary
Designs

- Safe
- Sustainable

- Economical  Pgssjve

- ACR1000 -
p - CANDU 6 N - Proliferation
&7 - PWRs  System 80+ AP1000 Resistant and Sgfety
- Shippingport - APWR Physically
- BWRs - AP600 - Secure
- Dresden _ CANDU EPR
- Magnox - ESBWR SMR
1950 1960 1970 1980 1990 2000 2010 2020 2030
Gen lli+ ! genv !

Genl Genli Gentil ]
LR )
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Advanced Reactors from TerraPower

We need energy miracle

to solve the climate crisis.

FIRST'U'S MOLTEN
SALT REACTOR??

Traveling wave concept

Natrium system (SFR)

Traveling Wave Reactor (TWR) to be built in Wyoming by 2029 [TerraPower - MCFR]
Nalol
New Perception for Nuclear
 Bipartisan supports for nuclear in USA » Ttaly, Swiss, and Belgium abandoned ‘nuclear phase-out’.
* Trump announces 4 times nuclear expansion. * Denmark & Spain also reconsider nuclear!
yohoo!finance * In Germany, over 55% are pro-nuclear in recent poll and
Big Tech is going all in on nuclear power as nuclear is reconsidered as a possible option.
sustainability concerns around Al grow ) _ ) )
DanilHovdey - Technology Editor » Painful impacts of nuclear phase-out and intermittent
ree—— renewables in Germany

TEC S NUCLEAR BETS * Sweden blames Germany for high electricity cost.

Big Tech hope: w e its Al power problems
ENERGY POLICY | CONFLICT OF INTEREST

Sweden Criticizes Germany on

@ Q Meta Energy Policy as Electricity Prices
Rise

Germany'’s energy policy, marked by the nuclear phase-out, has driven
electricity prices up in Sweden, affecting households and businesses.
Stockholm accuses Berlin of neglecting regional impacts and suspends a
key interconnection project.

MICROSOFT GOOGLE AMAZON

Will got power from Three Mile
sland by 2028

by 2030

yahoo/finance

* ‘Dow Chemical’ for nuclear 3¢ energy

A
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Are We Ready for the Big Nuclear Expansion?

KAIST

» Safety
MA : mll:m;“:cémlldes
Coal (OECD) I 14 i
waste
Natural gas (OECD) I 3
21 generation PWR  [l~0.5
Short-lived
3t geperation PWR  |~0.0008
Solar  |~0.03
Wind (GER) 0.2
-Ferllle Fuel
Wind (UK) H~1
; Fresh Fuel NF
Accident fatality rate by energy source (person/TWh) resh Fue S
Accumulated amount of SNF and
* Accumulation of spent nuclear fuel (SNF) Sstuxation polot of storage tank
+ Difficulty in on-site and interim storages Sie“t F_'ie;solt;'olt(;’;:a || s's:'.éﬁ*
. . . . e, 9
» Long disposal in deep geological repository HWR: ~9,400 tons ::‘ :ig : x
* Limited ‘affordable’ U resource m :::: :: :
% Shin 3,633 FA 2042
* Economics Wolsong
How can we address them all together? Wolsong | 721,920 FA 2037

Trilemma of Current Nuclear Energy

<Reference: Ministry of Trade, Industry and Em ST
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Possible Resolution of Trilemma Using Ultimate Reactor
for Sustainable Nuclear

E. Lee, T. Oh, and Y. Kim, “Breakeven Molten Salt Fast Reactor Based on a Simple Closed Fuel Cycle
for Sustainable Nuclear Energy,” Under review in Progress in Nuclear Energy.

KAIST

Conventional Pyro-SFR TRU Transmutation in Korea

* Proliferation-resistant pyro-processing of spent nuclear fuel to recover ‘dirty’ TRUs (Transuranics)

s Eectrorefiner Cathode Processor
Poduction —
al < Waste volume : 1/20 «= U Recovery
M M Uranium ﬂ/jl Rofabricte < Repository Space : 1/100 «== Cs, Sr Separation
Actinides| ||| Sl for Recycle < Toxicity reduction period : 1/1,000 «= TRU, Tc, | Transmutation
” L J < U utilization : 100 «= SNF recycling

SFR

Fuel] Sal, cd S
Interlm .
P Stnrage [TRu |
Sl G [NobelFps_| 1 JSatsFPs I T
+
Aciides Patcute Trace Actlnlues - E—> U-TRU-2r
Fission Pruducts

