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Editor’s Message

Since humans-scientifically, Homo Sapiens-appeared on Earth 195,000 years ago,

The year 2021 itself was tough considering the long combat with COVID-19 and the rise

the mankind has evolved throughout the years for better life. We evolved to speak,

of new variants. The unforgivably delayed discussion on climate change and measures

draw, craft, farm, generate culture and many more, including civilizations and

to achieve carbon neutrality will be tougher. However, KISTEP researchers will continue

industrializations. Of course, industrialization came with the consequences, heating

to contribute on enhancing our understandings on climate change and practice what

the globe by 0.2°C every 10 years according to UN IPCC.

we do best-policy planning, technology foresight, feasibility studies and R&D program
evaluations-, oriented towards achieving carbon neutrality by 2050.

Climate Crisis is the problem we have been neglecting for the half century while we
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enjoyed the pleasant ride of modern inventions. Waste, fashion, food, energy and

In the next half century, as much as we breached the duty of protecting the planet,

all of the others will not be free from harming the globe and taking responsibilities.

the mankind will make the best effort to find solutions. We have always figured out

Stakeholders in science and technology-S&T-also assert the importance of acting for

solutions to problems, and we hope KISTEP will take a responsible part of the action.

global warming, and are sharing their expertise and professional consensus with the

The publication of KISTEP R&D and Beyond 2021 is the beginning of our journey in

world.

taking the responsibility, and we hope you enjoy reading the articles.
Thank you.

In KISTEP R&D and Beyond 2021, we have carefully selected articles related to carbon
neutrality and renewable energy such as hydrogen production and offshore wind
power industry. Although the spread of COVID-19 has limited KISTEP researchers from
actively contacting S&T community, we have managed to engage and investigate issues
in-depth with them through online meetings and emails. In addition to the abovementioned articles, the 4th S&T Human Resources Plan, national S&T diplomacy and
government R&D investment directions are included, as well as excellent examples of
applying science and technology to the day-to-day research.
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History

Vision and Strategy

Vision

1987

1993

1999

Establishment of Center for
S&T Policy (CSTP), an affiliated
organization of Korea Institute
of Science and Technology

Reorganized CSTP and
renamed it S&T Policy
Institute (STEPI)

Establishment of KISTEP

JAN.

MAY.

A Global Institute that
Creates Innovative
Values for the Future

FEB.

Mission

2005

2007

2001

Redirected KISTEP’s main
functions to national
S&T planning, coordination
and R&D evaluation

Establishment of Korea
Institute of Human Resources
Development in S&T (KIRD)
affiliated with KISTEP

Reorganized and
strengthened planning
function of KISTEP

JAN.
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NOV.

JULY.

2011

2013

10th anniversary of KISTEP

KISTEP’s affiliation was
transferred to National Science
& Technology Council (NSTC)
from the Ministry of Education,
Science and Technology

KISTEP’s affiliation was
transferred to the Ministry of
Science and ICT from NSTC

2021
OCT.

KISTEP signed an MOU with
KISTEP-KIRD-CIAST-Dankook
Univ. to strengthen industryacademia-research institute's
cooperation

MAR.

2020
JAN.

Relocation to Chungbuk
Innovation City

To create innovative growth engines
through strengthening researches
for policy and preemptively responding
to future issues

Strategy

2009
FEB.

To raise the effectiveness
of R&D investment through
enhancing the specialty
in S&T planning and evaluation

MAR.

2019
FEB.

20th anniversary of KISTEP

Support and
implement policies
that the public can
participate and
understand

Act as mediators
and expand
communication for
the embedment of
policies

Strengthen
strategy researches
and planning to
make a leap forward
as a Think-tank

4 Core Functions of KISTEP
Function 1 Establish National S&T Foresight and Policy Planning
Function 2 Conduct National R&D Program Survey, Analysis and Evaluation
Function 3 Support National R&D Program Budget Allocation & Coordination
Function 4 Conduct National R&D Program Preliminary Feasibility Analysis
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Key Achievements
2021

008

Established 'S&T Diplomacy
Forum' and 'S&T Diplomacy
Academy'

2010

2020

Established ‘The 4th Government
R&D Performance Evaluation
Basic Plan’

2009

Developed ‘The Roadmap for
the Green Technology and the
Industrial Development Strategy’

2019

Established ‘The 2nd Mid- to
Long-term Government
R&D Investment Strategy’

2008

Established ‘The 2nd

2018

Established ‘The 4th
Science and Technology
Basic Plan’

2007

Created ‘The Total Roadmap’ for
Government R&D Programs

2017

Suggested 20 Policy Projects
for STI of New Government

2006

Built ‘Certification System
for Excellence’ in Budget
Management

2016

Ranked ‘Excellent’ in
Mission-oriented GRI
Evaluation

2005

Formulated the ‘National
Evaluation System’ and conducted
‘The 3rd National S&T Foresight’

2015
2014
2013
2012
2011

Announced KISTEP 10
S&T Policy Issues
of 2015
‘The Road to Creative
Economy’ Forum in Celebration
of KISTEP’s 15th Anniversary
Established ‘The 3rd
Science and Technology
Basic Plan’
Conducted ‘The 4th
National Technology
Foresight’
Established ‘The 2nd Mid- to
Long-term Government
R&D Investment Strategy’

2004
2003
2002
2001
1999

Organization

Established ‘The 2nd Mid-to
Long-term Government
R&D Investment Strategy’

Science and Technology
Basic Plan’ (577 Initiative)

Conducted ‘Technology
Assessment’ on the
Convergence of NBIT
Conducted ‘Technology
Level Evaluation’ on 99
Core Technologies
Built the ‘Korea R&D
Integrated Management
System’
Established a Comprehensive
Coordination System for
Government R&D Programs
Launched Survey, Analysis
and Evaluation of Government
R&D Programs

Audit
Office

Auditor

President
Korea
Advanced
Research
Program
Accelerator

Anti-Corruption Team

Project Support Team

Affiliated
organization
Eng - KIRD

Vice
President
PMS
Working
Group

Research
Institute of S&T
Innovation and
Strategy

Center for Standardization Planning

S&T Innovation Network Division
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Center for NTIS

Office of
S&T Policy and
Planning

Office of
National R&D
Coordination

Office of National
R&D Evaluation
and Analysis

Office of R&D
Budget and
Feasibility Analysis

Office
of Planning and
Management

Center
for S&T Policy

Strategy
Center for R&D
Coordination

Center for National
R&D Evaluation

Center for
R&D Feasibility
Analysis Ⅰ

Planning & Budget
Division

Center for Future
Growth Policy
Center for Social
Innovation Policy
Regional S&T
Innovation Policy
Team
Center for
HRST Policy
Center for Technology
Foresight
Center for International
Cooperation Policy

Center for R&D
Investment Planning
Center for Bio &
Basic Science
R&D Coordination
Center for Growth
Engine R&D
Coordination
Center for Big
Science & Energy
R&D Coordination

Center for
Data Analytics
Innovation
Innovation
Center for R&D
Regulation and
Management
R&D Institutes
Evaluation Team
Center for R&D
Performance Diffusion

Center for
R&D Feasibility
Analysis Ⅱ
Center for R&D
Feasibility Analysis III
Center
for National R&D
Budget Strategy

Human Resources
Management
Division
Financial
Management
Division
General Affairs
and IT Division
Facility Operation
Division
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Advancement of a Carbon-neutral Korea led
by Science and Technology
The Science and Technology Policy of
the Moon Jae-In Administration
Current Status and Characteristics of the 2022
Government R&D Budget (Proposal)
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R&D Keypoint

Advancement of a Carbon-neutral Korea led
by Science and Technology

R&D Insight

R&D Inside

R&D Inspire

KISTEP News

R&D Infographic

Global warming is a product of human activities. The earth is now approximately 1°C warmer
than before the industrialization (1850–1900), and the temperature has been increasing by
0.2°C every 10 years. According to the “Special Report for Global Warming of 1.5°C” of the
UN IPCC, the world should achieve carbon neutrality by 2050 to prevent the collapse of
the ecosystem due to the increase in global temperature. Carbon neutrality is a state in
which net emissions are set to ‘0’ by formulating methods for absorbing greenhouse gas
emission as much as possible, that is, net-zero. As can be confirmed by the main indicators,
Korea is one of the Organisation for Economic Co-operation and Development (OECD)
countries with high energy consumptions and carbon emissions. Thus, the damage caused
by climate changes is also increasing. According to a report of the Korea Meteorological

Kil-Woo Lee, Vice President, KISTEP

Administration (2019), the economic losses caused by meteorological disasters in Korea in
the past 10 years have reached 10.7 trillion Korean Won (KRW). The average temperature
in the past 106 years has risen by 1.8°C because of the high proportion of fossil fuels
and the manufacturing-oriented industrial structure. This is the reason why we are often
exposed to the news such as “the highest heatwave ever” and “the largest number of
typhoons in history.”
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Reference: American Council for an Energy-Efficiency Economy (2019), International Energy

1. Why Carbon Neutrality?

Agency (2020), World Energy Council (2020), World Economic Forum (2020), Organisation for
Economic Co-operation and Development (2018)

On October 28, 2020, in his speech on the budget bill at the National Assembly, Korean

Countries have been making efforts to transit from a fossil fuel-based economy to a

President Moon Jae-in made a historic declaration to target carbon neutrality by 2050.

sustainable, carbon-neutral economy by expanding renewable energy, eco-friendly

Seventy countries have declared carbon neutrality, including the EU, the US, Japan (in

mobility, and the transition to a low-carbon emission industry. In this study, we diagnose

2050), and China (in 2060). Awareness about the seriousness of gl obal warming and

carbon-neutral policies in domestic and foreign countries, investment status, and R&D

climate changes have been increasing worldwide owing to destructive natural disasters,

trends and suggest R&D policies and investment strategies to realize the carbon-neutral

such as floods, heavy rains, droughts, large wildfires, etc. The international community has

goals by 2050.

established international organizations in the World Meteorological Organization and the
United Nations Environment Program in accordance with the resolution of the UN General
Assembly and has been opening a forum for discussions.
Discussions in the international community to jointly cope with climate change have
begun in earnest when the UN General Assembly in 1988 decided to establish the
Intergovernmental Panel on Climate Changes (IPCC). The climate change convention was
then adopted at the Rio Environment Conference in 1992. Korea became the 47th country
to join the Climate Change Convention in January 1993, and currently, 196 member
countries are a part of it. Efforts to reduce greenhouse gas emissions have continued
through the 1997 Kyoto Protocol (37 countries, excluding Korea) and the 2015 Paris
Climate Agreement (195 countries, Korea was ratified in 2016).

▶

Carbon emission per capita: ranked 6th in OECD (2017)

▶

Carbon emissions/GDP: ranked 4th in OECD (2017)

▶

Renewable energy generation ratio: ranked 33rd in OECD (2018)

▶

Proportion of coal-fired power generation: ranked 4th in OECD (2018)

▶

Energy-efficiency scorecard: ranked 13th out of 25 in energy-consuming countries (2018)

▶

Energy price: electricity price—bottom 5th in OECD; gas price—bottom 6th (2018)

▶

Energy transition index*: 48th in the world in 2019, 5th among OECD countries (2019)
* Measured by country after considering its the energy system performance (economic development and growth, energy
security/access, and environmental sustainability), and energy transition readiness.
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R&D Infographic

measures have been announced for adapting to climate change, electricity supply and
demand, and basic plans for new and renewable energies (December 2020). The target
has been increased to reduce emissions by 24.4% by 2030 compared to 2017 by achieving

Countries have been announcing the carbon neutrality declarations and related policies

the existing policy goal.

one after another. The Biden government of the United States has set ‘response to climate
changes’ as a major national task and is hastening to re-join the Paris Agreement, and

Referencing the investment plans in major countries, the US has pledged to invest $2 trillion

make federal mandates for the purchase of low-carbon vehicles.

in clean energy infrastructure technology development and related industries in the next
4 years. Finances are prepared through tax increases, such as income tax and corporate

014

1

2

3

Signing an Executive
Order for the return of
the Paris Agreement
on climate change

Signing of an
Executive Order
directing scientific
recovery for public
health, environmental
protection, and
climate change
response

Signing an Executive
Order for dealing with
climate crises at home
and abroad

January 20, 2021

January 20, 2021

January 27, 2021

(Inauguration Ceremony)

(Inauguration Ceremony)

tax, and in addition to the energy and transportation sector, it includes expanding the

4

purchase of eco-friendly vehicles by public authorities and 1.5 million of new eco-friendly

Proposing a science
and technology
innovation plan to
respond to climate
crisis

public housings.

February 11, 2021

At the EU Summit, it had achieved an agreement on the European Green Deal (December,

Carbon-neutral policies in major countries

2019), aiming to achieve carbon neutrality by 2050, and increased the reduction target.
The reduction target will be increased from 40% to 55% by 2030 compared to 1990, and
it will be made legally binding through the enactment of the Climate Law. As a carbon-

Country
Korea

Carbon-neutral Policy
▶ Taken

the first step toward carbon neutrality, announced Korean version of the New Deal
policy (Green New Deal) (July, 2020)

▶

Declaration of 2050 Carbon Neutrality Goal (October, 2020) and announced “2050 Carbon
Neutral Promotion Strategy” (December, 2020)

▶

Finalized the government draft of “2050 Long-term Low Greenhouse Emission Development
Strategies (LEDS)” and “2030 National Greenhouse Gas Reduction Target (NDC)” (December,
2020)

▶

Biden announced the “Clean Energy and Infrastructure Plan” to respond to climate changes
and promote economic growth as a presidential campaign promise

▶

Immediately after taking office, he signed an Executive Order to return to the Paris Agreement
and declared to be a carbon-neutral country by 2050

EU
(European Union)

▶

Announced the 2050 carbon-neutral goal through the Green Deal (December, 2019)

Japan

▶

China

▶

Others

▶

neutral implementation strategy, Japan has established the “Green Growth Strategy to
Carbon Neutrality by 2050” (December, 2020) and presented detailed prospects and goals
for core industries. It has finalized promotion strategies in which the power sector is to be
decarbonized through renewable energies, nuclear power, and hydrogen power as well as
strategies in the non-electric power sector, such as hydrogenation for electricity and heat

USA

demand and CO2 recovery.
After the declaration for carbon neutrality, Korea has presented the basic direction in the
“2050 Carbon Neutral Promotion Strategy” and is planning to materialize the strategy
through each ministry according to the carbon-neutral scenario (Ministry of Environment,

▶ Emphasized

on raising funds to promote public and private investment necessary for the
transition to a climate-neutral green economy as well as a competitive and inclusive economy

June 2021). The “2050 Carbon Neutral Promotion Strategy” is setting the basic direction
from “adaptive reduction” to “active response” to achieve the carbon neutrality goal and is
presenting the “3+1 strategy” (low-carbon economic structure, creation of an ecosystem
for new promising low-carbon industries, process transformation to a carbon-neutral

Declaration of “2050 Carbon Neutrality Goal” (by Prime Minister Suga in a Parliamentary
speech) (October, 2020)

Declaration of achieving carbon neutrality by 2060 (by President Xi Jinping in the UN General
Assembly) (September, 2019)
Enacted the “carbon neutrality” law in six countries, including Sweden (2017), UK, France,
Denmark, New Zealand (2019), and Hungary (2020)

society, and strengthening of the carbon-neutral institutional foundation). Since then,
Reference : “2050 Carbon Neutral,” Korea Policy Briefing (December 21, 2020)
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Description
Investment
scale

EU
(up to 2030)

2 trillion
dollars
(2,300 trillion
KRW)

1 trillion
euros
(1,320 trillion
KRW)

Japan
(up to 2030)
32 trillion
yen
(340 trillion
KRW)

Germany (up
to 30)
50 billion
euros
(68 trillion
KRW)

England
(up to 2050)
12 billion
pounds
(19 trillion
KRW)

R&D Inspire

KISTEP News

R&D Infographic

introducing a carbon tax, with the emphasis on environmental, social, and corporate

Current investment status for carbon neutrality in major countries
USA
(up to 2024)

R&D Inside

governance, which is centered on developed countries. Companies utilizing the carbon

Australia
(up to 30)

neutrality in investment and valuation are increasing. It is reflection of the corporate value
that profits are meaningful only when humankind survives.

18 billion
Australian ollars
(14.5 trillion
KRW)

*The US, Germany, the UK, and Australia only include government budgets, while EU and Japan are based on public/private total
**Investment scale includes not only R&D but also infrastructure construction and support, emission permits, investment funds, etc.

Budget trend for a carbon-neutral R&D in Korea
(Unit: Million KRW [Korean Won] %)

Germany has been promoting the expansion of hydrogen energy (mix portfolios of green
hydrogen, blue hydrogen, cyan hydrogen, and P2G project) among renewable energies.

2020

2021

984,929

1,048,503

1,333,250

1,599,449

14.9

179,124

191,644

225,158

252,865

245,093

8.2

Hydrogen economy

46,237

49,023

65,459

106,495

177,713

40.0

demonstration development of R&D in five innovative fields, such as energy conversion,

Eco-friendly automotive

37,881

41,304

75,322

142,718

173,888

46.4

transportation, industry, household, agriculture, forestry, and fisheries. The Ministry of

Demand management and high efficiency

162,067

163,435

146,496

167,065

230,208

9.2

Ecology and Environment China is planning to introduce a nationwide carbon credit trading

Carbon Capture, Utilization and
Storage (CCUS)

84,480

84,328

86,494

67,285

104,871

5.6

Clean fuel and resource circulation

94,583

88,960

86,543

116,936

137,191

9.7

through the “Innovative Environmental Innovation Strategy.” This strategy specifies the
detailed scenarios and actions in terms of greenhouse gas reduction, contents of technology
development, and technology development for elements for commercialization and
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market to establish a green technology innovation system and will enact low-carbon and
green development-related laws. It is planning to further expand the proportion of non-

2017

2018

Sum

917,804

Renewable energies

Average
annual
growth rate

2019

Japan started the development of greenhouse gas reduction technologies from 2020

Description

fossil energy to more than 70%–80% and invest more than 172 trillion KRW over the next

Source : Science and Technology Ministerial Meeting (March 31, 2021)

30 years to expand wind and solar energy capacity by 100 GW over the next 10 years.
Australia has established the “Technology Investment Roadmap” to reduce greenhouse

Company

Current status regarding promoting carbon neutrality

gas emissions in September 2020 and is planning to reduce greenhouse gas emissions

Siemens

Among global companies, it was the first to declare achieving carbon neutrality by 2030 (2015)

by 250 million tons per year by investing 18 billion Australian dollars in the next 10 years.

BlackRock

▶

Microsoft

▶

Norwegian sovereign
wealth fund

▶

Excluded investments to companies with high carbon emissions through a “carbon blacklist”

British Petroleum,
England

▶

Following the government of each country, companies have been also joining the carbon

As the largest oil company in the world, it declared to change its energy portfolio by investing
in offshore wind power (February 2020)

neutrality initiative one after another. Global companies such as Google and Apple are

Drax, USA

▶
▶

Declared to be carbon negative by 2030 (first declaration in the world)
Intends to utilize technologies for capturing and storing carbon dioxide by using biomass

The trend of R&D budget in Korea to the carbon-neutral sector went from 1.48 trillion
KRW in 2019 to 1.3333 trillion KRW in 2020. The budget has been recently increased to
1.59 trillion KRW in 2021 and is showing a steeper increase than the overall R&D budget
growth rate.

voluntarily participating in RE100, which covers 100% of electricity of the company with

As the largest asset managing company in the world, it declared that it would not invest in
companies that undermine its environmental sustainability and sold bonds and stocks of
companies whose revenues from coal generated more than 25%

Announced investing 1 billion dollars to establish a “Climate Innovation Fund” to develop
carbon removing technology (2019)
▶ Declared to be carbon neutral and negative by 2050

renewable energies. Discussions for introducing a carbon border tax are also in full swing,

Naver

▶

Declaration to be carbon negative by 2040 (first in Korea, October 2020, Korea)

centering on the EU and the US. Carbon border tax is a system imposing a tax when

LG Electronics

▶

Intends to reduce carbon emissions from production to 50% by 2030 compared to 2017

exporting products from countries with weak greenhouse gas emission regulations to
countries with strong regulations, and there is a trend for increasing the consensus for

Reference : Maeil Economic Daily (February 13, 2020), “Sympathy,
” Policy Weekly (January 14, 2021), Climate Change Center Newsletter (January 3, 2021)
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In the sector of renewable energies, solar technology, which has the greatest CO2 reduction
potential, is at a relatively high level; however, wind power has a large technological gap

Reducing costs of energy transition through development of technologies is essential
to achieve the 2050 carbon-neutral goal. Korea has a high manufacturing share and
an industrial structure centered on industries emitting a great deal of carbon, such as
steel, cement, and chemical; therefore, it is very difficult to achieve carbon neutrality
compared to other countries. Additionally, Korea has a limit to acquire stable electricity
from other countries because of the high proportion of thermal power generation and the
mountainous regions accounting for 70% of the land, which makes it difficult to quickly
transit to new and renewable energies.

compared with competing countries. In the hydrogen economy sector, fuel cells are at a
relatively high level; however, infrastructure technologies such as hydrogen production,
storage, and transportation are insufficient. Although some independent technologies
such as small apparatus, sensors, and control have been secured, it has been found that
urgent development of technologies are required, by domestic conditions, for low-carbonfocused industrial core processes. The CCUS sector is also a field that is expected to grow
rapidly owing to the declaration of carbon neutrality in each country; however, it has been
found that large-scale demonstration, securing storage, and early commercialization
technology are required.

According to the results of the “A 2020 Survey for Technological Level in Climate (Carbon
Neutral)” published by the Green Technology Center (March 2021), the US and EU possess
the best technologies in the carbon-neutral field, and the technological level of Korea,
when compared to them, was 80%, and the technological gap was 3 years.