Zealle + FPs
[W|
* - TRU (Transuranics] : Pu + MA
Molting Furnace Salt Recycle « MA [(Minor :Np, Am, Cm
CleanupandWaste 9— Zeolite Columns Repository

HighLevel Waste

¢ Collaborative researches with USA over 15 years
* To be finished in 2026.
= Relatively low public acceptance for SFR in Korea

Any other more affordable, reliable, and competitive closed fuel cycles? KAisT
Nal
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Promises and Challenges with MSR

* Motivations for MSRs
* Possible ‘elimination of severe accidents’
due to liquid fuel: LiF-BeF,-UF;, NaCl-UCly, NaF-KF-UF,

e No pressurization & efficient removal of decay heat

* Very limited release of toxic fission products like Cs and I
* No accumulation of spent fuels due to liquid fuel
* Extremely high fuel utilization
= Effective recycling of spent nuclear fuels
* Unparalleled inherent safety

=i

) I

* High thermal efficiency Conventional Thermal MSR

* Possibility of much better economics

* Molten Salt Fast Reactor (MSFR) for sustainable nuclear.

Collector

~——— Draining

shaft

Opening devices

* Major Challenges
* Material corrosion, uncertain salt properties,
proliferation concerns, new licensing philosophy, etc.

Draining
Tank

MSFR

KAIST

Energy Potential of SNF (Spent Nuclear Fuel)

* Spent nuclear fuel (SNF) in Korea
- ~9,000 tons from LWR & ~9,400 tons from PHWRSs

- Equivalent to total electricity in Korea over 300 years

* ~90,000 tons of SNF in USA
- Equivalent to total electricity in USA

over several hundreds years as well!

g TP

* SNF can be effectively reused in fast reactor such as MSFR!

- Resolution of SNF issue and long-term sustainable nuclear

without relying on natural U anymore

KAIST
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Breakeven MSFR (BeMFR) and Associated Closed Fuel Cycle

* Breakeven MSFR (MSFR-B)
- KCI-TRUCI,-UCL,-REC,

* Initial fuel from SNF
- Pyro-processing

Removal of Fission Products (FP)

Y All Chlorination
| (w/o Actinide Separation)

Makeup Fuel |UCI, +TRUCL+RECI,

= Partial fission product removal

* Spent fuel feeding

; I' \= A5
i + i Breakeven
) ) ) L TRUGS-24%) || UCh HTRUCLRECE | oien Sale Fast | Fission Separation of
* Medium to big (3 GW) size power ! + 1 Reactor Product FPs
. {4 REG~5%) [ | FR-B roducts
- Scalable passive safety (R i A Sl -B)
Coolant Salt ~~<mmm=mrm=m==memmmem=e”
oommtEat Initial Startup Fuel He or Ar flow
Zr, Pd, Nd
Utilization

Sr, Cs
(Active Core) E (High-level Radioactive Waste)
Repository

Hea;1 Almost Indefinite operation without producing new spent fuel! !
Exchangey i
! Valuable rare earth (RE) fission products can be used in industry! !

Coolant Salt N’-‘Ii:l 1

Korea-USA Collaborations for Advanced Reactors

* Strong collaborations in basic R&Ds for advanced reactors
- ANL (Argonne National Lab.) - KAERI (Korea Atomic Energy Research Institute) for SFRs
- INL (Idaho National Lab.) - KAERI for pyro-processing e il
: The ongoing 15-year R&Ds for the pyro-processing is to be ended :
in 2026.

* Commercial collaborations for advanced reactor development
- TerraPower-HD group, SK, and others for SFR and MSFR
- Terrestrial Energy with Daelim E&C for IMSR
- ARC with KHNP for SFR
- NuScale with Doosan and a few others for SMR (VOYGR)
- Others
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Possible Strategic Korea-USA Collaborations

The BeMFR could be a strategic approach to address the trilemma in both USA and ROK.
And collaborations are required for the closed fuel cycle for a truly sustainable nuclear.
Several SNF recycling R&Ds supported by DOE
Draft ‘Executive Order’ for nuclear independency

- 4 times nuclear by 2050 & SNF to be reused in advanced reactors

Oil in middle east, while China has RE. (Deng)
“BS0| MRt ACHH, Z20= S| ERIIACHPRB R, PEERL).”

- New supply chain for the rare earth elements dominated by China

Collaborations for BeMFR & simplified pyro-processing in both ROK and USA
- ARDPs (advanced reactor demonstration programs) for SFR & MSFR in both countries
- France & Japan and others can be invited to join the R&DDs.

= Globally sustainable nuclear!

Thank You!
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ITIF-KAIST Forum 2025 on National Strategic Teg

Scalable Graphene Production:
A Breakthrough in Material Innovation

Byung Hee Hong SR oraryens
Seoul National Univ. & Graphene Square Inc.
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Company Overview § GRAPHENE SQUARE

No.1 Graphene Supplier,

GRNAPHENE
SQUNRE

goal of commercializing graphene, the dream material. Employing personnel who are armed

@ Spun off from Seoul National University, Graphene Square is a venture company with the
with unparalleled expertise, we will lead the graphene market of the future.

General details of the company Place of business Shareholder Status (s of 2

Company

Graphene Square Inc
name

Chief Executive . ongam-ro, Nam-
Officer Byung Hee Hong A . IE%

Date . N ° ) .
founded 2012.01.16 | |

Capital ( As of Oc o1%

Number of

taff

Bl C\ cal vapor deposition) Shareholder name Number of shares  share ratio
for graphene

areas Byung Hee Hong and
other special stakeholders

Affiliates -~ a Institutional invest
Status
Other shareholders

Investment attr
action (A ct. 20 Total 2,437,899 100.00%
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Biz Overview
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Next-gen applied products will be developed utilizing graphene's physical excellence

Development plans for applied products

Classification Areas Main

Semi-
conducto

Extreme ultraviolet
pellicle wafer heating

Expected buyer
demand

Semiconductor
related company

Technological characteristics

High EUV passing, uniform heating,
mechanical durabitty, high heat
conductivity

Status

Collaboration with Pohang Accelerator
Laboratory EUV fine and National
Institute for Nanomaterials Technology

2T AXH QF4H7|20] O] FEHHY B4l

GRAPHENE SQUARE

Remarks

2023 1H: PoC planned

Transparent heater
Home

appliance  qncorent display
s combined heating

o1 apparatus

Camera defrost

Initial business
heating

expansion

Windshield

Mobility defrost heating

LiDAR
defrost heating

Home appliance
manufacturer

Home appliance and
parts manufacturers

Parts manufacturer

Parts manufacturer

Part manufacturer

Excellent heating features,
low power

Applied product with
transparent display

Energy-saving, quick defroster
and dehumidifier

Quick energy-saving defogging

Excellent infrared passing

Prototype development complete
and development plans underway

Submission of product proposal
Supplying test samples
Commerciaization and

mass production tasks underway

PoC project underway
(2021.12)

2022: Chosen as one of Time's Best
Inventions of 2022
2023 2H: Product launch

2023: Received CES 2023 Innovation
Award

2024: Mass production planned

2024 1H: 30,000 units contracted
2025: Anticipated contract scale of
300,000 units

2024: Commerclization

Rechargeable

i
battery Current collector

markets

Battery manufacturer

Functionally excellent
long battery ife

Supplying test samples

Procuring applied source patent for graphene utilizing heating,
thermal protection, gas barrier, electromagnetic shielding, etc.

GRNAPHENE
SQUNRE

= CEO of Graphene Square Inc.
= Professor of Chemistry at Seoul National University

= Director of Graphene Research Center, Advanced Institutes of

Convergence Technology, Seoul National University
= Post-Doc., Columbia University (Advisor : Philip Kim)
= Visiting Scholar, Harvard University
= Former CEO of Graphene Square Chemical Inc.

Sty
&

Byung Hee Hong
Founder & CEO

2024: Electrc car battery
appications

GRAPHENE SQUARE

Large-Scale pattern growth of graphene phene films

films for stretchable transparent electrodes

Roll-to-roll production of 30 in
for transparent electrodes

K. S.. Kim et al Nature 457, 706 (2009) S. Bae et al. Nature Nanotech. 5, 574 (2010)

=No. 6 Citation in Materials Science
among the papers published since 2009

=No. 1 Citation in Chemistry
among the papers published since 2009.
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Process Technology

Chemical vapour deposition. Nature Reviews Methods Primers 1, 5 (2021)

Applications . The potential of graphene
Roll-to-roll synthesis has increased thin R Ol |'t0 = R Ol | G ra p h ene P

film productivity >30-fold and is driving the
industrial commercialization of high-quality considerable growth for graphene is expected
and large-scale graphene (for example, for
flexible touch screens or flexible OLEDs). Po-N:v’D p{locn:‘l)als usea

ot Al s Global scale of the graphene market

films to target substrates.