As such, the current technological level of carbon neutrality in Korea is lower than that of
advanced countries, and because the private sector has limitations in promoting it alone, it
is a situation that requires leading investment and full support by the government

Technological levels and technological gaps in the carbon neutral sector
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Description

Korea

China

Japan

USA

EU

Technological level (%)

80

80

90

100

100

Technological gap (Year)

3.0

3.5

1.5

0.0

0.0

4. Suggestion for Policies
Based on the above discussions, suggestions for the direction of R&D policies are presented

Based on detailed technology, electric intelligent apparatus, solar power, and fuel cells

for the realization of carbon neutrality by 2050.

have showed relatively high technological levels; however, geothermal storage; hydrogen
storage; and carbon capture, utilization, and storage (CCUS) sectors showed a technological

First, a mid- to long-term R&D investment plans are needed to accelerate the energy

gap of 3–5 years.

transition toward carbon neutrality and to transform the economic base into a low-carbon
and eco-friendly one. For drawing a consensus on the need for carbon neutrality and

TUpper and lower three sectors of the R&D level in the domestic carbon-neutral technical field
Upper

1

2

3

Sector

Countries
with the
highest
techno
logy

Techno
logical
level
(%)
89.0

Techno
logical
gap
(Year)
1.5

Lower

Countries
with the
highest
techno
logy

Techno
logical
level
(%)

1 Geothermal USA, EU

Techno
logical
gap
(Year)
75.0

Countries
with the
highest
techno
logy

Intelligent
electronic
device

USA, EU

5.0

Solar
power

USA

88.0

1.5

2 Hydrogen
storage

USA

76.5

3.0

USA

85.0

2.0

3 CCUS

USA

78.0

5.0

storage

investment in R&Ds in core technologies, a technology development scenario tailored
to climate change prediction is important. Systematic R&D approaches should be taken
considering the technological maturity, technological level, and market situation of key
technologies in various fields such as energy, industry, traffics, transportation, buildings,
cities, and the environment. The Science and Technology Innovation Headquarters and
Korea Institute of Science and Technology Evaluation and Planning have established
the “2050 Carbon Neutral Roadmap” for this purpose. The task is to discover candidate
technologies in each field, analyze the current situation, select key technologies, and
prepare a roadmap for each technology, which is expected to be completed by December
of this year. It is hoped, if possible, that feasible technological development paths are to
be proposed by reflecting on the demands of the industries.
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Next, inter-ministerial collaboration and differentiating strategies are required. A
cooperative system between ministries is needed in the process of establishing various
policies, such as a technological development roadmap, energy-efficiency improvement,
and R&D investment strategy, to cope with carbon neutrality issues through science
and technologies. Moreover, a differentiating strategy that does not overlap with each
department is also required. Each ministry should pursue differentiating strategies to
achieve national R&D goals, for example, the Ministry of Science, Technology and ICT
conducts challenging source researches has large ripple effects in carbon reduction and
economy, the Ministry of Trade, Industry and Energy accelerates policies for the transition to
a low-carbon industrial structure and energy transition, the Ministry of Land, Infrastructure
and Transport develops carbon-neutral city construction-based technologies and a highspeed rail networks, etc.
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5. Dreaming of Korea as a Powerful Carbon-neutral Nation
For a long time, Korea has been running without a pause with top priorities of industrialization
and economic development. There was a time when the excuse of not being able to be
interested in common issues to humankind, such as climate change, worked. However, the
excellence of K-Quarantine demonstrated during the COVID-19 pandemic has confirmed
that Korea is no longer a chaser but a leader. From now on, Korea should show the world
that it is leading in solving the global problems of climate change and global warming with
a greater sense of responsibility and mission. The Declaration of 2050 Carbon Neutrality
is the starting point of that epic journey. It is time to gather wisdoms from everyone and
move forward together toward being a powerful nation in carbon neutrality.

Third, it is necessary to generate conditions for privately-led industries. Carbon-neutral
projects aiming for commercialization should allow private experts (project managers)
to have the authority and responsibility to flexibly adjust strategies and schedules along
with changes in circumstances. To derive active participation of companies, it is necessary
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to expand the tax credit (20%–40%) benefit to the latest carbon-neutral technologies,
which are currently granted for R&D investments in 223 new growth engines. Further, it
is necessary to reduce the matching burden ratio of companies for governmental R&Ds
by applying the lower limit of 25% for both large-, medium- and small-sized enterprises.
Lastly, cooperation between the government and the private sector is important. R&D
investments for carbon neutrality, which have been strategically promoted by the
government, and technological development for the transformation of private sectors into
low-carbon industries should go hand in hand. In particular, in the industrial structure of
Korea that is centered on manufacturing, R&D policies and investments by the government
should lead to sustainable competitiveness of industries. For example, the government is
supporting the establishment of infrastructures for a smooth supply of hydrogen, and
steelmaking companies are developing a hydrogen-reduced steelmaking process. The
decoupling of the economy and environment should be pursued on the premise of
strengthening the sustainable competitiveness of the country and industries by linking
R&Ds and practical technologies. Secure global competitiveness is required through the
revitalization of R&Ds in the form of flagships centered on the industrialization platform.
Additionally, increasing the proportion of the carbon-neutral budget in the funded projects
is required for enabling the research institutes to develop innovative technologies in the
carbon-neutral field and to support industrial sites.
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Fourth Basic Plan of National Science
and Technology (2018–2022)

Major national projects in science and technology (July 2017)

National project name

Discovering and nurturing
new high-value-added future
businesses

(2018.02)

Jae-In Administration

Science and Technology
ICT Talent Nurture Plan in
Response to the Fourth Industrial
Revolution (November 2018)

National R&D innovation plan
nal competency
Natio

Main points

growth, jobs, quality o
f life
vative
Inno

· Reinforcing science and technology control tower
· Improving a researcher-centered research and
development (R&D) system
· Expanding support for basic research
· Fostering young scientists and engineers,
improving work conditions

Education
system

· Preparing for the Fourth Industrial Revolution
· Establishing 5G and Internet-of-Things (IoT)
infrastructures
· Reinforcing SW competitiveness
· Responding to informatization dysfunction

Politics,
society,
culture

National innovation competency
nnovation sys
nal i
tem
tio
Na

University

Labor
market

· Eco-friendly smart cars
· Pharmaceutical, audio
· Robots, 3D printing
· New industry standards, certification

Implementation Plan for
Innovative Growth
Engines
(May 2018)

Government
funded
agencies

G

lo b

Knowledge,
production,
diffusion,
and utilization

People

Government
and
supporting
agencies

Supply

Regulatory
environment

Demand

Company

strial cluster
Indu

Laying the foundation for the Fourth
Industrial Revolution by becoming a
software (SW) powerhouse in an
information and communications
technology (ICT) renaissance

Second Science and
Technology-Based Master
Plan for Resolving Public
(Social) Issues (June 2018)

1. Human-oriented science and technology policy by the Moon

R&D Infographic

a

Supporting basic research and
young scientists to expand future
science and technology capabilities
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[Figure 1] Major national projects and plans of the Moon administration in science and technology

Creating a self-governing ecosystem
for science and technology innovation
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Fifth Regional Science and
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Master Plan
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technology through the 1997 Kyoto Protocol (37 countries, excluding Korea) and the 2015
Paris Climate Agreement (195 countries, Korea was ratified in 2016).

Human-oriented science and technology is the core philosophy behind the science and

The policy has been carried out over the past 4 years, adhering to the principle that

technology innovation policy of the Moon Jae-in administration. Humans are not only the

science and technology should be for people. In July 2017, following the launch of the

innovators but also the consumers who directly enjoy the results of economic growth, jobs,

administration, four major national plans were established in the science and technology

and improved quality of life. In terms of governance, the Moon administration has placed

field that aimed at the following: 1) creating a science and technology innovation ecosystem

a remarkable emphasis on the importance of people in its overall state affairs. Science

with autonomy and responsibility; 2) expanding future science and technology capabilities

and technology policy is no exception. The National Research and Development (R&D)

through basic research and by supporting young scientists; 3) laying a foundation for the

Innovation Plan that was announced in July 2018 introduced an innovation system that

Fourth Industrial Revolution by becoming a software (SW) powerhouse and initiating an

includes the activities of various actors, such as companies, universities, public research

information and communications technology (ICT) renaissance; and 4) discovering and

institutes, and the public. This showed that each entity can contribute to the enhancement

nurturing new industries that create high added value. To support these plans, the Science

of national capacity by interacting with the internal innovation system and various external

and Technology Master Plan (February 2018) and Fifth Regional Science and Technology

environmental factors through the government and other supporting agencies. It also had

Promotion Master Plan (February 2018), Second Science and Technology-Based Master

the implicit philosophical meaning that the innovation system is not merely an internal

Plan for Resolving Public (Social) Issues (June 2018), Implementation Plan for Innovative

issue that ends within the science and technology world; rather, it is closely related to

Growth Engines (May 2018), National R&D Innovation Plan (July 2018), and Science and

the lives of people, which is why people should always be at the center of science and

Technology ICT Talent Nurture Plan in Response to the Fourth Industrial Revolution
(November 2018) were established sequentially. Moreover, detailed execution strategies

1

This is a summary of the content presented by the first author at a special conference on science and technology at the Spring
Conference of the Korean Association for Policy Studies (April 16, 2021).

were designed. This paper will examine the major achievements of these policies.
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2. Major achievements of science and technology policy
Expansion of government R&D investment and strategic allocation and adjustment
The foundation for an autonomous and responsible science and technology innovation
ecosystem has been reinforced by actively expanding government R&D investment as well
as allocating and adjusting budgets more strategically. The government R&D investment
has reached 100 trillion won, which ranked the fifth largest in the world after the US, China,
Germany, and Japan, representing a 10-fold increase in around 25 years. In particular,
the government R&D investment has increased sharply since the launch of the Moon
administration, approaching 30 trillion won as of 2021. In addition, communication and
cooperation channels between ministries are open owing to the revival of the Science
and Technology-Related Ministerial Meeting. In these channels, the current major issues
such as 6G, COVID-19 responses, and artificial intelligence semiconductors have been
discussed. In addition, in the immediate response to Japan’s export control in 2019, the
government has expanded strategic R&D investment in the core materials, parts, and
equipment industries; R&D Investment Strategy for Materials, Parts, and Equipment
(August 2019) and R&D Advancement Plan for Materials, Parts, and Equipment (October
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2020) have been established to achieve self-sufficiency in core technologies for the sake of
economic security. Specifically, these projects have promoted increases in R&D investment
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Innovation Act was enacted and implemented while research support systems were being
integrated. In addition, the efficiency of research management has been reinforced by
reorganizing the relevant institutions; moreover, the preliminary feasibility study system
for R&D has been reorganized, and the expertise and autonomy of government-funded
R&D institutes have been promoted. In particular, the National R&D Innovation Act
lifted the administrative burden by consolidating the existing 264 R&D regulations for
each department into a single rule. At the same time, autonomy and accountability were
increased by implementing stricter sanctions for R&D misconduct. As for the research
management system, the existing 17 systems have been integrated into two systems, and
more than 50 existing project support/researcher information systems will be integrated
into a single system. Furthermore, systemic and institutional improvements have been
made to reflect the needs of the research field. Some examples include establishing a
plan to increase the efficiency of research management institutions, shortening the period
required for preliminary feasibility studies of R&D projects, and increasing the degree of
the scientific and technological feasibility of basic research among survey items. Other
notable results include re-establishing and reorganizing the financial structure of R&R by
the government-funded institute, separating the operations of research and management
evaluation by reorganizing the institutional evaluation system of government-funded R&D
institutes, transferring common administrative functions for the sake of efficiency, and
improving the administrative system of the government-funded R&D institutes.

[Figure 2] Overview of research and development investment strategy in materials, parts, and equipment

Expanding support for basic research by fostering young scientists and engineers
Securing core technologies through strategic research and development (R&D)
investment in the core products of consumption, parts, and equipment

R&D Investment Strategy for Materials,
Parts, and Equipment (September 2019)

Response to Japan’s
export control

R&D Advancement Plan for Materials,
Parts, and Equipment (October 2020)

Efforts are being made to become
self-sufficient in core materials
and parts technology
in relation to economic security

and improving working conditions
The foundation and base of basic research have been greatly strengthened. The researcherled basic research budget has been significantly increased from 1.26 trillion won in 2017 to 2.5
trillion won in 2022. In addition, a student-tailored incentive portfolio (stipend) of 1 million won
per month was introduced to ensure a stable minimum living cost, and an additional monthly
average of 450,000 won was provided depending on research performance, etc., to foster

R&D investment
0.95
trillion
won

2019
’

Three essential materials

100 key products

2.1
trillion
won

young scientists and engineers and improve their working conditions.
A research safety net for basic lifelong and rebound research that creates an environment
wherein researchers can continue their research was established while enabling follow-

2021

Securing supply safety (by 2020)

Domesticating15 products (by 2021)

Expansion of domestic
production, diversification of
import channels, etc.

up support for new, middle, and mid-end stages up to 15 years, with 5 years of support

New R&D, the demonstration of
existing technology, etc.

for each stage. Furthermore, the administration provided research funds by establishing
a First Innovation Laboratory, expanding support for the first research endeavors of young

Improving a researcher-centered R&D system
Policies to simplify administrative processes in the research field have also contributed to
research performance. To establish a researcher-centered R&D system, the National R&D

researchers. In addition, as of 2021, the Sejong Science Fellowship has been established and
intends to support 300 postdoctoral researchers with 100 million won for each researcher over
a period of 5 years.
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[Figure 3] Outline of researcher-led basic research budget expansion and nurturing and improving
young scientists and engineers, including their working conditions
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nurturing innovative growth engines were proposed regarding intelligent infrastructures,
smart mobility, service convergence, and industry bases. Moreover, the administration
promoted early commercialization via demonstrations and planning support. In addition,

Expansion of support for researcher-led basic research
Support for researcher-led basic research doubled

1.26
trillion
won

2.5
trillion
won

2.35
trillion
won

1.71
trillion
won

preemptive policies were proposed to control, regulate, and improve innovative growth
engines such as drones, virtual and augmented reality (VR/AR), and intelligent robots.
Furthermore, a total of 51 regulatory sandbox review committees have been held to
approve 410 special cases in total, wherein the government supported the testing
and reviewing of new products and services. Finally, the number of newly established
corporations has continued to increase owing to the largest venture investment ever and

2017

2018

2019

2020

Fostering young scientists and engineers, improving their work conditions
Introduced the student-tailored incentive portfolio (stipend)

Support with a stable
minimum cost of living

Basic support with
1 million won per month

＋

the creation of a startup ecosystem.
[Figure 4] 13 major innovative growth engines

Intelligent infrastructures

Smart mobility

Differential support based
on research performance, etc.

Additional monthly
support of 450,000 won

Service convergence

Big data (D)
Opening and
utilizing big data

Personalized
precision medicine

Development of
semiconductors
for AI

Smart cities

High-tech
materials

Self-driving cars

Strengthening the foundation of the Fourth Industrial Revolution by commercializing
5G for the first time in the world and expanding R&D for artificial intelligence (AI)

Next-generation
communication
(N)

Level 3 self-driving
vehicles

renaissance. The country commercialized 5G mobile communication for the first time in the

Artificial
intelligence
(AI) (A)

world (April 2019) and took the lead in 5G quality by ranking top in 5G network quality in

Developing AI
core technology

2020 according to Omdia. In addition, the R&D investment in AI has significantly increased

Reduce urban
problems

Virtual and
augmented
reality (VR/AR)

5G,
IoT commercialization

and big data
South Korea has laid a foundation to become a SW powerhouse and ensuring an ICT

Intelligent
semiconductors

Personalized
healthcare

※Trials with technology-specialized universities and expansion
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Industry bases

Convergence of
individual
industries and VR/AR

Drones
Distributing public
and industrial drones

Aviation parts,
automobile
weight reduction

Innovative
new drugs
Developing
100 candidate
substances

Intelligent
robots

Renewable
energy

Medical and safety
service robots

Expanding the share
of renewable energy
(0% in July 2017→10.5% by 2022→20% by 2030)

from 130 billion won in 2016 to 597.8 billion won in 2020, while a more concrete strategy
was proposed via the AI National Strategy (December 2019) to strengthen competitiveness.
In addition, the Data Industry Revitalization Strategy (June 2018) and Three Data Acts
Amendment (February 2020) were established to advance the industry systematically
through data collection, distribution, and utilization. Owing to these efforts, the big data
industry has witnessed an exponential growth, with a threefold increase since 2017.

3. 
Changes

in the domestic and international innovation

environment

Discovering new innovation growth engines, introducing regulatory sandboxes, and
revitalizing venture investments

Environmental changes owing to the COVID-19 pandemic

The administration has been putting effort into finding and developing innovative growth

In establishing policies for science and technology innovation, it is important to consider

engines, introducing regulatory sandboxes, and revitalizing venture investments to discover

and adapt to domestic and foreign environmental changes. The COVID-19 pandemic has

and foster new high-value-added industries for the future. For instance, 13 strategies for

been unprecedented and has significantly impacted the policy environment. Such impacts
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have not only affected the innovation system but also the overall lifestyle of people. Above

of 2017 by 2030 (December 2020). This strategy aligns with US President Biden’s strategy.

all, the pandemic accelerated the pace of the Fourth Industrial Revolution. The digital

The Biden administration, upon its commencement, put forward energy transition as a

transformation has been accelerated along with the crisis; contactless purchases and

major national policy, rejoining the Paris Climate Agreement and establishing a goal of

services have become a new normal to avoid the risk of infection, facilitating the transition

zero carbon emissions by 2050. The government also announced the investment of $2

to a contactless society. Regarding the industrial side, interests in bioscience fields and

trillion in constructing eco-friendly infrastructure over 4 years. Such decisions constitute

aspects, such as diagnostic kits, medicine, and vaccine development, have increased

an attempt by the US to take the lead in environmental initiatives that have been led by

dramatically and serve as both challenges and opportunities. In addition, the awareness of

Europe and comprise a preemptive strategy to secure competitiveness in new growth

risk response has increased drastically as black swan events happen more frequently than

engines for the future. The Moon administration has been making efforts to preemptively

not on a global scale. Moreover, in the global community, nationalism has been on the rise

respond to these changes regarding energy transition in the US by regulating the fossil

as countries have prioritized their nationalities while responding to the COVID-19 crisis.

fuel industry and investing in new industries.

Intensifying competition for technological hegemony between the US and China

[Figure 5] Changes in major innovation environments at home and abroad

The competition for hegemony between the US and China, which began during the

Digital transformation accelerated by COVID-19

Changes in demographic structure (a low-fertility, rapidly aging society)

Trump administration, intensified through the pandemic and continued with the new
Biden administration in the US. Thus, uncertainty regarding the global value chain has
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of Building Resilient Supply Chains, Revitalizing American Manufacturing, and Fostering
Sessions to get ahead of the US by 2035 (March 4, 2021, Kookmin Ilbo). The intensifying

470

500

COVID-19
pandemic

affected by this competition. Immediately after taking office, President Biden began

Broad-based Growth (February 25, 2021). Xi Jinping launched a long-term plan in the Two
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also increased. South Korea, which has an export-oriented economic structure, is directly
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Time

■

Intensifying competition for technological hegemony between
the US and China (the number of top 10 high-tech patents)

Total fertility rate
(number of people)

Number of new babies
(in thousands)

Percentage of the
population over 65

Response to global climate change and carbon neutrality

competition for hegemony between the two major pillars of the global economy is
· 2050 Carbon Neutral Strategy (December 7, 2020)
· Goal to reduce greenhouse gas emissions by
24.4% of 2017 total emissions by 2030
(December 2020)

expected to reorganize not only the international trade environment but also the overall
international order. The US–China rivalry is underpinned by the prospect of China becoming
an economic powerhouse that surpasses the US in terms of GDP by 2024; consequently, a
sense of crisis is growing in the US.
Korean New Deal and 2050 Carbon Neutral Strategy
In such an environment of increasing uncertainty, the Moon administration tried to turn

· President Biden rejoins Paris Climate Agreement,
,
targets zero carbon emissions by 2050
· Two trillion dollars’ worth of investment to build
eco-friendly infrastructure over 4 years
Ai

Quantum Regenerative Self-driving
computers
medicine
cars

Blockchain Cybersecurity

VR

Lithium-ion
batteries

Drones

Conductive
polymers

※ Source: Analysis of competition for hegemony between the US and China over
high technology (Korea Institute for Foreign Economic Policy, June 24, 2020)

risks into opportunities with the Korean New Deal and 2050 Carbon Neutral Strategy. The
administration has proposed a plan to create 550,000 jobs by investing 5.1 trillion won in
2021 and 31.3 trillion won by 2023: specifically, 13.4 trillion won in the Digital New Deal,
12.9 trillion won in the Green New Deal, and 5 trillion won in the employment market.
President Moon Jae-in announced in his address in the 21st National Assembly For Budget
(October 28, 2020) that he would work with the international community to respond to
climate change and move forward with the goal of becoming carbon neutral by 2050.
Accordingly, the government announced the 2050 Carbon Neutral Strategy (January 2,
2020) and set a goal to reduce greenhouse gas emissions to 24.4% of the total emissions

National R&D reached 100 trillion won, calling for a paradigm shift in science and
technology policy
Amid the COVID-19 pandemic and the competition for hegemony between the US and
China, the role and importance of science and technology innovation policies has been
expanding. More investments in science and technology lead to more expectations for
performance. In particular, as the national R&D investment reached 100 trillion won, there
has been increasing demand for a change in the science and technology policy paradigm.
First, there is increasing demand to improve people’s quality of life and to help resolve
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social problems. Thus far, South Korea’s science and technology policy has focused on
R&D investment to support economic development; as of 2018, the R&D investment that
focused on economic development made by the South Korean government accounted
for 49.3% of its investments, which is a higher percentage compared to other major
countries. Considering that the private capacity and volume of investment have increased
significantly, the national R&D investment needs to turn its direction to prioritize public
safety, improve quality of life, and address social problems.

Words that describe the best of an ideal country of
scientific and technological development (%)

■ 2019

■ 2020

3.6
More equal

More open
Source: STEPI (2021), Outlook 2021

R&D Infographic

The Moon administration has been able to create meaningful results through active policy
implementation. In particular, the administration put in significant efforts to turn risks
into opportunities by responding quickly to unprecedented events such as the COVID-19
pandemic. However, crises will arise again, and there will be opportunities to be seized in

[Figure 8] Overview of future policy directions
Creating and diffusing visible performance in
national research and development (R&D) projects

· Securing technological sovereignty to survive in a
technological cold war

and to take a risk-taking and innovative approach. To initiate a more innovative and risk-taking

· Inclusive scientific and technological innovation to
resolve the social gap

respond to climate change
· Promoting smart manufacturing and contactless

· Nurturing a growth ecosystem for innovative
ventures and startups to create jobs

industries for digital transformation

In addition, it is necessary to overcome the limitations of following other major R&D subjects

· Mission-oriented R&D innovation to solve social
challenges

· Reinforcing carbon-neutral innovation capacity to

· Establishing science and technology-based crisis
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4. Future policy direction

Establishing and implementing strategies to
respond to changes in the global innovative environment

22.0
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regard, several policy directions for the future are proposed as follows.

33.9

Safer
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the future. Accordingly, we need to be prepared for these changes to move forward. In this

[Figure 6] Growing public perception of scientific and technological development

40.6
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· Strengthening regional-led innovation capabilities
to expand regional growth potential

response systems for the future

Continuously building a robust science and technology innovation ecosystem

approach, the administration amended the Framework Act on Science and Technology (June
23, 2021) to establish policies to promote, support, and revitalize challenging R&D projects,
introduce competitive and deferred-type R&D projects, and lay a foundation for the national
R&D continuation fee. Furthermore, it is also necessary to support the 40,000 techno-innovative
SME corporate research institutes to take challenging R&D projects and ensure their qualitative

· Settling the national R&D innovation law early and improving the system continuously
· Expanding innovative and challenging R&D and Loonshot projects
· Securing and nurturing key scientific and technological talents in a
low-fertility and aging society
· Revising Science and Technology Act to the Science and Technology Innovation Act

growth. An integrated innovation policy is also a must in addition to R&D support. The scope
of the government R&D investment and research should encompass innovation policy areas
such as industry–university–research cooperation and regulatory improvement. Innovation

Establishing and implementing strategies to respond to changes in the global innovation

policies should be centered on R&D and researchers and should expand to encompass all

environment such as intensifying competition for technological hegemony

levels, innovation systems, and innovation actors to serve people.