Graphene on

Polymer
A target substrate

~—support

CVD furnace

CVD synthesis of 2D materials with
Hydrocarbon precursors (usually methane) Ve o ors shements (TN
react at high temperature to deposit thin PR hgoant B Mo P08 o))
graphene films on copper foil. pes [foquires comelex solid preoursory;
leaves graphene on and precise phase control, resulting in
Soem e polymer support. challenging CVD growth parameters.
Wk Polymeric thin film CVD synthesis is
solvent-free, compatible with
insoluble macromolecules, and low
temperature. It forms conformal films
‘onfragile substrates including textiles
and plant leaves.

GRAPHENE SQUARE

Sought after in various industries for its physical excellence,

1,600

Nature Reviews Methods Primers volume 1, Article number: 6 (2021) 2026 2027 2028 2029 2030 2031 2032 2033 2034 2035

Process Technology

Roll-to-Roll technology maximizes efficiency in graphene production

CVD thin-film g aphene As of 30 2022 Korea €a
mass production technology a1 & ; Core technology

rights procured
A consecutive process that is similar to
newspaper printing for

M Process

Copper foil pre- Thermal-transfer Copper foil etching Thermal transfer Graphene film
processi film lamination to leave only film heated to transferred
(Washing, heat graphene on the film remove adhesiveness |  onto the target
processing) substrate

R2R Synthesis R2R Lamination

Production efficiency
[ increased by 38 times

| [R2R Rtching/Doping \  ReR Patterniing

continuc

Graphene synthesis
(Graphene single-layer growth)

Large-area

o~ - ———— graphene mass
b \ production
Hexagonal beehive structure formed (graphene growth) y Up to 150,000 ai/h

Carbon precursor dissociates into carbon atoms via copper catalysis Laminating graphene fim on a target substrate

54
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Equipment Technology 3 GRAPHENE SQUARE

Core technology for the mass production of graphene
CVD graphene equipment technology Flake graphene equipment technology

Graphene Air Jet Equipmen
ré > : : "
hBN synth A '\&Iurcduce up to aton a day

= Various chemical functions according to the gas:
TGVD injected

Roll-to-Roll

er

Can synthesize a width of
up to 500 mm

Delivered worldwide » United States Middle East MIT, Harvard, on U, UT Dallas,
Columbia, University of North Texas, etc.

= United Kingdom  Cambridge, Oxford, University of Manch
Y, Orez Universal use
<IhELe e « Europe ETH, IBM (Switzerland), TNU (Norway),
Thailand, s e o Applicable to battery anode materials,

lubricants, reinforced plastics, etc.
* Middle East KAUST (Saudi Arabia) / Technion (Israel)

Enhanced credibility of our in-house technology by delivering it Maximized influence of our in-house
to prestigious universities worldwide graphene technology

Equipment Technology GRAPHENE SQUARE

Roll-to-Roll technology maximizes efficiency in graphene production

CVD thin-film graphene
mass production technology

As of 3Q 2022

Core technology

Registered :
rights procured

Submitted

A consecutive process that is similar to for patent

newspaper printing for

M Process

b

| post.cvb processes of Rar Graphene Production

Production efficiency
increased by 38 times

2920w/

s1.000cm¥/h

Compared to
continuo
13,800

T 1500 e
2inch qinch

(Graphena Synthesis Capablty (cm/h)

1400 meph

—4 e .
—7 ———

So0mm wide RZRACYD
a1 iy Joury RS R raphena square Inc.
V012210 e el iy P, (openesuarein]
ey, 3t (0 0100, Py,

tanf et gy Metsgs oy %

HL
Large-area
graphene mass
production
Upto 0 i/h

Hexagonal beehive structure formed (graphene growth) y a
C i toms via copper catalysis Laminating graphene film on a target substrate

Nature Reviews Methods Primers volume 1, Article number: 5 (2021)
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Quality Assessment

Excellent quality and manufacturing efficiency of roll-to-roll technology

Quality assessment technology applied

Graphene is formed on the copper foil
and the graphene’s coverage is assessed in real-time
Real-time graphene scanning

uses confocal laser microscopy

Ng-range
e lens

The current CVD technology’s limits (flaws due to foreign material input)
areeffectively addressed to improve output quality

Graphene gr

High-quality

graphene production Repetition Continuity Uniformity

W, / reli ability Maintaining a stable product quality Maintaining its quality for a long period Maintaining a certain quality level across
after production the entire production surface

e le T — e
The r ble . » I

techn for the r

production of

thin-film gre

S 8 % s

st s

Pilot Production Line

Pilot R2R Production Line in Pohang (Sensors & EUV Pellicles)

HEAONEE)

2022.11. 14 ]
2HE! QUOIH BREFOI =34 il sitcf

GRAPHENE SQUARE

GRAPHENE SQUARE
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Technology Overview