First and foremost, it is essential to establish and implement a strategy to respond to
changes in the global innovation environment. Efforts to secure technological sovereignty

[Figure 7] Implementation of integrated innovation policy

for competitive technologies such as semiconductors, batteries, and secondary batteries,

Global innovation

Expanding
innovation
policy to
serve people

Local/social innovation
Innovation growth engine
Research and development (R&D)

in a technological cold war should be prioritized. In addition to the super-gap strategy
we need to consider a strategy that seeks cooperation through partnership in the field
of bioscience, 6G, and quantum technology, where competition is fierce. Furthermore,
to strengthen the carbon-neutral innovation capacity in response to climate change, the

Researcher,
R&D-oriented
policy
University

Government
-funded
R&D institutes

government should establish and implement a comprehensive roadmap for carbon-neutral
Enterprise (Large/medium/small ventures)

People

technological innovation as well as promote and establish infrastructure to encourage
decarbonization and investments in relevant technologies. Moreover, the government
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should promote the advancement and spread of 5G smart factories that utilize AI, digital

high-skilled individuals, and international resources should be supported and tapped into.

twin technology, etc., to “smartize” the manufacturing industry and vitalize contactless

Innovative and challenging R&D projects and Loonshot projects in science and technology

industries. The government should also provide R&D support for contactless industries

should also be expanded. In particular, we need to ensure that the national R&D is allocated

such as telemedicine, education, and finance and bring innovation into the relevant

to innovative and challenging projects every year, and this should expand gradually; the

regulations. Furthermore, to establish a science and technology-based crisis response

government should encourage universities or government-funded R&D institutes to take

system, the government should establish a digital monitoring and warning system using

challenging R&D projects by providing support or offering project-related opportunities.

AI and big data and conduct research to predict national crises (X-events).
Creating and diffusing visible performance in national R&D projects
It is necessary to create and diffuse visible performance in national R&D projects. In this
regard, mission-oriented R&D innovation that addresses social difficulties is required.
Some of the major social problems such as infectious diseases, climate change, and fine
dust should be addressed by planning and promoting mission-oriented R&D projects.
Therefore, the current 1.6 trillion won R&D investment on social problems should be
doubled for the next 5 years. In addition, efforts should be made to reduce the social
gap through inclusive scientific and technological innovation, so that the outcomes will
be more visible to the public. For example, the government should strengthen the role
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of science and technology to resolve social gaps i.e., digital education and medical gaps,
and to support the digital transformation of SMEs to close the smart work gap between
large and small businesses. Some other examples include creating an innovative venture
and startup growth ecosystem and increasing investment rate by expanding government
R&D support linked with venture capital and angel investment and raising the volume
of R&D support by introducing investment, loans, and contributions. Finally, regionalled innovation capabilities should be strengthened to expand growth potential. To this
end, it is necessary to reorganize the regional innovation business structure so that local
governments can plan and promote and build an AI convergence innovation cluster with
regional specialties in automobiles, energy, and healthcare.
Continuously building a robust science and technology innovation ecosystem
A robust science and technology innovation ecosystem should be promoted continuously.
The government should implement early policy and continuous institutional improvement
with respect to the National R&D Innovation Act. In addition to the distribution and
dissemination of standard manuals related to the implementation of the Innovation Act,
the government should promptly respond to online field inquiries and attempt to discover
and reflect system improvements centered on field researchers. Moreover, it is necessary
to secure and nurture key scientific and technological talents given both the aging and the
low birth rate of contemporary society. To this end, digital, bioscience, and green talents
should be nurtured, and potential scientific and technological talents including women,
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capabilities for crisis response, economic recovery, and vitality enhancement, leaping
into a leading country by creating opportunities and strengthening future innovation
capabilities. Korea's government budget planning in 2022 is as follows: health, welfare,
and employment account for 216.7 trillion won; general and local administration accounts
for 96.8 trillion won; education constitutes 83.2 trillion won; defense makes up 55.2 trillion
won; industry and small- and medium-sized enterprises comprise 28.6 trillion won; R&D
totaled 29.8 trillion won, and SOC denotes 27.5 trillion won. The growth rate over the
previous year was 16.8% for education; 14.3% for general and local administration; 12.4%
for the environment; and 8.8% for R&D.

Seung-su Jun, KISTEP
Dongheun Ha, KISTEP

[Figure 1] Status of Major Policy Investment in Government R&D Budget (Proposal) for 2022.2

27.4 trillion
KRW in 2021

8.8% increase compared
to the previous year

29.8 trillion
KRW in 2022

Major R&D 24293.7 billion KRW/General R&D 5506.9 billion KRW
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Crisis overcoming &
economic recovery

1. Overcoming

the COVID-19 Crisis and Transitioning to a

reinforcing infectious disease
response capabilities 0.51 trillion KRW

3 Key industries for innovation and
growth 2.59 trillion KRW

strengthening competitiveness of materials,
parts and equipment 2.28 trillion KRW

- Biohealth 1.89 trillion KRW

Digital New Deal (facilitating conversion)
1.7 trillion KRW

- System semiconductor 0.44 trillion KRW

Leap to a leading nation in S&T

Leading Country, '22 Government R&D Budget (Proposal)

Improve quality of life through inclusive innovation

2050 Carbon neutral technological innovation 1.93 trillion KRW
Space technology 0.64 trillion KRW

Since the World Health Organization (WHO) declaration of the COVID-19 pandemic (March

- Future vehicles 0.47 trillion KRW

Strengthen SMEs' innovation capacity 2.53 trillion KRW
Manpower training 0.67 trillion KRW
Disaster safety 1.74 trillion KRW

Researcher-led basic research 2.55 trillion KRW

12, 2020), more than 220 million people worldwide have been confirmed infected, and

International Cooperation 0.58 trillion KRW

more than 4.5 million have died. Although the number of vaccines administered worldwide
has exceeded 5.3 billion, the third pandemic continues because of mutations in the virus.

This budget compilation is seen as resulting from and as reflecting inclusive recovery and

Global economic and social risks are becoming more diverse and complex because of

the leap forward for the post-COVID period, visualizing the performance of the Korean

the increase in environmental disasters caused by the global economic downturn and

version of the New Deal, preparing for the future, and recovering active fiscal foundation

climate change. Now is the age of the advent of the risky society and the era of daily

and a sound financial as the basic direction of government finance. In particular, the role of

crisis. Recently, the Ministry of Economy and Finance submitted the '22 government

science and technology and the enhancement of research and development are confirmed,

budget proposal to the National Assembly. The total budget of the government in '22

important factors in the 13 major investment focus areas. These include the creation

was 604.4 trillion won, an increase of 8.3% from the previous year's 558 trillion won. Upon

of a venture ecosystem, industrial innovation, vaccine hub construction, SOC cutting-

breaking down the budgetary allocation, we find that R&D expenditure was 29.8 trillion
won, accounting for 4.9% of total expenditure, an increase of 8.8% over the previous year.
Although the growth rate was lower than the 13.1% attained the previous year, the ratio
of total expenditure was maintained at 4.9%. The government's R & D budget for 2022
is aligned with its financial goals of an inclusive economic recovery, leap, and transition
to a leading country. It focused investment on strengthening scientific and technological

1

The Ministry of Science and ICT's Science and Technology Innovation Center's '2022 National R&D Project Budget Allocation (proposal)'
will be collected in the government budget (draft) of the Ministry of Economy and Finance, submitted to the National Assembly, and
finalized after deliberation and resolution by the National Assembly.
The main R&D budget statistics in this paper are based on the '2022 National R&D Project Budget Adjustment Statistics (Government

2 

Plan)' of the R&D Investment Review Bureau of the Ministry of Science and ICT and have been reviewed and reported to the Budget
Review Committee of the National Science and Technology Advisory Council.
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edge technology, regional balance innovation, carbon-neutral economic leadership,
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R&D Infographic

[Table 3] Status of Economic and Social Index in Major Countries (OECD MSTI 2020-1, KISTEP, and others)

digital transformation, strategic R&D investment, innovative talent development, smart

Division

workforce development, infection disease response, disaster response, and environmental
improvement. Looking at the recent global environmental changes, the United Nations
(UN) has expanded to health, employment, jobs, industrialization, and innovation (UNISDR
3

R&D Insight

), including those in advanced countries, and suggests sustainable development goals

(SDGs ) after the U.S. financial crisis. It also recommends that new insights and methods be
presented through science and technology and that higher standards and evidence-based

Korea

United

Japan

Germany

France

UK

China

Population (1,000)

51,834

329,016

126,140

83,084

67,456

66,833

1,400,174

GDP ($) per capita

33,340

62,853

39,186

47,639

41,446

43,062

9,958

Economically
active population

28,006

164,964

68,604

43,674

29,717

33,958

-

Number of
employed people

26,944

159,714

69,251

45,368

28,231

32,803

-

policy establishment support be provided to solve intractable problems.
[Table 4] The Trend of Gross Domestic R&D Expenditure (GERD5) in Major Countries (reorganization of OECD MSTI 2020-1/PPP$7)
Divisions

[Table 1] Government R&D Budget Investment versus Government spending

■ R&D investment

● growth rote of R&D investment ● growth rote of total gov expenditure

Total gov expenditure

(%)
50.0

700.0

40.0
30.0

036

20.0

325.4 342.0

355.8 375.4

386.4 400.5

428.8

469.6

512.3

500.0
24.2

27.4

29.8

19.5 19.7 20.5
17.8 18.9 19.1
16.0 16.9

400.0
300.0
200.0

10.0
0.0

10.0

100.0

’12 ’13 ’14 ’15 ’16 ’17 ’18 ’19 ’20 ’21 ’22

0.0

0.0

R&D
Investment
(Growth Rate, %)
(, % of Total
Expenditure)

Budget
(Growth Rate, %)

Fund
(Growth, %)

Government
Spending

3

2011

2012

2013

2014

2015

2016

2017

5.3

5.1

5.1

5.5
4.0

9.5

6.4
2.9

3.7

7.1

9.1

8.9

4.4

8.3

’12 ’13 ’14 ’15 ’16 ’17 ’18 ’19 ’20 ’21 ’22

2018

2019

2020

2021

2022

Annual
growth
rate (%)

17.8
(5.1)
(5.0)

18.9
(6.4)
(5.0)

19.1
(1.1)
(4.9)

19.5
(1.9)
(4.9)

19.7
(1.1)
(4.6)

20.5
(4.4)
(4.4)

24.2
(18.0)
(4.7)

27.4
(13.1)
(4.9)

29.8
(8.8)
(4.9)

7.2

13.0
(9.1)

14.1
(7.8)

15.0
(6.2)

15.9
(5.7)

16.9
(6.4)

17.3
(2.6)

17.6
(2.1)

17.9
(1.6)

18.8
(5.0)

22.4
(19.4)

25.4
(13.4)

27.3
(7.5)

7.7

1.8
(5.8)

1.9
1.9
(3.3) (△1.5)

1.9
(0.5)

2.0
1.8
(6.8) (△1.3)

1.8
1.8
1.7
(0.6) (△2.7) (△2.2)

1.8
(2.8)

2.0
(12.8)

2.5
(25)

3.3

512.3

558.0

604.4

6.9

355.8

375.4

386.4

400.5

428.8

469.6

The UN Office for Disaster Risk Reduction proposed international directions and cooperation plans, including concepts, such as climate change

5

and sustainable development, emphasizing the link between disaster risk reduction and a paradigm shift centered on disaster risk.
4

548,984

581,5 3

5.04%

China

323,361

346,2 2

36,071

393,041

420,816

468,062

7.68%

35,278

371,249

386,010

406,792

438,172

464,876

5.52%

164,656

169,5 4

168,546

160,295

16,184

171,294

0.79%

68,234

73.10

76,932

80.79

90,386

98,451

7.61%

2018 (unit %)

16.9
(5.3)
(4.9)

342.0

516,590

[Table 5] The Proportion of R&D Expenses by Financial Resources in Major Countries (Source: OECD MSTI 2020-1, KISTEP, and others)

1.9

16.0
(7.6)
(4.9)

325.4

495,094

1.1

1.1

14.9
(8.7)
(4.8)

309.1

CAGR6

2018

8.8

7.6

[Table 2] Government R&D Investment Growth and Detailed Budget Amount Trend Table

Division

2017

13.1

5.3

5.0

2016

476,459

South Korea

15.0

2015

454,823

Japan

18.0

604.4
600.0
558.0

2014

United States

EU (28)

(%)
20.0

2013

Government

Private

Foreign

Korea

21.4

76.6

1.9

USA

30.3

62.4

7.3

Japan

20.3

79.1

0.6

Germany

28.2

66.0

5.8

China

20.2

76.6

0.4

Gross Domestic Expenditure on Research & Development: This index compares the level of R&D activity among countries and is calculated
through the OECD statistics annual report

Sustainable Development Goals: through the UN-affiliated organization, alternative goals toward responding to global issues and overcoming

6

Purchasing Power Parity: Used in OECD statistics as a conversion figure, it reflects the consumer price level of each country

risks are presented.

7

Compound Annual Growth Rate: Trend statistics that identify major scale and activity changes
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2. Government R&D Budget Investment (Proposal) Strategy
1. Overcoming the crisis, accelerating the competition for technology hegemony,
and the government's R&D investment strategy

R&D Insight

Sector
Investment

Korea also announced its economic policy direction (13.1% of GDP, 250 trillion won) last

Area

version of the New Deal plan ('20–'25, 160 trillion won). The Korean New Deal is centered
on strengthening the digital, green, and safety net. Digital New Deal includes 12 projects

Focus Industry

Metals, semiconductors, displays, ceramics
carbon and nanomaterials, organic and bio-materials,
automotive, institutional technology, shipbuilding & plant,
communications broadcasting and networks

Future New industry

Robotics, big data, artificial intelligence, food, new medicine,
convergent agro-livestock, and fisheries., Medical Devices, Information Security,
next-generation BIO (Bio-convergence, genome,
stem cells), computing, software, contents

Public Infrastructure

Architecture, transportation and logistics, agro-livestock and fish production,
city, land, social-infrastructure facility, renewable energy, space, nuclear power,
resources development & utilization, power & energy storage, aerospace,
Offshore/coldest place, nuclear fusion/accelerator

Quality of life

Weather, climate, atmosphere, brain science, brain disorders, water management,
water industry, clinical and health, disaster and safety, soil & ecosystem,
environmental health

An innovative
ecosystem

Empower research subjects to innovate, grow and nurture talent, and expand the
foundation of innovation

in four major areas: Strengthening the data, network, and AI (DNA) ecosystem, education
infrastructure, development of the “Untact” industry, and SOC digitization. Green New Deal
has eight projects in three major areas, including the transition of urban, spatial, and living
infrastructure to nature-friendly infrastructure, the distribution of low carbon energy, and
policy

areas, including employment and social safety net and human investment. For the Korean

The top 10 investment directions for the four major sectors

New Deal to succeed, various technologies, such as digital transformation, the creation of
should be prioritized, and the strengthening of research and development for the “Untact”

Strengthening
investment

environment is considered important.
When formulating the R&D budget in major countries, R&D projects and key technologies
would be subdivided, focusing on innovative capabilities, such as defense, health, education,
and university promotion, and public safety. Korea focuses on economic development
when organizing projects in areas that are growth engines, innovation capabilities when
strengthening research bases, and quality of life when it comes to influencing people's
lives. The areas of innovation capacity are government-funded research institutes, smalland medium-sized enterprises only, basic research, human resources development, and
regional R&D for the detailed investment direction. The areas that are growth engines
include three focus businesses—future car, bio health, and system semiconductors—
materials, parts, and equipment, among others.
This may include business, start-ups, and data, network, and AI (DNA). In the field of quality
of life, solving social problems, such as disaster safety, health, and fine dust, and research
on life can be included.

R&D Infographic

Mid- and long-term investment technology

year through an emergency economic meeting and is pushing for a comprehensive Korean

educational infrastructure, the green shift of living infrastructure, and the spread of energy,

KISTEP News

‘2022 (Ministry of Science and ICT, 2020)

New Deal to overcome the economic and social crisis caused by the COVID pandemic.
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[Table 6] Government Mid- to Long-Term R&D Investment Strategy (’19~’23) and Government R&D Investment Direction in

Major countries around the world are actively pursuing large-scale fiscal policies and the

the green industrial innovation ecosystem setting. Eight projects will be promoted in two

R&D Inside

Continuation
of investment

Strengthening
technological
crisis preemption and
management

①S
 trengthening roles of science and technology for overcoming the crisis of
infectious diseases roles
② s trengthening materials, parts, and equipment competitiveness and capabilities
creation of future supply chains

Economic recovery and
energy enhancement

①E
 xpansion of growth engines by intensively fostering "Three Key Industries for
Innovative Growth"
② D.N.A-based Digital Economic Transformation

Leap into a leading
country by creating
opportunities.

① 2050 Carbon-neutral social transition acceleration
② Support for challenging and far-reaching future core technology focus

Reinforcement of future
innovation capabilities
based on inclusion.

① Activation of creative and challenging basic and foundational research
② Support for nurturing scientific and technological talents to prepare for the era
of great transformation
③ Strengthens the capabilities of small- and medium-sized enterprises and local
areas and creates a self-sustaining innovative ecosystem
④ Enhanced support for start-up and technology commercialization based on
research results.
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government's R&D budget for 2021 increased by 0.9% YOY (based on the estimated settlement amount for
fiscal year 2020) of $16.5 billion (approximately KRW 180 trillion)8

KISTEP News

objectives, and the program, unit, and detailed projects are planned, allocated, and
adjusted on the basis of policy initiatives.

▶ The

budget size for each research stage* increased YOY in the basic and application sectors, while the
development and facility sectors decreased.

In general, the government's R&D budget could be classified into national defense, space

* Budget increase/decrease rate by research stage (when compared with the '20 estimate): foundation (5.0%), application (2.8%),

exploration development, economic development, nonpurpose basic research, health and

development (△1.3%), and facilities (△20.6%)

environment, education and society, and general university promotion for economic and

▶ National

security, future industries, energy and environment, health, and bio-economy to maintain leadership
in science and technology and future industries. Innovation, space exploration, etc. are selected as investment
priority areas.

social purposes.9
As of 2019, the U.S. and the UK are focusing on health and environment, while Germany,

▶ As

of 2019, the government's science and technology budget is 1.07 trillion yuan, expanding investment in “Made
in China 2025” with the aim of establishing the world's leading manufacturing country by 2049 and expanding
investment in “AI 2025” with the goal of achieving the 10 trillion yuan scale for the AI industry by 2030.

France, and Japan are focusing on R&D budgets to promote general universities. Korea's
R&D budget is prioritized in the order of economic development (49.3%), basic research
(23.5%), health and environment (15.1%), and education and society (9.4%).

▶ investment

in 'China Manufacturing 2025' with the aim of establishing the world's leading manufacturing country
by 2049, and expanding investment in 'AI 2025' with the goal of achieving 10 trillion yuan in AI industry by 2030.

[Table 8] Government R&D 2022 Budget Per Department (Proposal) and Increase/Decrease Compared to Prior Year
(Unit: 100 million won, %)

▶ Health

China

Committee programs, special plans for hygiene and health science and technology innovation, health
hygiene development plans, health China 2030, development of natural disaster evaluation platforms, disaster
prevention and reduction science & technology projects, and national disaster prevention plans, etc.

Division

▶ Promote

emergency management projects under the State Council, National Hygiene and Health Committee
programs, special plans for hygiene, health science, and technology innovation, health hygiene development
plans, health China 2030, development of natural disaster evaluation platforms, disaster prevention and
reduction science & technology projects, and national disaster prevention plans, among others.
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▶ The

budgeted demand for Japanese science and technology in 2021 increased by 1.4% (based on the original
budget in 2020) to 5.91 trillion yen YOY.

of Culture, Sports, and Science and Technology expanded support for public investment-based science
and technology activities to respond to COVID-19. It organizes a budget to foster various talents and promote
activities in charge of science and technology innovation.

▶ Under

the circumstances brought about by COVID-19, the Ministry of Economy, Trade and Industry presents
emergency support for companies in crisis, such as emergency measures to protect business and employment
and preempt "new daily life."

▶ The

“Horizon Europe” program began in 2021 and demanded 1.5 billion euros (about 17 trillion won), which is
a 6.5 percent decrease YOY.

▶ The

economic difficulties of each country due to COVID-19 are reflected in the budget, and there is a movement
to cut down on the budget, centering on basic areas in the future.

EU

▶ The

"Global Challenge/Industrial Competitiveness" part, aimed at strengthening industrial competitiveness,
accounted for the highest proportion (50.4%), with 6.2 billion euros, and the “2021 budget” in the "Open
Science" sector, which supports leading research on basic science, was approximately 3.2 billion euros.

[Table 7] Major changes in government R&D budgets and projects in major countries (AAAS, OECD MSTI, S&T GPS, and others)

8

AAAS ‘Review of Research & Development in the Final FY 2021 Omnibus’ Jan 21’

9

Compared to the previous year, C-A %

224,677

242,937

18,260

8.1

[By Accounting]

224,677

242,937

18,260

8.1

Budget

205,943

219,146

13,203

6.4

General Account

156,411

168,968

12,557

8.0

Special Account

49,532

50,178

646

1.3

Fund

18,734

23,791

5,057

27.0

[By Department]

▶ Ministry

Government plan (C)

Major R&D Total

- Other Funds

of Education, Culture, Sports, Science and Technology increased 27.3% (26.5 billion yen) YOY to 1.2427
trillion yen, and the Ministry of Economy, Trade and Industry demanded a budget of 1.435 trillion yen, up 12.7% YOY.