Developing graphene sensor for medical diagnosis & environmental sensors

Quick diagnosis sensor using graphene-based sensor

About

product Efficient, sensitive, and quick diagnosis

sensor using graphene transistor object of measurement

Versatility
Functional
excellence

Able to develop diagnosis kits
targeting COVID-19 and other
ailments

Higher precision compared to
chemical methods

Shortened time of measurement

Chemical Sensing by Dirac Shift

Status &
plan

P S00ppm b, — RN
—RH

Temo ()

Commercialization
(kmproving the process for mess production) U"'derway

v

w000 8000 Actual mass production of products 2023 ~

Ultra-Sensitive H2 Sensor (Adv. Mater. 2020)

Technology Overview

Functionally excellent EUV pellicle development & produ

EUV pellicle using thin-film graphene

NEEDS 2
Requiring a material with
mechanical durability and

| stability

NEEDS|

ssing temperature

and effectively
discharging orbed

Material attached to the EUV photomask
to prevent harm from intrusion of foreign
matters during semiconductor wafer

production Discharging temperature rise from EUV light absorption

Developing EUV photomask pellicle using Graphene Square's thin-fiim graphene
with excellent transmittan

Status &
plan

v
93%
accomplished

v
Accomplished

v
Accomplishe
d

Potential
Collaborators

ASML PAL? zorsoiaza NINT Uiegeriad

Reference
video

Pellicle
Particulat
e

Lighting
reflection

OFA}

|

2HT AXH

GRAPHENE SQUARE

Analysis of target market for
each product

Scale of the global biosensor market

=

Partial market

Total market

31.5

215

0,64 102

Global bio:

market r market

GRAPHENE SQUARE

Analysis of target market for
each product

EUV lithography market

207

.24

USD Billion
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EUV Pellicle

Atomic Layer-by-Layer Transfer Technology

Dry Transfer

PMMA
Cu-Etching Polymer gioiies
& Transfer Remotal o Orying Rysin Regh
2 PIMA

PMMA e PUMA P
Rl oceene R iscore B tevasise |

Less Ripples
Peel.off_& Residues

No graphene

Poor
Good  Wetting

Graphene on Cu Textures  Incomplete.
Wetting

Wtting

cugtening Sott -
& Tanster proire § G & §  Roleme <

PET/PSA PET/PSA
e e YT MY

ure 1. Schematic representation for PMMA- and PSAF eses. () A wet tanproces sng PMMA supporting oy, The
merphology of he PNIMIA layers s igid snd rverse (o the rough sufce of o, The unmatched morpheloies between PMMA and trgt ifsce
(incomplete wetting) result in o ipples and cars ding the disoltion of PVMA. (1) A dry transfr asing PSAF inchudes the complete
wetting step, where the liquid ke PSA layer \A|\|Vh its morphology to target surface as soft pressure is applied to it

Graphene on Cu Transfer by PMMA TRT PSAF

om

PMMA., TRT., and PSAF-transferred graphene. (a,b) SEM and AFM in hene on Cu, showing
on SI0s, showing PMMA residucs e ples ey tengaed

Figure 2. Comparison betwe
e and target flms at the

periodic steps of Cu. (cd) OM and AFM images of PMMA-transferred grapher
by Cu steps. (6) OM and AFM images of TRT-transferred |.r\pl|\m on SiO,
close to their T, (glas transition temperature) resulted in the o
0, thowing ultracesn surfce without residue

The large thermal deformation of the
¢ of ripples on polymer residues (s ) OM and AFM images of

e
d periodic ripples. The thick ripples originate from the negative

temper:
PSAF-transferred graphene on
thermal expansion of graphene.

Nano Lett. 2015, 15, 3236-3240

Electrothermal Applications % GRAPHENE SQUARE

Transparent heater into products using thin-film graphene

Applicable to home appliances, construction materials,

r ti lopment pl . . ) .
Transparent surface heater | Additional development pla and parts using transparent, wide-area heating materials

High-efficiency, low-power

LiDAR defrost heating
transparent radiator

Defrost heater for cameras
and windshields

Supplying test samples 21 - PoC project underway uction within 2022
Commercialization and 30,000 unit order = Commercialization in 2023 (objective) pment agreement with Korean
in 2023 TH home appli

+ 500,000 unit order

Hvunom

@D HYUNDAI

basic
Windshield
covered in snow

Defrost heater
activation

INNOVATION
AWARDS

Defrost heater
activation

® Utilization :  Potential development of div

58

® Technology : Patented for energy-saving defog
 Durability : between nmm -layer glas
the windshield
e Efficiency : M fficient than tt
air heater method (15 min. — & min.)