’21 Budget (Proposal)

’21 Budget (A)

Climate Response Fund

▶ Ministry

Japan

R&D Infographic

based on the link between the economic and social goals and the science and technology

Ministry of Health and Welfare (HS, 25.3%) and Energy (DOE, 12.9%) accounted for the highest proportion
by ministry (DOD, 43.5%), followed by the Ministry of Health and Welfare (HS, 25.3%) and the Ministry of Energy
(DOE, 12.9%).

to long-term science and technology development plan (foundation science, frontier technology research
enhancement, BT, IT, ET, NT, Energy, High-tech, etc.) promotion

R&D Inspire

In general, the science and technology investment policy and R&D strategy set the agenda

▶ The

▶ Mid-

R&D Inside

2. Government R&D Budget by Departments

▶ The

USA

R&D Insight

-

5,580

5,580

Net

18,734

18.21

△ 523

△ 2.8

224,677

242,937

18,260

8.1

Ministry of Science and ICT

85,166

91,164

5.99

7.0

Ministry of Industry

48,609

52,885

4,276

8.8

Defense Acquisition Program Administration

28,173

32,123

3,951

14.0

Ministry of SMEs and Start-ups

16,613

17,541

928

5.6

Ministry of Oceans and Fisheries

7,137

7,701

564

7.9

Ministry of Health and Welfare of South Korea

6,816

7,039

223

3.3

Rural Development Administration

5,978

6,493

514

8.6

Ministry of Land, Infrastructure and Transport

5,871

6,035

164

2.8

Ministry of Education

5,587

5,484

△ 104

△ 1.9

Ministry of Environment

3,636

3,859

223

6.1

Ministry of Agriculture, Food and Rural Affairs

2,545

2.62

7

3.0

Korea Forest Service

1,252

1,382

131

10.4

Korea Disease Control and Prevention Agency

1,062

1.34

282

26.6

Ministry of Food and Drug Safety

1,136

1,290

154

13.6

Ministry of Culture, Sports and Tourism

1,040

1,206

167

16.0

Nuclear Safety and Security Commission

1,108

1.10

△8

△ 0.7

Ministry of the Interior and Safety

933

1,096

162

17.4

Korea Meteorological Agency

873

935

63

7.2

National Police Agency

492

592

9

20.2

OECD MSTI: The science and technology budget is subdivided into 14 types according to the main purpose of the R&D program and
seven types according to the economic and social purposes.
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Korea Coast Guard

261

426

165

63.1

National Fire Agency

207

231

24

11.6

R&D Insight

R&D Inside

R&D Inspire

KISTEP News

R&D Infographic

planned to induce ministry participation. Through this, the strategy of budget investment
is being enhanced, as the budget will be streamlined by preventing similar projects and

Ministry of National Defense

49

173

124

254.9

Cultural Heritage Administration

79

115

36

46.0

Korea Customs Service

30

4

14

47.2

ministries to overcome R&D project limitations that are highly limiting when promoted as

-

30

30

Net

24

26

2

8.4

a single ministry.

Personal Information Protection Commission
Ministry of Justice

preventing overlapping between ministries, while expanding cooperation plans between

The R&D budget of the Ministry of Science and ICT in the 2021 government R&D budget
is of the order of 9.11 trillion won, an increase of 599.9 billion won. The R&D budget of the

3. Government R&D Budget (Proposal) Investment Portfolio

Ministry of Industry is 5.28 trillion won, an increase of 427.6 billion won, while that of the
Defense Application and Program Administration is 3.21 trillion won, an increase of 395.1
billion won. The R&D budget of the Ministry of SMEs and Start-ups is 1.75 trillion won, an

1. Investment Portfolio by Policy Sector

increase of 92.8 billion won, while that of the Ministry of Oceans and Fisheries is 7.7 trillion

In Korea, the Basic Science and Technology Plan10 becomes an initiative for government

won. The R&D budget of the Ministry of Health & Welfare is 7.03 trillion won.

R&D investment. It analyzes investment trends and policy and technical changes in major
countries on the basis of mid- to long-term plans11 and investment strategies in the

042

The government R&D budget increased by 8.8% when compared with the previous year's

department's policy and technology sector and sets investment directions and standards

total government expenditure of 8.1%, and all ministries were expanding their R&D

for each year. Based on this, R&D budget efficiency and investment strategy is promoted

budgets. In addition to the reduction of the Ministry of Health and Welfare's budget (-18

through the ministry's project priority, project budget request, feasibility of new projects,

billion won, -2.2%), all ministries' budgets were expanded. Looking at the budget growth

adequacy of continuing projects, sunset project management, program restructuring,

rate of ministries when compared with the previous year, the Korea Disease Control and

and reorganization when reviewing the budget. The government's main R&D budget is

Prevention Agency, which was promoted to Agency this year, was 72.2% (201 billion won,

allocated and adjusted according to policy investment priorities based on the direction

increased by 84.3 billion won), followed by the Korea Coast Guard at 62.8% (42.8 billion

of government R&D investment. Among economic and social purposes, Korea is focusing

won, increased by 16.5 billion won). Defense Acquisition Program Administration at 12.8%

on technological independence, engendering future supply chains, securing national

(4.88 trillion won, increased by 552.7 billion won), the Ministry of Trade, Industry and

strategic technologies, and discovering new growth engines for its main industries, with

Energy at 11.6% (5.52 trillion won, increased by 573.6 billion won), and the Ministry of

an emphasis on economic development. The policy field of government R&D budgeting is

Science and ICT at 7.3% (9.37 trillion won, increased by 638.5 billion won) in the order

established toward encompassing economic and social ends and science and technology

of budget increase. In keeping with the total budget allocation system, the Ministry of

goals, and a policy and technology portfolio is formed in accordance with the detailed

Economy and Finance delivers the total budget of the ministry in a top-down manner. In

investment direction of the investment field. The basic directions of the 2022 government's

addition, this system reviews the ministry's bottom-up budget needs to allocate and adjust

R&D budget were set as “strengthening science and technology capabilities to respond

the budget of the ministry's policy fields, sectors, programs, and projects. In the case of

to crises” and “emergency recovery, leaping to a leading nation, and inclusive innovation”

the government's R&D budget, the Science and Technology Innovation Headquarters first

and suggested as the top 10 key investment directions in the four areas.

reviews the ministry's project budget demand within the ministry's R&D budget spending
limit and then consults with the Ministry of Economy and Finance to adjust the detailed

Looking at the detailed key investment directions and budget status, we will see 2.55

budget. Because of the nature of R&D, the targets of economic and social purposes and

trillion won in basic research; 2.53 trillion won in costs for strengthening the capabilities of

science and technology are universal and common activities, and a cross-ministerial
budget review system is maintained to prevent duplicate budget allocation in advance.
In line with this, if there is a common economic and social purpose between ministries
or R&D performance goals are similar, multi-ministerial cooperative R&D projects are

10

Basic Plan for Science and Technology: The highest-level plan that synthesizes the science and technology fields of government
ministries established every 5 years under the Framework Act on Science and Technology.
Science and technology mid- to long-term plan: The central administrative agency established and implemented a detailed mid- to

11 

long-term plan in the field of science and technology and promoted about 90 as of 2020.
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[Table 9] Government Key R&D for 2022 Policy-Specific Budget (Proposal)12 and Increase/Decrease Compared to Prior Year

strengthening support for start-ups and technology commercialization based on research

(Unit: 100 million won, %)

results; 2.28 trillion won for strengthening the competitiveness of materials, parts, and

Policy Area

‘21 Budget (A)

‘21 Government
(Proposal) (B)

‘21 Comparison
(B-A)

%

equipment, and creating a future supply chain; 1.86 trillion won in the Green New Deal,

Infectious Disease

0.44

0.51

0.07

15.9

including carbon neutrality; 1.74 trillion won in public safety; 1.7 trillion won in the Digital

National Security

1.37

1.74

0.37

27.0

New Deal; 0.67 trillion won in support of nurturing scientific and technological talents

Digital New Deal

1.09

1.70

0.61

56.0

Green New Deal

1.31

1.86

0.5

42.0

preparing for a great transformational era; 0.64 trillion won for space-related support as

System Semiconductors

0.29

0.4

0.15

51.7

the focus on key future technologies that are challenging with a great ripple effect; 0.58

BIO Health

1.76

1.89

0.13

7.4

Future Car

0.39

0.47

0.08

20.5

trillion won for international cooperation; 0.51 trillion won to strengthen scientific and

Materials, Parts, And Equipment

2.15

2.28

0.13

6.0

technological capabilities to overcome the infectious disease crisis; 0.44 trillion won for

Space

0.46

0.64

0.18

39.1

Aviation

0.19

0.20

0.01

5.3

Next DNA

0.27

0.4

0.17

63.0

Basic Research

2.35

2.5

0.2

8.5

Mid- To Small-Sized Business Only

2.47

2.53

0.06

2.4

Innovative Talent

0.60

0.67

0.07

11.7

International Cooperation

0.50

0.58

0.08

16.0

next-generation DNA; and 0.2 trillion won for aviation. Looking at the growth rate from the
previous year, next-generation DNA (63%), Digital New Deal (56%), system semiconductor
(51.7%), Green New Deal (42%), and space (39.1%), these numbers expanded significantly,
with the amount of increase being of the order of 0.61 trillion won in the Digital New Deal,
0.55 trillion won in the Green New Deal, 0.37 trillion won in public safety, and 0.2 trillion
won in basic research.

[Table 10] Government R&D for 2022 Budget per Economic and Social Purpose (Proposal) and Increase / Decrease Compared to Prior Year

science and technology accounted for 8.3 trillion won (28%), industrial SMEs and energy

044

7.4 trillion won (25.1%), defense 4.9 trillion won (16.6%), education 2.5 trillion won (8.4%),
and agriculture, forestry, and fisheries 1.5 trillion won (5.1%). In respect of the share growth
rate of the total budget, the telecommunications sector increased from 3.9% to 4.3%,
industrial SMEs and energy from 24.8% to 25.1%, defense from 16% to 16.6%, and culture
and tourism from 0.8% to 0.9%. When looking at the changes in the proportion of R&D
budgets, the proportion of education, science, and technology's own purposes has been
reduced, and the proportion of applications and utilizations, such as telecommunications,
industry, national defense, and culture, has expanded. The budget size of the science and
technology, industrial small- and medium-businesses, and energy sectors, which will be

Budget amount
General
and local
administration

56 9 (last year 545,751))

Public
order and
safety

237,632 (last year 192,284)

Unification
& Foreign
Affairs

635 (last year 6.2)

Defense

4,95 340 (last year 4,386,986)

account for 53.1% of the total R&D budget; science and technology R&D constituted 4.2
trillion won (14.4%); science and technology research support made up 3.77 trillion won
(12.7%); science and technology workforce and culture denoted 0.7 trillion won (0.6%);

Education

Culture &
Tourism

Environment

totaled 4.1 trillion won (13.9%) for industry innovation support; and energy and resource

12

The statistics are based on the total R&D standards, including general R&D, which is different from the statistics of the Ministry of
Science and Technology Innovation

0.8 (last year 0.7)

[080] Social
Welfare

Budget amount
Health

0.0

Unification 390 (0.0545), Foreign Affairs and Trade
245 (0.0)
16.6 (last year 16.0)

2,515,609 (last year
2,436,757)

8.4 (last year 8.9)

275,398 (last year 231,463)

Agriculture,
Forestry

423,518 (last year 374,643)

1.4 (last year 1.4)

Environment General 1 5,7 5 (0.4), water Environment
9, 2 (0.3), Resource circulation and Environment
Economy 67,62 (0.2), Climate atmosphere and
Environment Safety 84,518 (0.3), Nature Environment
56,304 (0.2)
18,514 (last year 15,871)

1,520,298 (last year
1,423,472)

Industrial,
Small &
Medium
Business and
Energy

7,47 305 (last year 6,786,647)

Transportation &
Logistics

1,064,24 (last year 980,045)

Communications

1,275,726 (last year
1,078,529)

5.1 (last year 5.2)

25.1 (last year 24.8)

Energy & Resources development 1,410,62 (4.7),
Industry Innovation Support 4,13 614 (13.9),
Entrepreneurship and Venture 1,872,891 (6.3),
Cultivating SMEs and small business owners 60,178
(0.2)
3.6 (last year 3.6)

Rail 7,203 (0.0), logistics and more 1,057,041 (3.5)
4.3 (last year 3.9)

Broadcasting and Communications 62,10 (0.2),
Sodality 3,178 (0.0), Information and Communication
1,210,4 8 (4.1)
Land and
regional
develop-ment

16,635 (3,625, a year ago)

Science and
Technology

8,350,496 (last year
7,890,285)

0.1 (last year 0.1)

Water Resources 15,340 (0.1), Region and City 1,295
(0.0)
22.0 (last year 28.8)

Science & Technology Research Support 3,7 1,217
(12.7), Science & Technology General 124,896 (0.4),
Science & Technology Human Resources & Culture
173,120 (0.6), Science & Technology Research
Development 4,281,263 (14.4)

0.1 (last year 0.1)

Support for the vulnerable social welfare (1,47 ), social
welfare (762), senior citizen 5,147 (0.00.02), women,
family, youth 272 (0.00.02), employment labor general
856 (0.0)

Importance
(unit: 1 million(%)
won)
3.7 (last year 3.7)

Agricultural & Rural 1,109,148 (3.7), Forestry &
Mountain Village 164,512 (0.6), Fisheries & Fishing
Village 212,82 (0.7), Food Industry3 816 (0.1)

0.9 (last year 0.8)

Culture and art 181,905(0.6), Tour 5,057(0.0), Sports
20,679(0.1) Cultural Property 65,817 (0.2), Culture and
Tourism General 1,940 (0.0)

1,102,598 last year
1,023,501)

Healthcare 968,562 (3.3), Food Drug Safety 134,036
(0.4)

Legal & Public Prosecutors 2 6 (0.0), Police 65,4 (0.2),
Maritime Police 42,821
(0.1), Disaster Management 126,697 (0.4)

Infants and Elementary and Secondary Education
3,725 (0.0.09), higher Education 2,326,512 (7.8),
Lifetime and Vocational Education 185,372 (0.6)

general science and technology formed 0.1 trillion won (0.4%); industry SMEs and energy
development explained 1.4 trillion won (4.7%).

State Administration 545,292 (1.8), Finance
and Banking 7,01 (0.0), Government Resource
Management 3,0 (0.0), General Administration1,396
(0.0)

Maintain power 71,2 0 (0.2), improve defense power
4,8 4,120 (16.4)

the imbursed with 53.1% of the R&D budget.
Looking at the budget of science and technology, industrial SMEs and energy, which

Importance (%)
1.9 (last year 2.0)

Grand Total

29,800,646

100
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2. Investment Portfolio by Technology Sector

Korea's government R&D investment direction in 2022 focuses on science and technology

The government R&D budget is subdivided according to the economic and social

to overcome the infectious disease crisis; competitiveness in materials, parts, and

and science and technology fields , and the budget is organized according

equipment; creation of future supply chains; growth engine through fostering the three

to priorities by commercializing the realization plan for key technologies to achieve

core industries (semiconductor, future car, and bio health) for innovative growth; data-,

the objective. The government R&D budget for '22 was established on the basis of the

network-, and AI- (DNA)-based digital economy transformation; carbon-neutral society

“Government R&D mid-to-long-term investment strategy (2019~2023, 5 years)” and

transformation; future core technology focus support; creative and challenging basic and

“2022 Government R&D investment direction and standards.” The existing government

foundation research; science and technology talent cultivation; small- and medium-sized

R&D mid- to long-term investment strategy has set the main industry, new future industry,

enterprises and regional capabilities; and self-sustaining innovative ecosystem support for

public infrastructure, quality of life, and innovation ecosystem as the five major investment

the creation of start-ups; and technology commercialization.

objectives

13

14

areas. It considered the linkage of 40 technological groups with the policy goals of science
and technology innovation, economic development, and quality of life enhancement of

Government R&D budgets of major countries are divided into economic and social

the “Science and Technology Basic Plan (4th, 2018-2022).”

objectives, and science and technology fields, and R&D projects are classified into
investment policies from the perspectives of innovation capacity, growth engines, and

In addition, global science and technology policy trends, R&D market analysis, research

people's lives. The review of the government's major R&D budget is aimed at the main

and development budgets, business analysis of major countries, key technologies, and

R&D project of the 11 main technology sectors16. The number of major R&D projects in '22

detailed investment strategies for each of the 11 technology fields were established.

was 1,198 in total, a significant increase (an increase of 250 projects) when compared with

Subsequently, through the expert committee , detailed projects and budgets for each

'21; 294 new projects (54 increases); 136 continuing projects (42 increases); and 768 (154

target technology area were reviewed, and the government R&D budget was finalized after

increases) for completed projects. According to the total budget of the advisory meeting

deliberation by the Science and Technology Innovation Headquarters and the Ministry of

(proposal) of 24.2 trillion won, the estimated size of each business type is 2.39 trillion won

Economy and Finance, followed by the resolution of the Science and Technology Advisory

for new projects, 0.87 trillion won for continuing projects, and 21 trillion won for finished

Council. The government R&D budget of Korea consists of major R&D, used for direct

projects. Continued projects decreased from 4.8% in 2020 to 3.6%, and closed projects

research activities, and general R&D, used for inflexible expenses such as labor costs of

decreased slightly from 86.6% to 85.5%. This is judged the effect of budget flexibility

government-funded research institutes. In the case of '22, major R&D was 24.29 trillion

because of the continuous restructuring of ministries, reorganization of business systems,

won and general R&D was 5.5 trillion won, and the average annual growth rate for 5 years

and the sunset management innovation in the aspect of securing the strategic nature of the

was 13.3% for major R&D and -3.1% for general R&D. The government is reorganizing

government R&D budget. In the future, it will be necessary to manage budget strategies,

the budget structure to expand the budget directly used for research activities, and this

such as linking business portfolios between ministries and governments, discussing

year, it has changed the planning and evaluation management expenses included in major

investment strategies, and strengthening multi-ministerial cooperation projects.

15
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R&D to the general R&D budget (332.5 billion won) to promote budget safety for R&D
management institutions.

[Table 11] State of Major Government General R&D Investment Volume Trend for the Past 5 Years
(unit: 100 million won)

Division
13

14

OECD MSTI classification: Defense, space exploration and development, economic development, non-objective basic research, health

Government R&D total

and environment, education and society, and university promotion

(Growth compared to previous year)

11 main technology focus: ICT, SW, Life and Healthcare, Energy and Resources, Materials and Nanotech, Machinery, Manufacturing,

① major R&D

Agriculture, Forestry and Fisheries, Food, Aerospace, Marine, Construction, Transportation, Environment, Weather, Basic foundation,

② General R&D

Carbon neutrality, Disaster and Safety, BIG3 (BIO Health, System Semiconductor, Future Vehicle), Quantum including National Strategic

2022
(Government )

Annual
growth rate

2017

2018

2019

2020

2021

194,615

196,681

205,328

242,195

274,005

298,006

(1.9%)

(1.1%)

(4.4%)

(18.0%)

(13.1%)

(8.8%)

130,049

146,977

164,728

197,314

224,894

242,937

13.3%

64,566

49,704

40,600

44,881

49,112

55,069

△ 3.1%

8.9%

Technology (the defense business is excluded from the analysis)
Expert Committee: The steering committee under the National Science and Technology Advisory Council consists of five special

15 

committees, three policy expert committees, seven budget-review expert committees, and two councils. The budget-review expert

16

Key technology areas: ICT/SW, life/health care, energy/resources, materials/nano, machinery/manufacturing, agriculture, forestry and

committee is subdivided into public/space, energy/environment, ICT/convergence, machinery/materials, life/medicine, basic/

fisheries/food, space/air/marine, construction/transportation, environment/meteorological, basic infrastructure, and disaster/safety.

infrastructure, and national defense

For defense projects, the budget is deliberated by a separate expert committee.
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Detailed
technology areas

‘21 budget (A)’ (excluding
planning assessment and
management expenses)

highly related to materials, parts, and equipment, digital transformation centered on

‘21 budget
Government
plan (C)

Government
plan (C)

information and communication, and carbon neutrality and energy, have increased
%

significantly. The budget for space, disaster prevention and remedial management,

Aerospace

564,081

694,1 2

130,031

23.1

and defense, all convergence technologies, has been greatly expanded. In the case of

Disaster and Marine

484,010

5 3,368

69,358

14.3

government-funded research institutes, 2.25 trillion won in research institutes affiliated

Construction
transportation

450,457

454,5 8

4,101

0.9

1,084,613

1,215,2 0

130,607

12.0

Nuclear fusion

538,1 5

524.61

△ 13,504

△ 2.5

Environmental Weather

42,901

456,986

34,085

8.1

826,621

9 1,5 6

164,935

19.95

Materials

1,316,045

1,462,040

145,9 5

1.09

Small and mediumsized

1,391,638

1,5 7.13

165,495

1.89

Region

1,136,079

1,1 7,634

△ 18,4 5

△ 1.62

ICT SW

746,431

872,729

126,298

16.9

ICT HW

945,418

1,097,170

151,752

16.1

Among major countries, Korea's total R&D expenditure has continued to grow at an

Content & Services

496,862

534,313

37,451

7.5

average annual growth rate of 7.61% over the past 5 years but is lower than China's 7.68%.

Health and medical
treatment of life

1,624,105

1,767,135

143,030

8.81

The difference in the size of total R&D expenditure is further widened with the U.S., which

Agriculture, Forestry
and Fisheries

1,196,435

1,317,060

120,625

10.1

Foundation

2,826,7 4

2.97,301

150,527

5.3

Defense

2,860,257

3,264,287

404,030

14.13

Research Institute

2,192,873

2,252,810

59,937

2.73

Direct control

1,127,046

1,183,636

56,590

5.02

Energy
environment

Machine
Materials
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industrial competitiveness for economic development, such as manufacturing machines
(Unit: 1 million won, %)

Public space

R&D Inside

Considering the economic and social goals, the budgets in the areas of strengthening

[Table 12] Budget (proposal) for Each Technology Sector of the Government's Major R&D in 2022 and Increase/Decrease Compared to

Key
technology
areas

R&D Insight

ICT Fusion

Life medicine

Institution

Energy resources

Machine
Manufacturing

to the research association and 1.18 trillion won in research institutes directly under the
ministries, increases of 2.73% and 5.02%, respectively, were seen when compared with
the previous year’s numbers. This was a small increase when compared with the 13.3%
increase in the main R&D budget over the previous year’s numbers.

4. Post-COVID Era, Maximization of Economic and Social Effects
Through Mission-Oriented and Leading R&D Investment

has a 5.9-times higher total R&D expenditure than Korea does, seeing an increase in R&D
expenditure of 5.04%, and the EU at 4.7 times higher than Korea, seeing an increase of
5.52%.
Korea ranks first in government R&D investment accounting for GDP and second in the
world in total R&D investment accounting for GDP. However, the ratio of government
R&D expenditures among the total national R&D expenditures is 21.4%, which is still
lower than 30.3% in the U.S. and 28.2% in Germany; hence, there is enough room for the

The budget review of the R&D project by technology occurs at the seven special committees

government to expand R&D investment and strengthen its role. Meanwhile, according

under the National Science and Technology Advisory Council. Looking at the budget

to the International Graduate School of Management and Development (IMD) World

size for each sub-technology sector, it is followed by defense at 3.26 trillion won, basic

Competitiveness Report in 2020, Korea ranked 23rd but second in science infrastructure,

infrastructure at 2.97 trillion won, life and health care at 1.76 trillion won, and small- and

17th in technology infrastructure, and the UN Global Innovation Index (UN WIPO17) also

medium-sized enterprises at 1.5 trillion won. Growth from the previous year saw an increase

rose from 11th in 2019 to 10th in 2020 and 5th in 2021. In the 2019 Global Competitiveness

of the order of 23.1% in aerospace, 19.95% in machinery manufacturing, 16.9% in ICT SW,
16.1% in HW, and 14.13% in defense. The amount of increase from the previous year was
of the order of 404 billion won for defense, 165.4 billion won for small- and medium-sized
enterprises, 151.7 billion won for ICT HW, and 150.5 billion won for basic infrastructure.

17

The World Intellectual Property Organization is an UN-affiliated organization that conducts international intellectual property protection
activities. It announces the Global Innovation Index by evaluating the knowledge innovation capabilities of each country from the
perspective of input and output innovation capabilities, as input and output, and it announces the Global Innovation Index
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Index (World Economic Forum (WEF18), it was ranked overall 13th, 1st in ICT distribution, 1st

The trade war between the U.S. and China is expanding into technology hegemony

in macroeconomic stability, and 6th in innovation capabilities. This shows that an approach

competition and reorganization of the global value chain (GVC) centered on technology

whereby enhancing science and technology competitiveness dovetails with government

allies.

R&D investment to support improvement in national competitiveness is very effective.
In particular, when looking at the industry-centered economic performance of R&D, the

To respond to the rapidly changing global economic and social environment and

trade balance of the high-tech industry is $54,086 million, the highest after China, and the

technological competition, it is the need of the hour to secure core strategic technologies

trade balance is at the 1.5 level, the highest among major countries.

in terms of innovation capabilities, growth engines, and quality of life and to gain a

In responding to various economic and social crises, uncertainties, and complexities
caused by global risks, the preparation of alternatives through science and technology
innovation and R&D investment is being recognized as a rational approach. In this
respect, major countries continue to invest in R&D despite difficult financial conditions
and economic growth prospects. Looking at overseas trends and major countries' trends,
the IMF's annual economic growth forecast is expected to rise to an average of 1.7% ('19),
–4.9% ('20), 4.3% ('21), and 3.1% ('22) in advanced countries. However, as interplay of rising
and falling factors, such as the spread of COVID-19 vaccines coexisting with the spread
of new mutants, the pace of economic recovery and income gap are expected to differ
greatly, depending on the country's response capabilities. Major countries are seeking

050

economic and social innovation and transformation through the 4th Industrial Revolution
in the recovery from the blow dealt by the COVID-19 pandemic and growth from there on,
while reinforcing technology-oriented global value chain reorganization, decentralization
between countries and companies, and regional reshoring19 of policies. This year's WEF
also presented the Great Reset through innovation and the New Normal as major agendas
to overcome and respond to the COVID-19 crisis. This emphasizes the importance of
securing more improved innovation capabilities to respond to new risks and overcome
various crises and stresses upon the urgent need to switch to a new environment.

France

UK

size and output size based on the existing budgetary efficiency. This is to convert the
existing budgetary efficiency review system into a leading investment system. For this
purpose, the government should re-design the existing government-centered economic
and social purpose programs and business systems as a cross-ministerial, mission-oriented
program. In addition, to establish a leading investment strategy, a top-down strategic
project promotion system that overcomes the efficiency-centered bottom-up budget
requirement system, such as budget reduction, is essential. In particular, investment
strategy management systems and institutions integrating major policies and technology
fields, maturity management of budget allocation systems, evidence-based scientific
investment system diagnosis, and computer-based innovation (CAI) support investment
system should be promoted. In addition, strategic investment must be the priority to
advance a leading nation and pursue a policy of innovation challenge. To this end, policy
initiatives that trigger R&D investment, mid- to long-term plans linked to ministries' plans,
and systems that can strategically adjust projects and budgets should be established. In
addition, mission- and program-oriented implementation plans and coordination plans
should be designed with an eye on interagency projects and multi-ministerial cooperation.
sectors, strengthen restructuring between new and continuing projects, and adopt a new
perspective toward sunset projects.

Korea

United

Japan

Export amount

162,081

396,908

109,624

282,086

143,608

106,561

767,936

Reinforcement of leading science and technology policies in major countries and expansion

Import amount

107,995

591,405

151,467

231,727

118,877

125,020

647,817

of mission-type R&D investment are efforts to maximize investment effectiveness by

Balance of trade

54,086

-194,496

-41,843

50,359

24,732

-18,458

120,118

systematizing limited budgets and insufficient budgets centered on strategy. In addition,

1.5

0.7

0.7

1.2

1.2

0.9

1.2

improving the effectiveness of investment policies requires systematic improvement in

Balance of trade (Export/Import)

Germany

establish a budget strategic review system centered on the mission that adjusts the input

It is necessary to institutionalize the budget allocation portfolio in the policy and technology

[Table 13] Status of the Trade Balance of High-Tech Industries in Major Countries (Source: OECD MSTI 2020-1, KISTEP, and others)
Division (million dollars)

technological edge and market transformation strategy. To this end, the government must

China

consideration of budget efficiency and strategy, and it is an approach toward considering
the conversion of the existing government-led steering system to a hierarchical self18

The World Economic Forum (WEF) annually evaluates and announces national competitiveness in 140 countries and calculates rankings

adjusted (aggregation) system of policies, projects, and research. In particular, the feasibility,

through surveys of CEOs of international organizations and companies in 12 areas of the basic environment, human resources, market,

adequacy review, and adjustment of the detailed project unit can secure budget efficiency

and innovative ecosystem. Korea's overall ranking was 11th in 2007 and 26th in 2016.
19

Return of the manufacturing industry to its home country: It is a phenomenon wherein domestic companies overseas return to Korea
and this is used as a tool in policies to resolve the domestic economic downturn and unemployment difficulties.

results but can hinder the completeness of the plan, such as the mission and purpose of
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the original program. Therefore, it is essential to allocate the total budget by reorganizing
the functions of ministries, sector-oriented programs, and business systems into missionoriented programs. In addition, it is necessary to switch to a project budget adjustment
system centered on the delimiting of expenditure allocation and structure according
to policies and technology fields. This can be achieved through budget allocation and
adjustment of business units; however, it cannot guarantee the strategic nature of policy
units, and it can cause imbalance between the program's mission and purpose, goals, and
performance. In this respect, major countries and global leading companies are striving to
introduce overall strategy management, considering the hierarchy of policies, businesses,
and research, and to establish a strategy system that actively responds to external changes
and demonstrates leadership capabilities. Major countries and global companies will focus
more on expanding technological hegemony and innovation capabilities for sustainable
growth and job expansion in a society fraught with danger, where global crises become
commonplace. In this process, it appears that the need to supplement the government's
market intervention and system failures will increase, and the role of government R&D
investment and the legitimacy of budget input will be strengthened. Therefore, major
countries are expanding mission-oriented programs that challenge them to be innovative

052

for technological hegemony and market leadership. It is expected that they will further

053

strengthen investment policies and strategic systems that strategically link economic and
social purposes and scientific goals.
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Act on Support of Scientists and Engineers,” aimed at continuing the existing policies
and presenting the direction, goals, and vision of national science and technology human
resource policy reflecting the huge changes in the times.
In addition, to establish a more timely direction and find projects to carry forward, the
planning committee was formed and operated mainly by private experts in each field of
industry, academics, and research, and organized online forums jointly with the Korean
Federation of Science and Technology Societies (KOFST) and the Korean Academy of
Science and Technology to collect various opinions

Hye-Jung Joo, KISTEP
Won-Hong Lee, KISTEP
Min-Kyu Bok, KISTEP

[Figure 1] Execution System of 4th Basic Plan for HR ST

Presidential Advisory Council on Education Science & Technology

Present Agenda | Review & Approval

Collect opinion of
relevant organizations
and the public
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technology supremacy, and the climate crisis, as well as the accelerated introduction
of new technologies such as the AI and big data that represents the fourth industrial

1. Evaluating the competitiveness of human resources in Korea

revolution. Each country not only puts great efforts to overcoming the crisis but also pays

in response to future environment changes

attention to the importance of human resources to secure the initiative of the new industry
in the future, focusing on the development and protection of high-tech personnel with the

Major environmental changes and challenges related to human resources in science

capabilities required by the changed times and the discovery of various talents. Fostering

and technology

innovation-leading talent that will support a national transformation strategy such as

Let us take a closer look at the future environmental changes and the challenges associated

the Digital New Deal, the Green New Deal, and the 2050 Carbon Neutrality Declaration

with science and technology talents that are important for setting the direction of the 4th

has become an urgent task for Korea as well1. Thus far, the “Fourth Basic Plan for the

Basic Plan for HRST.

Development and Support of HRST (2021–2025) (hereinafter referred to as the 4th Basic

First, job changes and uncertainties due to industrial and technological changes are

Plan for HRST),” which has been established in five-year increments under the “Special

progressing at an unparalleled speed and scale. In a recent report, WEF2 predicted dynamic
job changes, with 85 million jobs replaced by automation, and 97 million jobs will newly be

* This manuscript was compiled based on the main contents of the “Fourth Basic Plan for the Development and Support of HRST” that

created between 2020 and 2025.

was settled on 25 February 2021 through the Presidential Advisory Council on Education, Science & Technology. Country-specific
measurements

Accordingly, basic competencies and the ability to respond flexibly to unpredictable

The Digital New Deal, the Green New Deal, and the Carbon Neutrality Declaration are not only intended to overcome the economic

1

crisis triggered by COVID-19, but also to provide a foothold for future sustainable growth in response to the policy transition of the
United States. The creation of industry demand and for job creation are key factors, so tasks related to human resources are included
as important factors

2

WEF, 2020.10, The Future of Jobs Report 2020
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environmental changes are emphasized, and the need for continuous development of

generation of 50–60 year-olds will work longer as main powers in the society, and women's

competence and lifelong education of incumbents is recognized as an important task.

participation in economic activities and growth as leaders is gradually increasing. With the

Future core competencies for new industries and new jobs proposed by OECD and WEF

rise of various human resources, it is necessary to have a growth and activity base that suits

include the flexibility and ability to respond to change, ability to discover and solve

their characteristics so that they can maximize their professionalism and overcome social

problems, entrepreneurial thinking capability, social responsibility, and human-centered

constraints to live and grow step by step during their entire life cycle.

thinking. These are competencies that are difficult to acquire through knowledge education
at school and requires a variety of field-oriented humanities education that can cultivate

Diagnosis of the competitiveness of Korean human resources in science and

communication, collaboration ability, inclusion, and ethical consciousness as well as digital

technology

retraining that can be linked to existing expertise in response to the reorganization of the

Then, let us examine the achievements and limitations of the past executed policies in terms

industrial structure.

of how well are Korea's policies human resources in science and technology preparing for
such a huge change.

Second, in preparation for the future, it is necessary to have a more active influx of science
and engineering talents and a foundation for the continuous activity of various members
of society according to changes in the population structure that cause the fundamental
problem of quantitative shortage of human resources. Korea is the country with the
lowest birthrate and fastest aging population in the world. The school-age population
will drop from 7,821 thousand people in 2020 to 6,076 thousand in 2030 , and the new
3

[Figure 4] Key Performance Indicators of Implementation of Policies in Human Resources of Science and Technology
Number of Researchers per 1,000
economically Active Population (FTE)

14.7

Supply of Professional Engineers (IMD)

34th

Number of Ph.D. Graduates in
Science and Engineering (KEDI)

25th

7,263
5,978

13.3

influx of engineering and engineering personnel in Korea will significantly decrease in the
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next 10 years4. In particular, the industrial geography in the future is expected to change
with gradual increases in the demand for new people with basic scientific and technical
capabilities due to digital transformation. Therefore, the problem of manpower supply and

2016

2018

Average Citation
Counts per Thesis (KISTEP)

2016

Number of universities ranked within
100 in the (QS World University Rankings)

6.36 times

demand in the medium and long term is expected to intensify.

5.13 times

[Figure 2] Future Admission in Science and Engineering

[Figure 3] Mid- to Long-term Supply and Demand Outlook for

University (1,000 students)

New Manpower in the Science and Technology Field

2010~2014
World average 5.35

2014~2018
World average. 6.04

2018

2016

Brian Drain Index (IMD)

6
4

(SNU, KAIST, POSTECH,
KU, SKKU, Yonsei)

(SNU, KAIST,
POSTECH, KU)

2020

28th
46th

(Bachelor’s degree or above ; 1,000 people)
2016
Admissions in Science and Engineering Universities (Estimates, KISTEP)

Supply
Demand

305.6thousand

2019~

181
154

159

234.3thousand

47 thousand lacking

2024~

2019

2020

2022

2024

2026

2028

2030

2020

2016

2020

The three basic plans for HRST that have been devised thus far have established and
implemented detailed plans for each target and field from science prodigies to people of

306.4thousand

151
144

141

2016

0.8 thousand lacking

Enrollment Quota in Science and Engineering (2019)

199

2020

282.4thousand

In particular, as a result of the change in the composition of population, the digitalfriendly generation z and alpha generation are entering the society, the new middle-age

science and technology merits to increase the execution power of each strategy. In terms
of budget, financial investments have been significantly expanded from 7.5 trillion won
of the first plan (2006–2010) to 25 trillion won (estimated) of the third plan (2016–2020).
The quantitative scale of science and engineering human resources, such as the training of
research personnel, the supply of engineers, and the number of doctor-level personnel in
science and engineering, has been continuously expanding with the help of investments on
such systematic plans. In addition, improved results have been seen in the paper citation

3

Statistics Korea, 2019, Estimation of Funeral Population

4

KISTEP, 2019, Data of Internal Analysis

counts, which can be said to be the qualitative performance of science and engineering
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[Figure 9] Disconnection Rate among Married Non-Employed
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[Figure 10] Proportion of Researchers aged 60+

Engineering

However, despite these achievements, upon reviewing it in more detail, there are lacking
parts in the future human resource training system to respond to the challenges caused

60.1%

by the rapid environmental change that we are currently facing. First, in terms of human

3.1%

53.4%

resources training, the basic level of mathematics and science, which is increasing in

2.2%

importance in AI and big data activities, has been continuously decreasing in the case of
primary and secondary students in Korea, and the lack of basic skills and core competencies

2016

to meet social demands in university education has been highlighted.

2018

2014

2020

Source: Research and Development Activity Survey

Source: WISET

In particular, despite the increase in demand for high-quality master’s and doctoral human
resources that will lead new industries such as SW, intelligent robots, and digital healthcare,
the problem of unstable key human resource supply and demand is expected to continue

[Figure 11] External Openness/Attractiveness for Inducing Foreign

[Figure 12] Degree of Knowledge Transfer between Industry and

High-Quality Human Resources

Academics

due to the deepening of the decline in school population and graduate school inflow.

70th
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[Figure 5] key Performance Indicators of Implementati on

[Figure 6] Degree of whether University Education Meets the

of Policies in HRST

Social Demands

■ Competitiveness in Science (Rank)
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547(3)

526(5~9)
538(5~8)

University Education

522(7~13)

2006

2020

Degree of whether
University Education
Meets the Needs
of a Competitive
Economy

547(1~4)

2000

30th

■ Competitiveness in Math (Rank)
554(3~5)

552(1)

43th

519(6~10)
2012

48th

2020

2020

Source: INSEAD (Left), IMD (Right)

2020

Source: IMD (’20)

Social Demands

Second, in terms of human resource utilization, to respond to the environment of changed

2018

existing and new human resources, it is necessary to support capacity development for

Source: OECD (’19)

continuous learning and conversion work over a lifetime. However, Korea has a relatively

Source: Source: IMD (’20)

low ranking in various indicators related to the capacity development of incumbents.
[Figure 7] Current Status of Human Resource

[Figure 8] Admission Rate and Fill Rate of Science and

Shortage in New Industries

Technology Graduate Schools

% of Rate of Master's and Doctorate Graduates
per Major (2016)
26.1

16.3

26.1

average before the 30s show a sharp decline as age increases5.

■ Science and Technology Graduate School Recruitment Rate (%)
■ Science and Technology Graduate School Admission Rate (%)

305.6천 명
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24.0

87.7
% of Company R&D by Major (2016)

Compared with the OECD average, competency levels that were higher than the OECD

1.6

84.6

82.5

In particular, companies have been shown to be passive in participating in professional
re-education and training of their science and technology human resources due to the

81.7

0.8

79.3

burden of time and cost. Companies operating the training system for incumbents are

79.6

around 54.6%, and companies that operate education and training specialized in the

11.6
51.7

5.2 5.2 5.2

5.2

10.3

9.4

9.2

2017

2018

science and engineering industry were very low at 7.6%6. While the advancements of

3.8
■ Telecommunications ■ Biotechnology ■ Material
■Chemistry ■ Construction & Transportation ■ Mechanics ■ Energy & Environment ■ Other

2015

2016

2019

women are increasing, the overall system and awareness level of society for work–home

2020

Source: Higher Education in Korea (’20)

5

Korea Research Institute for Vocational Education and Training (KRIVET), June 2019, The HRD review

6

KISTEP, 2019
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balance is low, and the disconnection of women's careers due to childbirth and childcare

The implementation strategy was systemized into the following four and uncovered the

is still at a high level. Despite the increase in highly experienced scientists and engineers

detailed tasks. 1. Cultivate future talents with solid foundation; 2. Create an environment

due to the large-scale retirement of baby boomers, there is not enough foundation to

where young researchers grow as core talents; 3. Expand foundation for sustainable

systematically manage and utilize them.

activity for scientists and engineers; 4. Strengthen openness and dynamism of human
resource ecosystem.

In addition, there is still insufficient active protection and management system for human
resources with core skills in the midst of intense competition among countries around
technological supremacy7. Finally, in terms of the human resources ecosystem, there is
lack of openness to enable the influx of world-class foreign human resources and the free
exchange of information and technology between industry, academia, and research, and

A Country with Strong Human Resources in Science
and Technology Leading Innovation in the Age of
Great Transition

existing laws, systems, and statistics, etc., lack in supporting various educational innovation
and career path monitoring. In addition, the social role of scientists and engineers in
establishing national trust and spreading positive awareness of science and technology
was also concluded to be somewhat weak.

Strategy

Vision

1. Cultivate future talents with solid foundation
• Strengthen basic competencies of elementary and
secondary students in math, science, and digital

Goals
Securing talent with abilities to respond to future
change
※
University Education Meets the Needs of a

studies.
• Promote discovery and inflow of outstanding talent
to lead the future society.
• Strengthen the ability of university science and
engineering students in responding to change

Competitive Economy (IMD)
: (’20) 48th → (’25) 35th

2. Create an environment where young researchers
grow as core talents

062

2. Main contents of the 4th Basic Plan for HRST
Vision, Goals, and Strategy
Based on the current diagnosis, the basic direction of the 4th Basic Plan for HRST was set
to support the growth and continuous development of talents with solid basic skills and
problem-solving skills that can flexibly respond to changes, and to promote the influx of

Maintaining and expanding the number of science

• Establish of research base for young researchers

and technology talent

• Strengthen the support for growth of young

※ Number of researchers per 1,000
population (IMD)
: (’20) 2nd → (’25) 2nd

scientists and engineers
• Train innovative talents in promising future fields
3. Expand foundation for sustainable activity for

Advancement of ecosystem for transitioning to

scientists and engineers

the country of talent inflow.

• Strengthen lifelong learning support system for

※ Brain Drain Index (IMD)
: (’20) 28th→ (’25) 20th

scientists and engineers
• Improve digital and professional capabilities

skilled talents and build a dynamic ecosystem where various talents are active to overcome
the constraints of human resources.
Detailed Promotion Tasks per Strategy
The vision of the 4th Basic Plan for HRST was set as “A Country with Strong Human

Strategy 1 Cultivation of future talents with solid foundation

Resources in Science and Technology Leading Innovation in the Age of Great Transition,”

To cultivate strong future talents, the main strategy of the 4th Basic Plan for HRST, the

and the goal to achieve from a qualitative, quantitative, and ecological perspective was

detailed tasks are strengthening elementary and secondary education in math and science

as follows: first, securing human resources with the ability to respond to future changes;

which are basics for science and engineering majors to enhance basic math, science, and

second, sustaining and expanding the scale of human resources in science and technology;

digital competencies in elementary and secondary students and expanding learning support

and third, the advancement of the ecosystem for the transition to the country of human

for basic competencies such as customized learning suggestions and support in research

resource inflow.

on educational content and evaluation. Another task is to strengthen the infrastructure
and support of high-tech teaching and learning by linking schools, universities, companies,

7

Meanwhile, the United States established a joint committee on the prevention of foreign misconduct on science and technology systems

and communities, such as the School Teacher And Research institute (STAR) Bridge Center

(May 2019), Japan established an “Economic Group” in the National Security Strategy (NSS), the secretariat of the National Security

to strengthen the professionalism of faculty, and activate extracurricular experience/

Council (April 2020), and the EU actively strengthened foreign investment review regulations to protect core technologies (advanced

exploration activities to experience creative activities and explore their aptitude.

systems, energy, etc.) in Europe (March 2019).
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To expand and activate basic digital education, establish AI and SW education base in

engineers will be strengthened, and training of innovative talents in promising future fields

elementary and secondary stages, as well as spread best practices in education and expand

will be implemented as detailed tasks.

and operate specialized education courses. To do this, opportunities for teachers to learn
and train AI and SW teaching methods will be expanded.

First, to establish a stable research base for young researchers, tasks will be implemented
to create a system to improve treatment of student researchers and protect their rights,

Second, to discover and promote the inflow of outstanding talents to lead the society in

establish a safety management system and improve reward system for building a safe

the future, establish a system to discover science prodigies to expand and systematize

laboratory environment, strengthen the administrative and technical support base for

the support for science prodigies centered on learner growth, as well as carry out the

young researchers, and minimize research disconnection problems due to military service.

diversification of primary and secondary science and technology field job search contents

In addition, by strengthening research support at the university level, the development

and provide and internalize in-depth education programs.

and support of emerging researchers through university research institutes and support of

Third, to strengthen the ability of science and engineering university students to respond
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block-finding methods at institutional units will be expanded.

to change, efforts will be put in strengthening basic and major education and developing

Second, the tasks to strengthen the support for growth of young scientists and engineers are

curriculum of science and engineering universities, and support will be given for innovation

expanding stable research support programs for doctor-level researchers, strengthening

in education and research fields of science and engineering universities in response to the

support for master and doctoral employment and start-up, and expanding quality jobs for

digital age. In addition, to expand problem-solving capabilities based on the industrial field,

doctoral level talents. In addition, researcher-centered support for basic and convergence

field and practical education will be advanced, along with strengthened education and

research will continuously be expanded through continuous expansion of free open call

training in connection with companies and training courses for professional technology

for basic research and support for interdisciplinary and inter-institutional small-scale joint

human resources in practice. To advance the education base of science and engineering

and convergence research. Moreover, to strengthen support for finding and entering new

universities, we will promote the improvement of teaching and learning methods of

job fields, the tasks will be implemented of discovering and investigating new jobs in the

university faculty, revitalize and support flexible bachelor system operation, establish a

future, expanding vocational training and entrepreneurship support for future new job

joint curriculum and exchange cooperation system between universities, and improve the

fields, and creating a comprehensive support system for youth scientists and engineering.

educational environment such as remote classes in science and engineering universities.