Developing heating sensors with
excellent infrared (IR) permeability
for automobiles

products in various sizes
oEco- High-efficiency. low-power heating
friendliness : prodk
o Functionality : Foldable structure for portability
Hologram displz nbi




Electrothermal Applications £ GRAPHENE SQUARE

Transparent heater into products using thin-film graphene

Cooking and heating apparatus using transparent surface heater

About Analysis of target market for

product each product
Gra ph ene Graphene film layered between two glass

boards to make a transparent heating module Kitchen and home appliance market

Novel cooking apparatus using _
graphene-based transparent surface g g "
heater (Time's Best Invention of 2022) — -

TIME

INVENTIONS

CAGR
2022 2873 5.0%

2019 2027

i i 2
Feature Home cooking appliance market

Speed Aesthetics .

200 °C within 70 Refined design Trendy design 3161
sec. (For 200 v) with a slim frame excellent quality oABR

7 6.5%
Convenient Economical

Information Low power
provided via display consumption

Electrothermal Applications GRAPHENE SQUARE

History of Electric Heating

T r——

1910 GE D-12 1913, 1921 Double-side, Pop-up
e (Albert Marsh) 1905 (Copeman, Charles Strite)
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Electrothermal Applications GRAPHENE SQUARE

Homogenous 2D Heating by Graphene

SOoNOUIHWN =

AT <1°C without multi-zone heating
Target T= ~ 250°C, max T = ~ 450 °C

(PoC in progress)

Electrothermal Applications GRAPHEINE SQUARE

Voltage-Dependent Electrical Characteristics

Conduction Convection Radiation
dT(t)
dt

I’R =[m,C, +m,C,)

Al +h)(T()-T,) | HoA(e+&)(T(®) -T*)

Current Density Resistivity Power Density

Current Density (A/cm?)
Restivity(Qcm)
Power Density (W/cm?)

High
Quality

700 150

T00 50
Voltage (V) Voltage (V) Voltage (V)
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Electrothermal Applications

Origin of Red Color Emission

Blackbody Radiation?

Blackbody
Temperature

1300 K

O Graph Values
O Labels
O intensity

) |

Sirius A

Light Bulb

Spectral Power Density (MW/m?/um)

Wavelength (um)
1pm = 1000 nm

https://phet.colorado.edu/sims/html/blackbody-spectrum/latest/blackbody-spectrum_en.html

Electrothermal Applications &8 crnPHENE SQUARE

Magic Mid-IR Windows for Water

Absorption Spectrum of Water

ap Q9 o p

Absorption (1/m)
Enerey Absorpion £

Absorbance, 1 jm

14m 10 pm 100 pm = -
Wavelength IR 0.8:2 ym
T G 1o 7] woR | erm | e

NIR from the Graphene Heater overlaps more with the
absorption of water.
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Electrothermal Applications

§82 crAPHENE SQUARE

Infrared Heating Applications in Food Processing

Available online at www.sciencedirect.com

SCIENCE @mn-cra

Food Chemistry 94 (2006) 489-493

Food
Chemistry

ELSEVIER

www.elsevier.com/locate/foodchem

Short communication

Effect of far-infrared radiation and heat treatment on the
antioxidant activity of water extracts from peanut hulls

Seung-Cheol Lee **, Seok-Moon Jeong ?, So-Young Kim 2,
T \ b
Hac-Ryong Park *, K.C. Nam °, D.U. Ahn
* Division of Food Science and Biotechnology, Kyungnam University, 449 Wolyoung-Dong, Masan 631-701, Republic of Korea
b Department of Animal Science, lowa State University, Ames, 14 50011-3150, USA

Received 9 September 2004; received in revised form 22 November 2004; accepted 2 December 2004

Abstract

The antioxidant activities of peanut (Arachis hypogaea L.) hull extracts were evaluated after far-infrared (FIR) radiation or heat
treatment. Peanut hulls in petri dishes were FIR-irradiated or heat-treated (150 °C) for 5, 10, 15, 20, 40 or 60 min. The water extracts
(300 mg/10 mL) of peanut hulls (WEPH) were prepared and their total phenol contents (TPC), radical scavenging activity (RSA),
and reducing power were determined. The antioxidant activities of WEPH increased as the time of heating or FIR-radiation
increased. When peanut hulls were FIR-irradiated at 150 °C for 60 min, the values of TPC, RSA. and reducing power of WEPH
increased from 72.9 to 141.6 uM 4% to 48.83%, and 0.473 to 0.910, respectively, compared to the untreated controls. Heat treat-
ment of peanut hull under the same conditions (150 °C for 60 min) also increased the TPC, RSA. and reducing power of WEPH
from 72.9 0 90.3 pM. 1.90% to 23.69%, and from 0.471 to 0.718, respectively. The result indicated that FIR-radiation or heat treat-
ment on peanut hulls increased the antioxidant activities of WEPH
© 2004 Elsevier Ltd. All rights reserved