Third, to cultivate innovative talents in promising future fields, world-class master’s and
doctoral-level AI and SW talents, core talents in green convergence fields such as carbon

[Figure 13] Concept Map of "Star Bridge Center"

neutral, innovative talents in the field of new bio-industries, and professional talents in the
main and specialized industries will be cultivated.

STAR (School Teacher And Research Institute) Bridge Center
Development of future teaching
and learning methods and
educational materials,
designing curriculum-related
experience activities, etc.

Development of teaching
materials using science and
technology. Development of AI
Learning Support System

Support long-term and
short-term faculty training with
domestic and overseas
research institutes

Strategy 3 Establishment of sustainable activity foundation for scientists and
engineers
The detailed tasks to be implemented to build a sustainable foundation for scientists and
engineers are as follows: strengthen lifelong learning support system, enhance digital
and professional capabilities based on field demand, revitalize women's growth and

S&T-Centered
Research Universities

Governmentfunded Research Institute

Science
Museum

Edutech
Company

Implementation Plan: (2021) Planning & Research -> (2022) Test Operation of Centers by Area (5 centers) -> (2023-) Operation of Centers by City and District

advancement, and enhance the utilization of competencies of highly-skilled and core
scientists and engineers.
First, to strengthen the lifelong learning support system of scientists and engineers, an
integrated system for lifelong support of scientists and engineers will be created through

Strategy 2 Building an environment where young researchers grow as core talents

building an education and career development service platform tailored to individual

To create an environment in which young researchers grow as core talents, a stable research

needs, and various excellent educational contents will be developed and connected. In

base for young researchers will be established, support in growth of young scientists and

addition, the education system will be improved to expand opportunities for incumbents
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to develop their competencies, and a learning design and support system that considers

Second, for the expansion of the mobility of talents between industry, academics, and research,

the learners needs will be developed to activate lifelong learning participation.

the foundation for promoting exchanges will be boosted by strengthening the support on

Second, practical and professional education in digital fields such as AI and SW will
be spread to improve digital and professional capabilities based on field demand, and
professional and convergence education in the field of innovative technology will be
expanded.
Third, to establish a system to revitalize the growth and advancement of female scientists,
a support system will be established for the growth of female scientists and engineers
throughout the cycle, support for women scientists and engineers to new high-demand
fields in industry and research will be strengthened, and a culture of work-family balance
and gender equality will be promoted.

researchers of public research institutes dispatched to or holding additional positions in
SMEs, improving systems to promote exchanges between industry, academy, and research,
and establishing joint R&D programs. In addition, joint education and research model of the
industry, academia, and research will be established and expanded based on local needs, and
various infrastructures and systems such as campus innovation park projects that can promote
various cooperation by utilizing university idle sites will be created.
Third, to strengthen communication between science and society, communication
channels and contents will be diversified by establishing a science cultural portal that
can communicate with society in an online and offline manner, expanding science
experience halls, and cultivating and utilizing science culture professionals. Furthermore,

Fourth, to enhance the utilization of competencies of highly experienced and core

the foundation will be strengthened by improving ethical guidelines in core areas of

scientists and engineers, customized activities such as follow-up research and R&D

science and technology, and the welfare support for science and technology merits will be

consulting based on their experience will be supported, and an institutional foundation

expanded to foster a social culture where scientists are respected.

for their continuous activities will be laid. To this end, career design and transition will be
supported even before retirement, and the database of highly experienced scientists and
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engineers will be improved to support more appropriate activity matching. In addition, to
establish a foundation for sustainable utilization of human resources with core technology,
a management system will be created through surveys on current status of international
exchange regulations and industrial technology protection systems, and a foundation
including supporting projects and incentives to revitalize the domestic activities of core
talents will be developed.

Fourth, for the advancement of the legal and institutional infrastructure of science and
engineering law, a regulatory improvement roadmap to support autonomous innovation
of science and engineering universities will be established, and improvements to various
laws and systems that do not reflect reality will be made. In addition, to establish evidencebased policies, the statistical system that can continuously grasp the status of scientists and
engineers throughout their life cycle will be made; a comprehensive information system
of human resources policy will be operated; and the training of professional personnel will
be strengthened.

Strategy 4 Strengthening of the openness and dynamism of the ecosystem of human
resources

[Figure 14] Concept Map of the Main Functions of “Scientists and Engineers a-Campus”

The detailed tasks to strengthen the openness and dynamism of the ecosystem of
human resources are as follows: promote domestic inflow of foreign talents; expand
mobility between industry, academia, and research; strengthen communication between
science and society; and advance the legal and institutional infrastructure of science and
engineering.
First, for the revitalization of the domestic inflow of foreign talents, strategic attraction and
comprehensive settlement support for overseas talents will be strengthened focusing on
new industries in Korea that lack core human resources; a talent circulation platform will

Educational
Direction

Provider oriented
one-way learning

Learner-centered two-way learning

Education
Method

Centered on offline
collective education

Supports hybrid learning in various ways such as online
/offline, and remote learning

Main
Function

Providing R&D related
learning contents
centered on researchers

be established through the formation of a cooperative network of outstanding talents in
domestic inflow and outflow; and technology start-up for overseas talents and support on
specialized employment to SMEs will be expanded.

Platform Linkage
(Example)

K-MOOC
(Ministry of Education)

• Strengthening content for scientists and engineers
utilizing new technologies of the 4th Industrial
Revolution such as AI and big data
• Career development support based on individual
competency diagnosis, customized learning contents
and mentoring (with K-club))

STEP

Digital Jiphyeonjeon

(Ministry of Employment and Labor)

(Ministry of Science and ICT)
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Conclusion
This paper looked at the main contents of the 4th Basic Plan for HRST established by
gathering the wisdom of relevant ministries and various experts on what new core
competencies are needed in the rapidly changing era and what strategies are needed to
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The Direction for S&T Diplomacy
in the Era of Technology War

secure next-generation science and technology talents equipped with them.
Creating a dynamic ecosystem where diverse talents can play an active role through
continuous influx of talents, having solid basic competencies and problem-solving skills,
and continuously developing professional competencies to respond flexibly to any change
is a very difficult medium- and long-term challenge that must consider the innovation of
the culture and foundation accumulated during the entire life of the talents.
However, in a situation where unpredictable uncertainty persists, and the country's

Jinha Kim, KISTEP
Nari Yoo, KISTEP
Tae-seok Moon, KISTEP

transition is requested to break through it, overcoming the national crisis and revitalizing
future new industries will only be possible through the development and utilization of
key science and technology human resources with the capabilities of the times. Therefore,
continuous attention and effort will be required not only for the establishment of 4th Basic
Plan for HRST but also for the implementation of each task.
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1. Introduction
Science and technology refer to the technology that humankind processes to be useful
in life based on the knowledge (science) acquired through experimentation based
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representative case of competition among countries based on high technology. China is
trying to preoccupy the global market by securing its own technology system, and the
United States is keeping China in check to maintain its position as a science and technology
leader in the international community in high-tech fields such as semiconductors and
quantum computers. The competition for the economic and political hegemony from the
past has been extended to the competition for the technological hegemony based on
science and technology. In other words, science and technology are no longer limited
to creating new knowledge but are also affecting the national economy and politics.
Consequently, competition for technological supremacy is emerging centered on advanced
technology as a growth engine for the future society. The paradigm of the international
society's economic and political diplomacy between nations is shifting toward science and
technology.
As the concept of “science and technology diplomacy” began to be discussed in earnest
in 2010, major countries such as the United States and the United Kingdom began to use
science and technology diplomacy as a means to enhance their science and technology
leadership in the international community and to strengthen their science and technology
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Current Domestic State of Science and Technology

Diplomacy
A. The State of Awareness of Science and Technology Diplomacy
Recently, KISTEP surveyed the level of awareness of science and technology diplomacy
among domestic science and technology and diplomacy experts. Along with the awareness
level, this survey was conducted to explore the future direction of development. As a result
of the survey, approximately 44.8% of the total respondents answered that they had never
heard of science and technology diplomacy, indicating that the level of awareness of
science and technology in South Korea was not high. In particular, in the case of diplomacy,
64.5% answered that they had never heard of science and technology diplomacy, and
36% of those in the science and technology fields answered that they had not heard of
it. The concept of science and technology diplomacy has emerged in 2010 and has not
yet been activated since it was discussed in major countries. However, although it has
been presented through major domestic science and technology policies, there is room for
concern that the level of awareness is not high.
[Figure 1] The result of the Science and Technology Diplomacy Awareness Survey
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diplomacy” and, along with theoretical discussions on science and technology diplomacy,
its government began to emphasize science and technology diplomacy as a keyword for

Non-Aware

policy units, emphasizing its necessity. Science and technology diplomacy was presented

44.8%

as a major task in the 3rd and 4th Science and Technology Basic Plan, and in 2019, the

Division

Science&Tech

Diplomacy

Ministry of Science and ICT and the Ministry of Foreign Affairs established a “Science and

Aware

64.0%

35.5%

Non-aware

36.0%

64.5%

Technology Diplomacy Strategy for an Innovative and Inclusive Nation (draft).”

Aware

55.2%

The concept of science and technology diplomacy is not yet familiar in South Korea.
In addition, the foundation for the systematic and strategic promotion of science and

[Data] Science and Technology Diplomacy Strategy and System-based Development Study (KISTEP, 2020)

technology diplomacy is not sufficiently established at the national level. This paper aims
to examine the current state of science and technology diplomacy and to discuss ways to

In addition, following the investigation of a survey on the degree of science and technology

promote more systematic and strategic science and technology diplomacy.

diplomacy implementation of South Korea, only approximately 27.4% responded that it was
doing well. As for the reason why science and technology diplomacy is being conducted
well, they answered that it was because of Korea's excellent scientific and technological
capabilities (60%), followed by Korea's increased influence in the international community
(23.6%). This can be seen as a result of the continuous increase of the government's R&D
budget and the active support for the science and technology sector at the government
level, such as the world's top R&D budget-to-GDP ratio. Meanwhile, 61.7% of the
respondents who said they were not doing well in science and technology diplomacy
suggested that it was because the national science and technology diplomacy strategy
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was insufficient (38.4%), and the regulations and links between science and technology

countries and human resource exchange. To explore the direction of science and technology

and diplomacy were insufficient as well (20.5%).

diplomacy in South Korea, this paper will look at the status of international cooperation in
science and technology from several perspectives, including R&D investment.

In addition, in response to the question of whether expertise and competence in the other
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field are necessary to work in each field of science and technology and diplomacy, the

First, from the perspective of R&D investment, South Korea's investment in the field of

majority said that it was necessary. The science and technology community answered that

international cooperation in science and technology has been expanding continuously. The

they needed diplomatic expertise in the process of carrying out scientific and technological

amount of government R&D investment in the field of domestic science and technology

international cooperation activities such as international joint research (76.6%), as well as the

international cooperation was 430 billion won as of 2020, with an average annual growth

diplomatic community said that they needed science and technology-related knowledge

rate of 9.3%, and investment in international science and technology cooperation has been

in the process of carrying out diplomatic affairs (64.5%) answered. In particular, in the field

expanding. When viewed as a percentage of the total government R&D budget, it is about

of science and technology, the demand for expertise in international organizations and

1.8%, which is quite low; however, considering that the average annual growth rate of

global governance was the highest in the field of diplomacy (55.1%). The diplomatic circles

the government R&D budget is 6.1%, it can be seen that the increase rate in the field of

suggested that specialized knowledge in industrial technology (35%) and convergence

international cooperation in science and technology is high. As of 2020, the government's

technology (35%) is necessary in the field of science and technology. These results indicate

scientific and technological international cooperation R&D projects were carried out in

that international cooperation activities or diplomatic activities in science and technology

nine departments and 32 projects. The Ministry of Science and ICT department has the

can no longer be independent of one another because science and technology have

highest proportion of the budget for international cooperation in science and technology,

become a means of competition among nations in the international community.

accounting for approximately 59.3% (16 projects, KRW 255.3 billion), followed by the
Ministry of Trade, Industry and Energy (29.5%, 4 projects, KRW 127.1 billion), followed by

[Figure 2] Results of the need for expertise survey in the process of performing tasks
Science and Technology International
Cooperation activities require diplomatic expertise

the Rural Development Administration (6.2%, 2 projects, 26.6 billion won).

Whether scientific and technological
expertise is required for diplomatic activities

55.1

Whether scientific and
technological expertise
is required

Whether diplomacy
expertise required

76.6

64.5

%

%

35.0
17.3

International
organization &
global
governance

International
relations and
security

13.3

Diplomacy policy

9.2

International
law & trade law

[Table 1] Science and Technology International Cooperation Government R&D Investment Status (Unit: 100 million

35.0

12.5

5.1
Industry technology

Convergence
technology

2016

2017

2018

2019

2020

Annual
Increment

R&D in Science and Technology
involving International
Cooperation(proportion)

3,019(1.6%)

3,219(1.7%)

3,557(1.8%)

3,779(1.8%)

4,303(1.8%)

9.3%

190,942

194,615

196,681

205,328

242,195

6.1%

Government R&D Budget

17.5

Others

Category

Basic science
technology

Others

[Data] NTIS (Business Standard)

Upon examining scientific and technological international cooperation activities in more
detail, they can be divided into R&D stage and international cooperation type. First, in

[Data] Science and Technology Diplomacy Strategy and System-based Development Study (KISTEP, 2020)

terms of the R&D stage, domestic scientific and technological international cooperation
activities were carried out centered on basic research. As there are some differences

B. The Status of Science and Technology Diplomacy and International Cooperation

between ministries, the Ministry of Science and ICT had the highest proportion of

Activities

basic research, whereas the Ministry of Trade, Industry and Energy showed the highest

South Korea's science and technology diplomacy appears to have now begun. Until now,

proportion of development research. For international cooperation type, S&T international

most of Korea's science and technology diplomacy activities have focused on international

cooperation is being carried out mostly as international joint research, and in case of

cooperation in science and technology, such as international joint research with major

the Ministry of Science and ICT, it is characterized by being evenly distributed by type,
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such as manpower exchange and infrastructure construction. Meanwhile, the Rural

resulting in a quantitative growth. In the case of patents, the international joint patent

Development Administration showed the highest proportion of ODA projects, reflecting

ranking in the international community is 15th, which is lower than the OECD average.

the characteristics of each department
[Figure 3] Current status of international cooperation in science and technology by research stage

(Unit: one million won)

[Figure 5] Status of papers published in international cooperation in
science and technology
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[Data] Science and Technology Paper Performance Analysis Study (2005–2019) (KAIST, 2020)
[Figure 6] Joint Patent Status
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[Figure 4] Current status of international cooperation in science and technology by type of international cooperation (Unit: one million won)
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Reviewing R&D achievements through domestic scientific and technological international
cooperation activities, the number of papers overall is increasing, but patents are on a
declining trend. First, out of approximately 664,000 papers published in South Korea, the
number of papers published through international cooperation has been continuously
increasing to about 20,200 papers (as of 2019). The number of the main authors and
co-authors in the thesis through international cooperation has been increasing steadily,

[Data] Science and Technology Paper Performance Analysis Study (2005–2019) (KAIST, 2020)

As we have seen thus far, the perspective of science and technology diplomacy has not
been fully reflected in South Korea's promotion of international cooperation in science and
technology. This is a situation in which Korea's soft power ranking is not higher than that
of major countries as it appears directly from the international community2. Even if you
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look at the size of the UN contribution ($69.5 Million, 2.2%), Korea is ranked 11th in the

science and technology diplomacy” as a major task of the strategy of “expansion of science

world, so it is judged that Korea's contribution and role in the international community will

and technology capacity for future challenges.” To this end, it was suggested as a task to

be significant; however, in reality, the soft power ranking is only 19th (2019). Nevertheless,

strengthen international science and technology joint research cooperation in strategic

it is positive that the growth has continued since 2016. The soft power ranking does

fields to improve the system and effectiveness of science and technology innovation ODA,

not directly represent Korea's level of science and technology diplomacy, but Korea is

to support national diplomacy through science and technology, and to advance into the

relatively low in the fields of engagement, government, and culture, which are usually used

global market. As an extension of the basic plan, the Ministry of Science and IT and the

to indicate the soft power.

Ministry of Foreign Affairs of the Republic of Korea set up a “science and technology
diplomacy strategy for innovative inclusion countries” (October,19’) and began to actively

[Figure 7] Soft Power ranking status

2016

the US

the UK

Germany

076

1

2

3

2017

3

2

4

engage in science and technology diplomacy.
2018

4

1

3

2019

5

2

Soft Power Indicators (2018)
ranking

Total
ranking Company

Culture

Digital

Govern
ment

US

Switzerland

Relation Education
ship

44

5

6

7

France

5

1

2

1

Japan

7

6

5

8

South
Korea

22

21

20

19

China

28

25

27

27

Technology Diplomacy” project to promote science and technology diplomacy in earnest,

No.1

France

Singapore

US

No.2

England

Sweden

England

Canada Netherlands Germany

England

No.3

Germany Switzerland

France

England

Norway

England

Germany

No.4

Sweden

France

Sweden

US

Sweden

No.5

US

US

Spain

Korea
No.5

Germany

Japan

Denmark

to participate,discuss, and promote science and technology diplomacy. KISTEP co-hosted

No.6

Switzerland

Finland

Japan

Switzerland Denmark

Spain

Belgium

the 1st Science and Technology diplomatic Forum with the Ministry of Science and ICT. The

No.7

Canada

Japan

Italy

Italy

Australia

forum was held in the order of two thematic presentations and panel discussion. As part of

No.8

Japan

Germany

China

Netherlands

France

social distancing due to COVID-19, it was held both offline and online simultaneously and

No.9

Australia

Korea
No.9

Turkey

Netherlands

No.10

Netherlands England

China

Canada

Korea
No.16

Korea
No.12

France

US

3

Canada

The Ministry of Science and ICT, together with KISTEP, is promoting the “Science and

No.19

Korea

Denmark Germany

Japan

Finland

Singapore Canada

Netherlands Sweden

Austria

Belgium New Zealand New Zealand
Korea
over No.30

Korea
No.19
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laying the groundwork for the systematization and strategy of domestic science and
technology diplomacy. In particular, the Ministry of Science and ICT confirmed that it was
necessary to raise awareness and broaden the base of “science and technology diplomacy”
in South Korea and provided a forum for science and technology diplomacy-related experts

was broadcast live through YouTube, and real-time Q&A was also conducted.
The first session was presented by Professor Kim Seung-hwan, a physics professor at
Pohang University of Technology and a current chairman of Science and Technology
Diplomacy Committee in the Korean Federation of Science and Technology Societies,
on the subject of “The present and future of science and technology diplomacy.” As a

C. Promotion of Full-Scale Science and Technology Diplomacy

pandemic situation such as COVID-19 appears, the importance of evidence-based and

The government recognized the importance of science and technology diplomacy and

science and technology-based global cooperation and diplomacy is emphasized, and

initiated policy support, and as discussed above, discussions on science and technology

science and technology diplomacy is discussed as a means for solving global problems

diplomacy began in high-level government plans such as the “Science and Technology Basic

and sustainable development. It was suggested that major countries such as the United

Plan.” The third science and technology basic plan presented some science and technology

Kingdom and the United States would systematically promote Science Diplomacy at the

diplomacy, but it did not lead to a practical implementation policy. Subsequently, science

government level and use it as a means to strengthen national status in the international

and technology diplomacy began to be discussed in earnest through the 4th Science and

community. In particular, it was suggested that the U.S.–China technological hegemony

Technology Basic Plan, and the plan suggested “strengthening the strategic nature of

competition is very important in terms of science and technology diplomacy, and the
competition is directly affecting South Korea in diplomacy and security. It is necessary to

2

Soft power is a concept first proposed by Joseph Samuel Nye at Harvard University in his book Bound to Lead: The Changing Nature of

expand its expertise through the convergence of science and technology and diplomacy

American Power. Soft power is the opposite of “hard power,” such as military or economic power. This means “the ability to be obtained

to gain strategic access.

through attraction rather than coercion by money or power as a means of persuasion.” Recently, Portland Communications and the USC
Center for Public Diplomacy published “Soft Power” as an annual index and used it as a reference for each country's foreign policy or
diplomatic competitiveness. (Reorganized Wikipedia)
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secure its science and technology capabilities.

diagnosed the achievements and limitations along with the history of domestic science and
technology diplomacy and international cooperation under the theme of “Performances

To this end, it will first be necessary to systematize science and technology diplomacy.

and Tasks of Science and Technology Diplomacy and International Cooperation” and

Currently, South Korea's science and technology diplomacy and international cooperation

suggested future directions. In the 1960s, as a recipient country of technological aid, he

are still being pursued by each government agency/research institute, and the

emphasized that it is very encouraging in that South Korea is now leading global science

establishment of the science and technology diplomacy system at the government level is

and technology and has transformed into a technology donor country by working with

not enough. To pursue more systematic science and technology diplomacy, it is necessary

various partners such as the United States and other technology leading countries,

to establish a national science and technology diplomacy governance. For example, it

international organizations, and developing countries. This was because the government

is necessary to examine the status of domestic science and technology diplomacy and

and researchers were interested in science and technology and were able to do so through

international cooperation and establish a system to make relevant decisions. In addition,

continuous international cooperation in science and technology. However, it is necessary

it is necessary to strengthen the Think Tank capability to support the systematic support

to supplement the science and technology diplomacy because the national level lacks

of strategic science and technology diplomacy. The role of KISTEP’s “Center for Science

structure and strategicability.

and Technology Diplomacy” requires the capability of science and technology diplomacy
to collect and analyze systematic information, develop agenda, and support strategic
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In the panel discussion that followed, he suggested that it is necessary to further expand

development. In addition, it is necessary to systematically manage the information of

science and technology diplomacy, which is still limited to international cooperation

the national science and technology diplomacy and international cooperation activities

in science and technology, and to promote science and technology diplomacy more

which have been carried out sporadically. It is necessary for each department to establish

confidently based on the level of science and technology innovation in South Korea. In

a performance management system to assess and analyze the results of international

addition, he suggested that we should listen to the voices in the field of international

cooperation and research and development and the present status of the science and

cooperation in science and technology in this process. Furthermore, he emphasized that

technology diplomacy and international cooperation projects.

the government and the private sector should actively participate in science and technology
diplomacy and international cooperation. He also agreed that the forum should create an

Second, it is necessary for science and technology diplomacy to be strategized. The

opportunity for the diplomatic and science and technology circles to actively promote

establishment and promotion of the preemptive “science and technology diplomacy

science and technology diplomacy at the governmental level.

strategy (draft)” of the Ministry of Science and ICT and the Ministry of Foreign Affairs is very
significant in this respect; however, it has some limitations in that it is not a governmentdepartmental strategy. Therefore, at the national level, it is necessary to establish a more
mid- to long-term science and technology diplomacy plan or strategy that can provide

3. Suggestions

strategic directions for each department to promote science and technology diplomacy

for a Systematic and Strategic Science and

Technology Diplomacy

and international cooperation activities. In addition, it is necessary to find and respond to
the science and technology diplomatic agenda to secure national status and leadership
in the international community. To take a leading role in global problem solving of issues

Science and Technology has already been at the center of national competitiveness. Major

such as emerging infectious diseases and climate change, and to lead the achievement

countries are trying to secure leadership and influence in the international community

of the sustainable and development goals (SDGs), it is necessary to proactively find the

based on science and technology, and science and technology diplomacy is being

international agenda and prepare countermeasures based on South Korea's technological

discussed as a means for this. However, as we previously seen, South Korea has not yet

capabilities. In addition, the government should establish a foundation for the science and

established a foundation for science and technology diplomacy. However, it is not late. It

technology diplomacy based on the foundation for more strategic science and technology

is time for Korea to take the opportunity based on the international experience of science

diplomacy. It is necessary to have a strategic approach based on the basis of strategic

and technology cooperation and diplomatic capability that Korea has been pushing to

monitoring and portfolio analysis, such as a thorough analysis of the major issues in the
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Materials, Parts and Equipment
for the Future Supply Chain1

Seonmin Jung, KISTEP
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1. Introduction
In July 2019, the Japanese government announced measures to strengthen its export
restrictions to Korea on materials, parts, and equipment essential for the production of
semiconductors and displays, which are the main industries in Korea.Immediately after the

[References]
▶

announcement, export restrictions have been strengthened on items, such as photoresist,

Ministry of Science and ICT (2018), “The 4th Science and Technology Basic Plan (2018-2022)”

▶ Ministry

high-purity hydrogen fluoride, and fluorine polyimide, essential for the production of

of Science and ICT, Ministry of Foreign Affairs (2019), “Science and Technology Diplomacy Strategy for an Innovative

display panels and semiconductors.The national concerns for the abovementioneditems—

and Inclusive Nation (draft)”
▶

Ministry of Science and ICT, KISTEP (2021), “The 1st Science and Technology Diplomacy Forum” presentation material

materials, parts and equipment— have emerged because the proportion of imports

▶

Ministry of Science, ICT and Future Planning (2013), “The 3rd Basic Plan for Science and Technology (’13-’17)”

from Japan to Korea was more than 90%, and these export restrictions of Japan have

▶

KAISTEP (2019), “Science and Technology Paper Performance Analysis Study (2005-2019)”

revealed the weaknesses of industries related to material, parts, and equipment in Korea.

▶ KISTEP(2009),“Science

and Technology International Cooperation Status Analysis and Strategic International Cooperation.” Issue

Accordingly, in August 2019, the Korean government announced the “Investment strategy

paper 2009-05
▶

KISTEP(2012), “Science and Technology International Cooperation Master Plan”

▶

KISTEP(2012), “analyzes the nature of evidence-based science diplomacy and draws up measures to enable it.”

▶ KISTEP(2012),

▶

on R&Ds and innovation measures for materials, parts, and equipment,” and 100 of those
core items requiring urgent investment by the government were selected to cope with
export restrictions of Japan on main industries of Korea, and R&D strategies for each

“Policy proposals for strategic investment in government R&D in the field of international cooperation,” Issue

paper 2016-04

sector have been established.A year later, the government reviewed the results during

KISTEP(2020), “National Science Technology Innovation Capability Evaluation”

a year for the materials, parts, and equipment innovation measures, and in July 2020, it

▶ KISTEP(2020),

“Science and Technology Diplomacy Promotion System and System-based Building Research”

https://softpower30.com

1

Item distribution status to the world (85 units) in six main categories and threekeyindustries (excerpt from the “Plan to Advance the R&D
of Materials, Parts, and Equipment (draft)” by for the materials, parts, and equipment)
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[Figure 2] Direction of preemptive discovery of future leading items

of the global supply chain, such as the trade dispute between the United States and
China and movement restrictions between countries due to COVID-19. The previously

R&D Inspire
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Equipment” preemptively responds to the reorganization of the global supply chain due
to changes in the external environment. The range of supply chain management policy for
the materials, parts, and equipment has been expanded from Japan to the global level.
Accordingly, 238 core GVC (Global Value Chain) items have been additionally classified
with the goal of preemptively responding to the reorganization of the global supply chain

(Creating future supply chain)
Sectors of future
Leading Items

electric &
electronics

advancement of
key industries

future
elements

Creation of
new industries

because of the changes in the external environment by expanding main industries of Korea
to global items,

are defined as “items that require preemptive technological preemption because they

After that, in October 2020, the “Plan to Advance the R&D of Materials, Parts, and
Equipment (draft),” has been announced,which diversifies the existing R&D investment
strategy for the materials, parts, and equipment in response to the post-coronavirus.First,
three key areas related to the Korean version New Deal Policy have been added to the
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six main industries in the existing two previously announced strategies. And 85 items

are being expected to take a core position in the realization of promising products and
services in the future.” That iswhile the existing countermeasures related to the general
manager discover and support items that are urgently required to stabilize the supply
chain currently, future-leading items are differentiated as they preemptively discover and
support items for mid- to long-term future preparation beyond short-term issues.

requiring R&D due to the urgent need for technology internalization among 238 GVC

In this paper, following are explained:The “R&D Promotion Plan for Future Leading

core items have been selected and categorized inninecore areas [Figure 1],to establish a

Items” (May 21, 2021) established as a follow-up work of the “Plan to Advance the R&D

strategy tailored for each category, and to stabilize the current supply chain for key items.

of Materials, Parts, and Equipment(draft),” for the framework of the discovery of futureleading items finally selected, and for the progresses of those plans and future plans.

The “Plan to Advance the R&D of Materials, Parts, and Equipment (draft)” has presented
a plan for preemptive discovery of related core items to create a future supply chain by
reflecting future demand as well as stabilizing the current supply chain for materials, parts,
and equipment.The basic direction, in connection with the nine core R&D items as
shown above, is to discover new future-leading items that can ① upgrade key industries
and ② create new industries in the next five years (Figure 2).Here, future-leading items

2. Discovering process of future-leading items
Future-leading items have been selected through three-step processes, mainly a step of

[Figure 1] Item distribution status to the world (85 units) in six main categories and threekeyindustries (excerpt from

discovering demand (operating discovery TF) →a step of selecting items (operating

the “Plan to Advance the R&D of Materials, Parts, and Equipment (draft)” by for the materials, parts, and equipment)

review TF) → a step of collecting corporate opinions, and finally a step of putting them

GVS Core items (338+α)
vs. Japan 100 items
vs. global 238*+α items

R&D Core items
R&D Core items
Relevant ministries TF
(adding items•adjusting)

Semiconductors

Display

Electric
Electronics

Automotive

Machinery
Metal

Machinery
Metal

8 items

7 items

5 items

3 items

12 items

12 items

Existing 100 items

on the agenda for deliberation at the 7th meeting of the Competitiveness Reinforcement
Committee for Materials, Parts, and Equipment.In this chapter, progress, and results of
promotion at each stage are to be reviewed in detail.

85 items
Bio

13 items

Environmental
Energy

18 items

SW·
Communications

7 items

A. Discovering demands
To establish a pool of candidates for the selection of future-leading items; first, the
department in charge has been designated by categorizing the main industries into
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[Table 2] Results of discovering candidate pools for future leading items inninemain sectors
Semi
conductors

Display

Automotive

Machinima,
metals

Electric,
electronics

Green
energy

Non-faceto-face

bio

Future
elements

10 items

10 items

12 items

8 items

12 items

10 items

9 items

8 items

43 items

The discovery framework of candidate group is as follows:① determined the range of
industries or sectors to which the item can be applied,② analyzed major trends from 2025

By applying the abovementioned framework, a pool of candidates for future-leading items

to 2040 using technology and industry trends, future forecast data, and technological

has been derived centered on the discovery TF, and 122 finally candidates have been

roadmaps for relevant fields,③ derived 3–5 expected promising products, services, and

derived after reviewing the main industries by the departments in charge of new industries.

platforms after 2025, based on the analysis of the development trends, and④ discovered a
candidate pool related to promising products, services, and platforms2, core technologies

B. Verification of Candidate Item

that can be secured or commercialized

Candidates for future-leading items derived through demands discovery have been verified
again by the Review TF Committee comprising industries, academia, and research experts.

[Figure 3] Future-leading item demand discovery promotion system (Excerpt fromthe R&D Promotion Planfor Future-leading items (draft)

Here, the each review TF for nine main sectors is composed of around seven members,
including △Technical Working Group for Materials, Parts, and Equipment, △ Budget Expert

Future-leading item discovery TF
(generalized by Science and Technology
Innovation Division)

Committee, △ Companies Personnel, △ Related field experts, etc. and played roles of
① review of future-leading items candidate group, ② selection of future-leading items,and
③ performing the role of reviewing technological roadmaps for the selected items.In

084

Advancement of main industries
(Ministry of Industry)
semiconductors
display

electric·electronics
automotive

review of the candidate group, the similarity and overwrapping between the previously

Creation of new industries
(Ministry of Science and ICT)

selected core strategic items (100 + 85 main items) and similar items in nine sectors, the

future materials

green·energy

outline of each candidate item, technologies of core elements, and R&D promotion plan

bio

non-face-to-face digital

have been reviewed.And items that can be selected as future-leading items have been

machinery·
metals

derived (70 items)based on the future prospects, technological innovation, and feasibility
of the candidate item.For the selected items, supplementary work has been executed
through additional review of the technical scope in the detailed outline descriptions of the

[Table 1] Considerations when deriving candidates for future-leading items

item, R&D promotion plan, core element technology, research trend, and technological
Detailed
Classification

Area

Future Promising Fields

Unit

industry

Industry or
Sector

Products · services · platforms
in the industry or front industry

Items in Materials, Parts, and
Equipment

Deriving
Criteria

-

-

-M
 ega Trends (responding to climate
changes, low fertility/aging, intelligence/
automation, non-face-to-face, etc.)
- paradigm shift inTechnologies and industries
- Economic/social ripple effects,etc.

- Contribution rate
- originality
- disintegration

Reference
point

roadmap.

Future-leading items

Promising after 2025

[Table 3] Evaluation Index for Future Leading Items
Judgment criteria
future prospects

technological innovation

feasibility

2

The following are to be considered: ① Products, services, and platforms that are not currently commercialized and important for future
technology and industrial paradigm shift ② Products, services, and platforms with a large industrial ripple effect when considering
market prospects

Main contents
▶ whether

to implement key functions in promising fields, high value-added
contributions, etc.

▶ whether

to innovate performances compared to existing items (paradigm shift in
materials and mechanisms, etc.)

▶ level

of difficulty for replacement compared to the existing items, whether core
advanced technologies are involved, etc.
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C. Collecting corporate opinions

② Display

70 items in nine sectors have been selected by establishing a candidate pool through

In the display area, six items have been selected in relation to prepare the increase in

demands discovery and selecting future-leading items through item verification.For the

demand for feeling contents in the future, ultrahigh resolution (micro-LED) that will

selected items excluding the future materials, corporate meetings have been held twice to

succeed the competitiveness of current OLED, and multi-axis flexibles (stretchable, etc.).

secure industrial acceptance in eight sectors . At the first meeting, opinions of companies

[Figure 5 ] Future technological trends and future-leading items in the Display sector (excerpted from the R&D

on the selected items had been collected for companies in demand by sector, and

Promotion Plan for Future-leading items (draft))

3

items have been further adjusted based on the sector. At the second meeting including

ultrahigh-resolution /Ultra-feeling display

suppliers, additional opinions were collected on the items adjusted through the first

(current) LCD / OLED → (after 5 years) ultrafine micro-LED

Display

meeting;finally,65 future-leading items have been derived

(current) Fixed view 3D → (after 5 years) Multiview 3D

① ultrafine micro-LED material parts
② micro-LED pixel process and inspection
equipment
③ 3D displays optical material parts

flexible display multiple foldable

④ AR・VR display materials and parts
⑤ freeform substrates and organic materials

(current) 1-axis foldable → (after 5 years) multi-axis foldable

⑥ inorganic hybrid material for foldable windows

③ Electric‧electronics

3. Deriving future-leading items

In the field of electricity and electronics, five items have been selected considering future trends
such as the spread of mobile ICT devices and electric vehicles, such as high energy (all-solid-
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As mentioned in the previous chapter, 65 future-leading items have finally been selected

state battery), non-contacting sensors (tactile), and high-voltage and high-frequency control.

through the three-step process of discovering demand (by operating the discovery TF)

[Figure 6 ] Future technology trends and future-leading items in the area of electricity and electronics (excerpted

→ review of items (by operating the review TF) → collecting corporate opinions (by

from the R&D Promotion Plan for Future leading items in Materials, Parts, and Equipment (draft)),

hosting business meetings).Those have been categorized mainly into two areas, such as
and future-leading items reflecting them were as following;
A. Future-leading items for advancement of main industries (27 items in five areas)

Electric‧ electronics

advancement of main industries and creation of new industries, and future trends by field

Batteries in high-capacity and high-reliability

① Semiconductors

(current) lithium-ion batteries →
(after 5 years) all-solid-state batteries
high-voltage control, non-contacting sensors for electric vehicles

① Solid electrolyte for all-solid-state batteries
(sulfide-based)
② lithium metal anode materials
③ Ultrasonic generator for tactile reproduction
④ High-frequency single crystal substrate
materials

(current) 400 V EV → (after 5 years) 1,000 V
(current) contacting sensors → (after 5 years) non-contacting sensors

⑤ Ultrahigh Voltage Multilayer Ceramic Capacitor
(MLCC)

In the semiconductors area, five items have been selected in relation to the ultrahigh
integration (ultra-miniaturization, high-stacking) processes essential for realization of next-

④ Automotive

generation semiconductors in response to artificial intelligence and big data processing.

In the automotive sector, six items have been selected in relation to the smartification
of automobiles (autonomous driving), ecofriendly and lightweight (electric and hydrogen

[Figure 4 ] Future technological trends and future leading items in the semiconductor area (excerpted from the
“R&D Promotion Plan (draft)

ultra-miniaturization of circuit line widths

strengthening the environmental regulations regarding automobiles.
① Ultrahigh-resolution BEUV photoresists

[Figure 7 ] Future technological trends and future leading items in the automobile sector (excerpted from the

② ALD precursors and equipment for next-

R&D Promotion Plan for Future-leading items in Materials, Parts, and Equipment (draft))

generation semiconductors
fully autonomous driving

③ 3D wafer-to-wafer direct bonding equipment
high layer structures of semiconductors

④ Materials for different types of integrated heat
dissipation

(current) 176 layers in NAND Standard →
(after 5 years) 400 layers or more

⑤ Femtosecond Laser Dicing Equipment

Automotive

Semiconductors

(current) 5 nm structure →
(after 5 years) 1.5 nm or less

vehicles) along trends of spreading convergence of automobiles with ICT technologies and

(current) Level 2–3 → (After 5 years) Level 4–5

ecofriendly and lightweight
(current) fuel efficiency in electric vehicle of 6 km/kWh →
(after 5 years) 7 km/kWh or more

4

Future materials are items selected from an ultra-long-term point of view, it is difficult to specify as one industry, so the meeting has
been held by matching with other industries.

① LiDAR module for 4D sensing (FMCW method)
② Semiconductor materials for V2X (Vehicle to
everything) communication
③ APs (Applications) for fusion sensor integrated
signal processing
④ heat dissipation board for high-voltage and high
output power semiconductor
⑤ Structural battery system for vehicles
⑥ Drive modules of lubrication-free, ecofriendly,
low-friction, and high-durability
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⑤ Machinery and metals

② Non-face-to-face digital

In the area of machinery and metals, five items have been selected considering the items

In the non-face-to-face digital field, a total of seven items have been selected in relation to high-

that can withstand extreme environments, such as cryogenic and ultrahigh temperatures

speed communications, artificial intelligence semiconductors, and high-precision sensors that can

based on the spreading of smart manufacturing and the transition to ecofriendly energy

be core infrastructures for realizing and spreading non-face-to-face digital services, considering

and smart machinery.

the increasing demand for various non-face-to-face services to prepare for the post-Corona era.

[Figure 8 ] Future technological trends and future leading items in the automobile sector (excerpted from the
R&D Promotion Plan for Future-leading items in Machinery and Metals (draft))
responding extreme environments such as

Machinery and Metals

cryogenic and ultrahigh temperatures
(current) LNG storage → (after 5 years) liquid hydrogen storage

high-speed wired and wireless communications
embrittlement resistance)

① GaN integrated circuits for power amplifier for 6G communication
② Large capacity coherent optical communication components

(current) 5G → (after 5 years) 6G, low-orbit satellites, etc.

③ Satellites for low-orbit satellite communication, mobile integrated

application and spread of artificial intelligence

④ PIM (Process In Memory) semiconductors for artificial intelligence

② Heat-resistant materials containing low-rare metal for

terminal modems

③ Metal powders for 3D printing (based on sintering)
④ Precision position recognition equipment for

(current) laser-based/low-carbon steels →
(after 5 years) sinter-based/high-carbon steels
(current) autonomous driving Lv 3.5 →
(after 5 years) autonomous driving Lv 4 or higher

from the R&D Promotion Plan for Future-leading items in Machinery and Metals (draft))

① Metal material for storage of liquid hydrogen (hydrogen

gas turbines
Spreading of smart manufacturing

[Figure 10 ] Future technological trends and future leading items in the non-face-to-face digital sector (excerpted

construction machinery

⑤ Quantum repeater parts and modules for quantum internet
(current) GPU-based → after (5 years)
NPU (Neural Processing Unit, neuromorphic

⑥ Optical communication components for terabit-class data transmission
⑦ Mobile high-precision digital radar chipsets

⑤ Autonomous driving system for atypical indoor and
outdoor robots

③ Bio
In the biosector, five items have been selected in relation to the advancement of
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B. Future-leading items that will lead the creation of new industries (38 items in four areas)

regenerative medicine and green bioresponding global health emergency situations, such

① Future materials

as COVID-19, and a trend to ensure carbon neutrality.

In the future materials sector, with setting the technological realization period after 2030

[Figure 11 ] Future technological trends and future leading items in the Biosector (excerpted

different from the other eight sectors, a total of 21 items have been discovered to prepare

from the R&D Promotion Plan for Future-leading items in Machinery and Metals (draft))

for the ultra-long-term future in 10 years, such as next-generation ICTs, next-generation

Advancement of regenerative medicines

bio, next-generation manufacturing, and next-generation energies.

(current) genetic therapies →

Bio

(after 5 years) intractable disease treatments

① Chemically synthesized nucleic acid and viral vector
materials for gene therapy
② Supports and artificial organ biomaterials for human
body transplants

[Figure 9 ] Future technological trends and future leading items in the Future Materials sector (excerpted from the

ecofriendly bio

R&D Promotion Plan for Future-leading items in Machinery and Metals (draft))

(current) animal meats → (after 5 years) cultured meats

③ Apparatus for hyper-parallel DNA synthesis and analysis
④ Materials substituting meats
⑤ Ecofriendly feeds

1. Ferroelectric optical material for next-generation communication
2. Active material for quantum computer operated in room temperature
3. Metal lens material for 3D AR
In the case of future materials,
“special material for
10 years hence,”
considering the material
characteristics
that require long-term
development.

ICT

4. Hologram meta material
5. Broadband infrared sensor material for hyperspectral imaging
6. Single crystal diamond semiconductor material for extreme environments
7. Fiber OLED material for future cars
8. Ultrahigh frequency material for next-generation communication

Future Materials

9. electronic materials imitating human senses for human augmentation
Bio

manuf
acturing

④ Green energies
In the Green Energy sector, a total of five items have been selected in high-efficiency
renewable energies and green hydrogen production that can contribute to global carbon
neutrality responding crises related to future climate changes.

10. Immune reacting control type bio-interfacing material
11. Artificial muscle materials for soft wearables

[Figure 12 ] Future technological trends and future leading items in the Green Energy sector (excerpted from the

12. Biodegradable shape memory materials for intra-body injection

R&D Promotion Plan for Future-leading items in Machinery and Metals (draft))

13. Nanocomposite materials for memristors
14. Nanostructured aluminum alloy

High-efficiency renewable energy

Quantum computers,

① Perovskite materials for dry process
② Detachable blades for extra-large wind power generation

beta cells, etc.
energy

15. Next-generation all-solid-state battery material (oxide-based)
16. Material for dual ion battery
17. Light metal hydrides for storage of high-density hydrogen
18. Ceramic materials for low-temperature water electrolysis
19. Nitride semiconductor materials for beta cells
20. Nano catalyst materials for ammonia fuel cell
21. Ecofriendly perovskite material (Pb-free)

Green energy

holograms, human augmentation,

(current) silicon solar powers → (after 5 years) perovskites
(current) general wind powers → (after 5 years) super large wind powers

③ High stability anion exchange membrane water
electrolysis stacks
④ Ceramic electrolytic cells of high-efficiency and high-

Green Hydrogen Production

durability
⑤ High-strength composite nanofiber materials (Solvent

(current) gray hydrogen → (after 5 years) green hydrogen

free melting, electrospinning)
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The Direction of Establishing
the 5th Science and Technology Basic Plan1

R&Ds can be executed consistently and stably. First, the R&D budgets for the selected futureleading items shall be reviewed for the appropriateness and reflected in the R&D budgets from
2022. When required a large-scale project planning depending on the item, it is planned to provide
supports, such as a preliminary consulting for preliminary feasibility study and a redundancy review
of a new project in advance, etc. Second, the implementation review for managing the progress of
R&Ds related to the future-leading items is to be conducted in the second half of every year by the
Special Committee on Materials, Parts, and Equipment under the National Science and Technology

Yun-mi Ko, KISTEP

Council. Through the implementation review, it is reviewed whether the budget for each item is
reflected, and the review result is to be linked with the adjustment of the R&D budget allocation
next year. Lastly, the current roadmap for each item is to be redesigned with interval of every three
years considering internal and external environmental changes and development progress by item.
Through this, a plan is made to flexibly manage and support the future-leading items with a mid- to

1. Introduction

long-term perspective, rather than short-term and one-off management, such as adding new items
or changing development periods and goals for existing items.
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As the end of the 4th Science and Technology Basic Plan (‘18–‘22) is imminent, the direction
for establishing the 5th Science and Technology Basic Plan (‘23-‘27) has been established2 to
set up a follow-up plan in a timely manner, and this project is being promoted in earnest. The
government has established and implemented a science and technology master plan that
includes science and technology-related plans and policies every 5 years under article 7 of the
Science and Technology Basic Act. It has set goals and policy directions for the development
of science and technology in Korea over the next 5 years and presents pan-government policy
tasks to achieve them. The Basic Plan for Science and Technology is the top plan that suggests
the direction of the science and technology administration and the implementation of the
current plan. As a comprehensive plan to coordinate and organize policies and businesses in
each ministry, it includes legal requirements (22) according to the Science and Technology
Basic Act (Article 7, clause 3) (Table 1). To improve the ability to implement the science
and technology basic plan, each central administrative agency and local government has
established and implemented a yearly enforcement plan for the projects presented in the Basic
Plan for Science and Technology (Article 7 (4) of the Science and Technology Basic Act). The

[References]
▶

“R&D investment strategy and innovation measures for Materials, Parts, and Equipment (draft),” Relevant Ministries (August 2019),

▶

“Strategy 2.0, for Materials, Parts, and Equipment,” Relevant Ministries (July 2020),

▶

“Measures to advance R&Ds for Materials, Parts, and Equipment,” Relevant Ministries (October 2020),

▶

“R&D Promotion Plan for Future Leading Items for Materials, Parts, and Equipment,” Relevant Ministries (2021.5),

▶

“R&D Strategies for Future Leading Core Items for Materials, Parts, and Equipment,” Soo-yeon, Kim, et al. (2021), KISTEP.