Electrothermal Applications

Hakko Electric Machine Works Co., Ltd.,
Nagano, Japan), which emitted radiation at
the wavelength range from 2 to 14 umin a
FIR-dryer (A-Sung Tester, Korea)

[

Transmissivity

S -

Wavelength (jm)

GRAPHEIE SQUARE

Mid-IR Absorption Spectra of Water & Gas Molecules

,_
13
>

e

Raman signal

—
Tl

Iy

.

=N

. VST,
500 1000 1500 2000 2500 3000 3500 4000
Wavenumber, em”

Wavenumber (cm™)
3600 3400 3200 3000 2800 2600 2400

T T
3200 00
Raman shift o

line strength [cm™

2800 3000 3200 3400 3600 3800 4000 4200 4400 4600

Wavelength (nm)
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$59 GrRAPHENE SQUARE

Transparent Rice
Cooker

For 4~5 persons

400 W

Heating time = 20 min
133 Wh

> 40% Energy Saving

VS.

Induction Cooker

For 6 persons

1000 W

Heating time = 25~40 min
250 ~660 Wh
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cooking is
not just tasting
but watching

INVENTION

« THE BEST INVENTIONS OF 2022

Cooking With Nanomaterial
Graphene Kitchen Styler

raphene is a one-atom thick layer of carbon that is 200 times stronger than

steel and extraordinarily good at conducting heat. But the material, discovered
in 2004, has yet to generate mass-market commercial applications. The South Korean
company Graphene Square is looking to change that with the Graphene Kitchen
Styler, an appliance that heats up to nearly 570 degrees Fahrenheit in two minutes,
with a rechargeable battery pack for outdoor cooking, and is slated for 2023 release.
The device can function as an oven or grill when folded, a two-burner stovetop when
open, or a warming plate. Transparent cook surfaces offer users a panoptic view of
bread toasting (or steak grilling, or cookies baking) to help ensure the perfect level of

doneness.

CONTACT US AT LETTERS@TIME.COM.

INVENTIONS

Innovative

FOODESIGN-ARTECH

TRENDY & PORTABLE

oviding a new experience & elegant cooking equipment on

REAL & ORIGINAL
The world's best technology of Graphene Square Introduces noble
raphene-based consumer electronics 1o be massively used in our real
for the first time
UNIQUE & CRYSTALLINE
Grap unigu frared emission delivered deep into the Ic
d more delicious cooking while looking at it with you

EXPANDABLE & CONNECTED

cordless

You can enjoy the whole cooking process
through transparent graphene heating
windows and stop cooking whenever you
like the color and smell of the food.

64

contact us

+82-31-548-2042
sales.marketing@graphenesg.com
www.graphenesg.com

Business Innovation Center for Advanced Technology,

Cheongam-ro 77, Pohang, Republic of Korea

graphene
cooker

World's First Battery-Powered
Cooker enabled by Graphene

cisl

Invisible becomes Luxuary

GRAPHENE
@ SQUARE
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INVENTIONS

Thermo-graphene™ 3

modules for smart
heaters

The Graphene Radiator is a virtual fireplace that
generates heat from graphene, the thinnest
(one-atom-thick) and strongest material in the
world. Recently discovered, its discoverers were
awarded the Nobel Prize in Physics (2010). And
now, we bring it to use, where heat can be
generated more efficiently with less space and
10~30% less energy. Graphene Heater Modules
can be further used as defrost/defogging
windows for EV, cameras, and LIDAR sensors

GRNAPHENE
SQUNRE

contact us

+82-31-548-2042
sales.marketin
www.graphenesg.com

raphenesq.com

jon Center for A Technology,

Length , Pohang, Reput rea

i Height
Weight "

® Unmet Need

» Need to solve the problem of heat generation, which is directly related to the

decline in the quality and lifespan of electronic devices
- the development of better heat dissipation materials is required as the
electronic devices become nanoscale and integrated

M Status and Plan

Research of graphene heat dissipation film,
securing intermediate materials and raw materials

g

Service project to develop a heat dissipation cable for charging
electric vehicles (Company G)

.

Joint research with Company L / Company S
— heat dissipation film for laptop and TV display applications

i

Establishment of mass production facilities for graphene heat 26 Q4
dissipation film
-

‘ Securing demand companies and producing/supplying heat ‘ SHET

dissipation films

Complete
(23Q1)
mplete
23Q3)

Underway
24 Q2)

A

Al
—

@5 A2 | 2T A YA|S0| 01F FELY o

graphene
radiator

a virtual fireplace with hologram display
and transparent graphene heaters

Invisible becomes Luxuary

GRAPHENE
SQUARE

Applications

Cellphone

U AT MY MY
*( el oEz SEEE

EIEEER  EETTE

w

2019 20234 2019 20234

Ti2:A0|clA ofojHiA
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Cathode/Anode Composite in Batteries

@ Energy density of batteries can be improved due to I:

® Unmet Need

« High capacity and fast charging can be developed through the development of

an anode composite using highly conductive graphene.

+ (Core-Silicon, Shell-Graphene) composite structure can improve electrical :/K\..//,_.“_.\ k ?3’,{(
conductivity, reduce silicon fracture (breakage), and suppress electrolyte side 'y \./ “/4 3 /J Ty
reactions.

vy @sm o wen

M Status and Plan

production with customers

High-speed dry graphene flake production process Complete
development and facilities (22 Q2)
R \

Discussed research and development of batteries using mplete
graphene with company L and Company P 3Q2)

-
Research and development of high-capacity secondary Complete
battery anode composite using graphene 3 Q4)

-
Prototype production, performance evaluation, stability Underway
evaluation (25 Q4)

-
‘ Conduct follow-up research, revise feedback, and discuss ’ 26 Q1~

01. Pohang Graphene Valley
Robust collaborative infrastructure for rapid growth

Pohang Graphene Valley

Building infrastructure for rapid mass production with R&D through research infrastructure for industry-academia collaboration led by local governments

Pohang Graphene Valley

Pohang University of POSTECH
Science and Technology

- Support for graphene research and development

Pursuing international standardization
of applied graphene products and
Pohang City Q h%;\' Research Institute of ~ RIST function analysis of the material
Industrial Science &
Technology - —

Support for buiding graphene - Building a special zone for graphene - Developing graphene mass production
. . Product and materials analysis
material/application mass production - Attracting materials and applied technology

supported using synchrotron
facilt technology companies - Support for building mass production oo %

facilties

Object of
oo Contents of collaboration Projected effects Current status

RIST

Seoul National
University

Company A

Company B n and determined)
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01. Graphene Valley

Industrial Production Factory in Pohang

33,000 m? Factory Site in Pohang

1st Factory (6,600 m?)
Investment from Samsung
+ 0 (60M USD) in 3 years

GRNAPHENE
SQUNRE

THE NEXT |
WONDER

Cutting-edge industrial applications
EUV pellicle application of
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ITIF-KAIST Forum 2025

on National Strategic Technology & Innovation

Key Technology Areas for U.S.-ROK Cooperation
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The Present and Future of Al Semiconductors
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Hoi-Jun Yoo
Director, Graduate School of Al Semiconductor, KAIST
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CPU

Control

GPU
[e] [<] [~<] [#=]

ez

)

Off-Chip
DRAM

[v=] [=] [Fe] [e=]
Off Chlp

+ <10 Processing Cores
+ General Purpose HW
« SW-Programmable

AISG riPIM

- ~1K FP Processors

« Opt. for Matrix
Calculation

+ CUDA Programming

"

NPU

I

Off-Chip
DRAM

+ <10K Integer

Processors

+ Optimized for DNN
+ High Energy

Efficiency

DNN E2 M A{o] wH

QOolE] Xz2| &H&x : CPU << GPU <<< NPU

CPU
o
=]

d

28 H=2a|
X Bandwidth

GPU

V.
* =2

St M2z 2
= Bandwidth

Cie oj2e| 2
a1 Bandwidth

AISG pipim
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2025 IRIS: Szt HFE SoC

Q=HY 7|17| & flt HAIZE 12 01X 28 AHHME[H HET SoC

’ Deform! |
eform! §
ey D, .
Ry ’ ® +

Gaussian
3D Mesh Splatting

Shadowing

Space Perception

Reflect Interaction

VAN
C=[W(0)-Ci

Rendering

L

Gesture Recognition

SCGS Cluster SCGS Cluster
#2 #3

2025 IRIS: Demonstration Video

}| < > 00000 BE <)
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