Ministry of Science, Technology, Information and Communication is reviewing the National
Science and Technology Advisory Council by examining the results of the annual promotion
1

Reorganized based on the direction of the establishment of the 5th Science and Technology Basic Plan (‘23–‘27) (Draft); the agenda of
the Steering Committee of the National Science and Technology Advisory Council (Aug ‘21).
The direction of the establishment of the 5th Science and Technology Basic Plan (‘23—‘27) (Draft); the agenda of the Steering Committee

2

of the National Science and Technology Advisory Council (Aug ‘21).
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and implementation plan of the central administrative agencies and local government (Article

R&D management system; establishment of a researcher-centered R&D support system;

7 of the Basic Science and Technology Act).

and promotion of innovation by R&D entities such as universities, research institutes, and
regions. It also contributed to the development of new industries based on science and

[Table 1] Legal reflection on the science and technology basic plan under the Basic Act on Science and Technology.

and addressing national issues. However, the utilization and management system for key

1

The aims of the development of science and
technology and the basic direction of policy

9

Promotion of the training and utilization of science and technology
personnel.

2

The direction of industrial, human resource, and
regional innovation policies

10

Expansion and management of scientific and technological
knowledge and information resources and establishment of the
distribution system

3

Expansion of science and technology investment

11

Promotion of local science and technology

ethics considering the demographic cliff, government’s plan to secure excellent human

4

Promoting science and technology research and
developing and promoting cooperative research and
development

12

Promotion of internationalization of science and technology

resources at the national level, and policy direction for big science fields such as aerospace

2 of 4

Securing future promising technologies

13

Promotion of science and technology exchange and cooperation
between South and North Korea

5

Strengthening the capability of science and technology
innovation, such as corporations, educational
institutions, research institutes, and institutions related
to science and technology

14

Promotion of the development of science and technology culture.

Expansion of R&D results, promotion of technology
transfer and commercialization, and vitalization of
technology startups

15

Developing and nurturing growth engines based on
science and technology

2 of 15

6
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technology and expanded the role of science and technology in solving social problems

2 of 6

3 of 6

7

8

resolving national issues need to be supplemented and reflected in the 5th Science and
Technology Basic Plan. Further, the digital transformation, re-establishment of technical

and marine industries should be presented in a new manner.

[Figure 1] Vision and four strategies of the 4th Science and Technology Basic Plan
Vision
Improving the quality of life of the people through science and technology and contributing to the development of human society

Improving quality of life using science and technology,
addressing economic and social issues, and solving
global problems

3 of 15

7. Promotion of basic research

4 of 15

8. Diversification and qualitative advancement of
science and technology education.

science and technology and the science and technology policy promotion system for

16

Promotion of science and technology innovation in the private
sector

Improvement of systems and regulations to promote innovation in
science and technology
Promotion of the creation, protection, and utilization of intellectual
property based on science and technology and the creation of its
foundation.
Implementation of science and technology to consider
characteristics such as gender and to promote social values (’21.10.
enforcement)
16. Other important matters concerning the promotion of science
and technology as prescribed by Presidential Decree

Four strategies to achieve the vision

1
Expanding scientific and technological capabilities to
meet future challenges

2
Fostering a science and technology ecosystem where
innovation thrives

3
New industries led by science and
technology and job creation

2. Internal and External Environmental Analysis and Implications
Progress Results of the 4th Science and Technology Basic Plan

4
Realizing a happy life for everyone through
science and technology

■

Exploring scientific knowledge and promoting creative and challenging research

■

Creating a research immersion environment focusing on researchers

■

Cultivating creative and convergent talents

■

Spreading science and technology culture among people

■

Strengthening the strategies of science and technology diplomacy

■

Activating cooperation and convergence between subjects and fields

■

Technological innovation-type startups and revitalizing venture businesses

■

Creating competitive intellectual property

■

Establishing regional-led systems

■

Expanding public participation and strengthening the control tower

■

Strengthening the basis for responding to the 4th industrial revolution

■

Fostering innovative growth engines that people can feel

■

Taking a leap forward in the manufacturing industry and fostering services

■

Fostering small and medium-sized enterprises that are the backbone of innovative growth

■

Strengthening science and technology-based job creation

■

Realizing a healthy and active life

■

Realizing a safe society where people can live in peace

■

Creating a pleasant and comfortable living environment

■

Realizing a warm and inclusive society

Developing key science and technology and nurturing human resources for the realization of the basic plan

In the 4th Science and Technology Basic Plan, the vision of “enhancing the quality of life

Source: The 4th Science and Technology Basic Plan (Feb ‘18.)

of the people of science and technology and contributing to the development of human

3

society” was established, and 4 strategies and 19 implementation tasks were set to achieve

Changes in Future Society

the vision. Major achievements3 include the integration and maintenance of the national

Since COVID-19, the changes in the overall economic and social systems have resulted

National R&D Innovation Act enacted (‘20); Integrated Research Support System (IRIS) launched ('21); researcher-led basic research

from digital transformation, and current global issues such as the hegemony of technology

doubled ('22); 12 new R&D in Innopolis (‘19–‘20); the introduction of the new industry and new technology regulatory sandbox (‘18);

and climate change have emerged. From the technological standpoint, the competition

material, parts, equipment, R&D investment measures establishment and implementation (‘19); three data law enactments (‘20);

for technological hegemony among major countries around the world will deepen,

establishment of the National Institute of Infectious Diseases (‘20), etc.
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thereby promoting the technology block among allies and expanding efforts to secure

Trends in Major Countries

talent, build foundations, and put technology into practice for technology development.

Major countries such as the United States, China, and Japan and the European Union

With the commercialization of new technologies such as artificial intelligence, discussions

suggest the direction of national and social innovation policies based on science and

on technical ethics and regulations are expanding, increasing science and technology-

technology and are preparing the promotion system. To maintain its technological

based decision-making system for the use of public and ethical technologies, and the

dominance and gain global leadership, the United States is expanding its strategic

establishment of ethics and related laws on new technologies. In the meantime, after

technology and climate change investments, particularly based on the Endless Frontier

COVID-19, the international economy has widened the gap between countries, the global

Act4 (passed by the Senate in June ‘21). It is strengthening all-round efforts to innovate

value chain has been localized, and the digital economy has expanded. Each country is

science and technology. With science and technology independence and self-reliance

expected to actively promote growth engines for economic recovery, develop supply chains,

as its core strategy, China has established eight strategic industries and seven strategic

and improve the regulation system for the digital economy. The digital transformation

technologies and is making national efforts to secure strategic technologies.5 In the case

will accelerate the creation of new jobs, while the challenges of existing companies and

of the EU, research and innovation has been set as a key policy direction and the Horizon

people who are unable to adapt to change will emerge. With regard to the social aspect,

Europe (2021–’27) project worth a total of 95.5 billion euros is being promoted. The EU

there are rapid changes in society as a whole, such as the acceleration of changes in the

is pushing for technological independence in six strategic technology areas: materials,

demographic structure, crisis of regional extinction due to urban population concentration,

batteries, pharmaceutical raw materials, hydrogen, semiconductors, and cloud computing.

generalization of a non-contact lifestyle, institutionalization of social values, and spread

To realize the Society 5.0 vision of solving national issues with science and technology,

of hate culture among groups. As a result, the reduction of the working population and

Japan has established the 6th Basic Plan for Science and Technology and Innovation

regional extinction will become a reality; social conflict caused by the clash of values will

(’21.3.) and is promoting it.

continue to grow; and demand for new solutions for social value realization and social
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consensus will increase. Finally, in terms of environmental and security, we are striving to

In the next five years, world order in areas such as economy, society, and diplomacy will

overcome the dangers of humanity and countries, including the destruction caused by

likely shift as the world overcomes the aftereffects of COVID-19. It is time for the future

natural disasters, ecosystem damage due to climate change, repetitive national crisis due

of Korea to be redesigned based on the innovation of science and technology, following

to various factors, and civilian-led destruction of natural territory. Therefore, international

industrialization, democratization, and entering advanced countries. Furthermore, it is

cooperation to realize carbon neutrality will be strengthened, and each country is

necessary to expand the role of science and technology and expand the scope of science

expected to make efforts to secure, utilize, and circulate stable and ecofriendly resources.

and technology policies to pursue innovation in all fields, including national, economic,

Furthermore, the national-level crisis response system will be strengthened, competition

and social sectors, focusing on science and technology. Therefore, it is necessary to create

for pioneering unknown areas will expand, and efforts to expand human living areas are

a challenging environment for science and technology for Korea to be an innovative nation

expected to prepare for environmental deterioration in the long run.

and to provide economic recovery resilience for rapid recovery after a crisis. Additionally,
it is necessary to establish a new social safety net to increase social inclusion and solve the

[Table 2] Current status analysis and future prediction by field.
Divisions

Status analysis

problems of survival of mankind and the nation for a sustainable future.
Future prediction

Technology

U.S.–China technology hegemony competition

Technology bloc centered on allies and expansion
of technical regulations

Economy

Digital transformation of industry, global market
localization

Widening the gap between nations and deepening
bipolarization

Society

Entering the era of the demographic cliff and
making non-face-to-face interaction a part of
everyday life

Realizing regional extinction and increasing social
conflict

Carbon neutral efforts and crisis routine

Global efforts to cope with environmental
conservation and crisis

Environment and
security

4

Major contents such as double increase of NSF and DARPA budget, establishment of NSF Ministry of Technology and Innovation, four
times increase in investment in science and engineering (STEM) education and training, establishment of regional technology hub
establishment program ($10 billion), promotion of priprivate space exploration, etc.

5

(Eight major industries) Advanced materials, large-scale transportation, smart manufacturing/robot, future motors, advanced medical
care, agricultural machinery, etc.; (Seven technologies) artificial intelligence, quantum, integrated circuits, brain science, genetics/ bio,
healthcare, and space/ deep sea and polar exploration, etc.
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The 5th Science and Technology Basic Plan will strengthen the capability of science and
technology innovation, establish the strategy and tasks to address the current issues

(Proposal)

facing the nation and society, and present the key performance indicators that reflect the

The 5th Science and Technology Basic Plan expands the outside line of policy based on

challenge of the policy goals and the qualitative excellence of implementation results.

internal and external environment changes and analysis of major national trends to enhance

The government will present the vision of the national science and technology innovation

existing science and technology policies. Simultaneously, based on the NIS 2.0 concept

policy for the next 5 years, which is different from the existing science and technology

of the National R&D Innovation Plan (Plenary Meeting of the Science and Technology

policies, and establish a strategy to promote the four key words: recovery, inclusion,

Advisory Council in July 2018), we plan to prepare innovative measures for all sectors of

survival, innovation, and leap. From the technological standpoint, the government presents

the country and society. We present performance goals at the national level for science and

the national strategic and technical fields developed at the government level based on the

technology innovation policies that serve as the basis for establishing strategies and plans

policy trends of major countries such as the United States, China, and EU and analyzes

for each department. Further, to solve national issues, the direction, goals, and division

domestic and foreign trends, R&D status, and vulnerabilities in each technological field to

of roles for innovation policies in each field, such as science and technology, economy,

suggest the direction of our response.

society, and security, are presented. In addition to science and technology experts and
related organizations, the government intends to significantly expand the participation of
experts in each field of economy, humanities, and society; related ministries; stakeholders;
and the general public in the establishment process.

[Figure 2] National Science and Technology Innovation System ((NIS) 2.0) concept diagram

NIS

Industry

Banking

Finance

Regulation

ICT

Education

In the process of establishing a basic plan, the main contents and achievements of existing
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science and technology policies, such as Science and Technology Future Strategy 2045
(Aug ‘20. Advisory and Deliberation Council); the past science and technology basic plan;
and the mid- to long-term science and technology policy direction were analyzed. Further,

(Region)

· Universities

Innovation
Subject
Capacity

Innovation

(By Sectors)
Small Companies and Industry

· GRIs

Health and Welfare,

· Industries

National Defense, Basic Science,

(Global)

performance
Manpower
Training

Agriculture, etc.

· Economic Growth
· Jobs

we intend to explore future directions by reviewing the main contents and performance

[Interconnection and cooperation] Sicence and society conversion,

· Improved quality
of life

industry-university-research cooperationd, expanding the participation of general public

of scientific and technological statutory plans and response strategies for current issues
established by ministries and sectors.
[Table 3] Comparison between innovation and existing technology policies (example)

R&D
Support
System

R&D investment

R&D system

R&D management system
Existing past policy areas

R&D Control tower / Support tower

New areas of innovation policy

Divisions
Policy direction

Performance goals

Policy scope

Existing Science and Technology Policy

Science and Technology Innovation Policy

Focusing on science and technology promotion
and development

Focusing on solving national and social issues

Empowering local R&D for the promotion of local
science and technology

Strengthening sustainability of S&T-based regions
to overcome shrinking suburban issues

Focusing on the quantity input and output

Focusing on the quality and effectiveness of policy

Doubling the investment in basic research

Creating an effect of increasing GDP by KRW 1
billion per KRW 100 million in R&D investment

R&D-oriented policy

Covers R&D and non-R&D

Support for science and engineering education
and research and human resources

Support for science and engineering education
and research and human resources
+Foreign visa, university management innovation,
new employment tax exception, etc.

[Table 4] Vision of a basic plan for science and technology in history
Divisions

Vision

First

Realization of economic growth and a welfare society with per capita income of $15,000

Participatory government

Realization of a second entry into science and technology through the establishment of a
science and technology-oriented society

Second

First-class science and technology, rich Korea-driving the $30,000 per capita income era and
improving quality of life

Lee Myung-bak government

Developed first class-well-off people, warm society, and strong country

Third

A new era of hope to begin with creative science and technology

Fourth

Science and technology enhances the quality of people's lives and contributes to the
development of human society
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To efficiently prepare for a future society led by science and technology innovation and

[Figure 3] 5th Science and Technology Basic Plan Configuration (example)

respond quickly and flexibly to future crises that we have not experienced, it is time, more
Vision

Science and technology-based national and social innovation to
realize a hopeful future after the great transformation of the world order

than ever, to innovate and transform the national and social system based on science and
technology innovation policies. It is hoped that the goal of national innovation, economic

Strategy 1 (Recovery)

Resolving
National and
Social Issues

Strategy 2 (Inclusion)

Strategy 3 (Survival)
Solving international issues
to ensure the survival
of humanity and the nation

Enhanced recovery resilience

Building a social safety net

for rapid recovery after a crisis

for raising the tolerance of our society

Project (example)

Project (example)

Project (example)

Future growth engine

Medical and welfare

Based on science and technology

and supply chain development

innovation in an aging society

Achieving carbon neutrality

Digital economic

Create innovation and
performance for locally
self-sustain life

Strengthen crisis prediction,

Responding to job conversion

Establish a technology

after industrial restructuring

and data-based agreement system

Exploring unknown areas,
such as space and deep sea,
and creating new markets

regulation reorganization

recovery, social inclusion, human existence, and national survival will be accomplished
through the establishment and promotion of the 5th Science and Technology Basic Plan.

response, and resilience

Strategy 4 (Innovation/Leaping)
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The lesson
Innovation
Empowerment
capabilities

Technology dominance era
Innovation in the entire
cycle of R&D investment,
execution, and management

Utilization of R&D
achievements to pioneer
new markets after digital
transformation

Securing human resources
in response to demographic cliffs and upgrading the
research base by region

International cooperation
and science culture and
system for the national
development of the
Republic of Korea

Related policies

Related policies

Related policies

Related policies

R&D investment and
system, basic and
convergence research,
industry–university
research cooperation, etc.

Performance diffusion,
technology transfer/startup, intellectual property
rights/standards, etc.

Training of human
resources, local science
and technology, research
facilities, equipment, etc.

International cooperation,
science culture, science
regulations, etc.
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The 5th plan provides for forming and operating a committee for the establishment of
the science and technology basic plan, which includes experts in science, technology,
economy, liberal arts, and sociology. The 5th Basic Plan for Science and Technology will be
established by the Korea Institute of Science and Technology Planning (KISTEP) and the
Korea Institute of Science and Technology Policy (STEPI). In the process of establishing the
agenda and project planning, we intend to expand the participation of various subjects,
including committees, related ministries and institutions, stakeholders in each field,

[References]

and the general public. The committee will form the Science and Technology Basic Plan

▶

Steering Committee (2021.8.8) of the Advisory Council on Science and Technology (23–27), the 5th Master of Science and Technology (Plan)

Establishment Committee in October 2021 and establish the 5th Science and Technology

▶

Ministry of Science and Technology (2021.8.8), press release "the 5th Master of Science and Technology (23–27)."

▶

Steering Committee of the National Science and Technology Advisory Council (August 2021) and the direction of establishment of the

▶

5th Basic Science and Technology Plan (23–27) (draft).

Basic Plan by March 2022. The committee will collect opinions from all social standings and
revise the contents to finalize the plan for 2022.
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declining. Meanwhile, the cases pertaining to royalty collection and royalty amount have
been fluctuating constantly (Korea Institute of S&T Evaluation and Planning, 2021).
In South Korea, the commercialization rate of national R&D technology seems to have
stagnated in terms of certain qualitative aspects. Moreover, with a poor average annual
growth rate of -0.2% over the past five years (i.e., 2014–2018), the royalty income per case
has been experiencing a sharp decline. The technology transfer rate has also decreased
marginally since 2015 (Ministry of Trade, Industry and Energy, 2020). [Table 1] and [Table
2] depict the royalty income and technology transfer rate per national R&D case during the
time periods 2014–2018 and 2015–2018, respectively.

Inyoung Hwang, KISTEP

[Figure 1] The trend of the government R&D royalty performance (2015-2019)

1. Current Status and Discussion Background
With the government support for research and development (R&D) reaching KRW 30
million, the expectations for tangible results in the field have clearly increased. Ever since
South Korea has endeavored to invest more extensively in the R&D domain, it has been

The amount of total royalty collected (KRW 100 million)

100

The number of collection cases of royalty

■ Fixed royalty ■ Running royalty ■ Others
10,000
9,000
8,000
7,000
6,000

425
727

612
673

656

612
951

937

1,433

1,575

5,000
4,000
3,000

6,220

7,580

7,388

6,940

6,346

2,000
1,000
0

’15

’16

’17

’18

’19

3,500.00
3,000.00
2,500.00
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2,000.00
1,500.00
1,000.00
500.00
0.00

’14

’15

’16

’17

’18

’19

’20

Source: Korea Institute of S&T Evaluation and Planning (2021), 2019 National R&D Project Performance Analysis Report, restructured

displaying remarkable results in terms of the quantitative indicators of R&D, including the
number of articles and patents. In fact, in 2020, it secured the eighth position among 35

[Table 1] Royalty income per national R&D case (2014–2018) (Unit: KRW 100 million)

OECD countries for its innovation capabilities in science and technology. Moreover, the
country stands fifth in terms of the number of papers published and the number of patents
filed over the past 15 years and 10 years, respectively (Ministry of Science and ICT & Korea
Institute of S&T Evaluation and Planning, 2021).

Category

2014

Royalty fee income per
case (KRW 100 million)

9.1

2015
6.3

2016

2017

10.5

2018

13.7

Annual average growth rate
(2014-2018)

9.0

-0.2%

Source: Announcement of the 7th Technology Transfer and Commercialization Promotion Plan (Ministry of Trade, Industry and Energy, 2020)

The commercialization of national R&D technology has also been recording quantitative
growth overall; however, this growth has been stagnant in some areas. The number of
cases dealing with direct commercialization has spiraled at an average annual growth rate
of 12.6% over the past five years (i.e., 2015–2019). In contrast, with an average annual
growth rate of -7.0%, the number of cases relating to technology transfer has been

4

The summary of the National R&D Technology Commercialization Advancement Plan, presented and discussed in the 4th NIS Policy
Colloquium (July 2021).

[Table 2] National R&D technology transfer rate (2015–2018)
Category

2015

2016

2017

2018

Technology transfer rate (total)

39%

38%

38%

34%

Technology transfer rate (public research institutes)

58%

60%

51%

40%

Source: Announcement of the 7th Technology Transfer and Commercialization Promotion Plan (Ministry of Trade, Industry and Energy, 2020)
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The commercialization of technology has added value to R&D investment and increased its

Government has been promoting the creation and revitalization of related ecosystems. For

actual profit rates. It also plays a significant role in establishing a comprehensive R&D cycle

example, in its report titled Bridging the Valley of Death: Improving the Commercialization

structure encompassing the entire innovation cycle. The commercialization of technology is

of Research, the British House of Commons discusses the need to create an ecosystem

also linked inextricably to financial compensation for researchers and research institutions.

for technology commercialization to overcome the Valley of Death. The success of the

It helps increase general public awareness regarding the national R&D performance rates.

commercialization support policy by the government is subject to a timely resolution of the

In addition, commercialization enables companies in the field of technology to enhance

following issues: i) under-investment due to fluctuations in the technological and economic

their financial structures, develop their markets, and strengthen corporate competitiveness

values in commercialization (i.e., a market failure); ii) inefficiencies in the interactions

by earning profits. Such developments can further encourage these companies to discover

among innovation actors as a result of inadequately established technological systems

new niches and employ researchers in permanent roles.

(i.e., a system failure); and iii) gaps and duplications in technology commercialization as a
result of incomplete information among companies (adjustment failure) (Seong-min Kim

[Figure 2] Innovation Cycle and Technology Commercialization

et al., 2015; Korea Institute of S&T Evaluation and Planning, 2015).

Research

Revenue
Generation

Commercialization
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[Figure 3] The Valley of Death and The Darwinian Sea

Invention
Disclosure

Innovation
Cycle

Assessment
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Intellectual
Property

Licensing

Marketing

Source: NIST(2002), Between Invention and Innovation

Source: Office of Research Commercialization, Texas Tech (https://www.depts.ttu.edu/)

The challenges in the domain of technology commercialization have been described as
In this regard, many technologically advanced countries have been promoting different

Devil's River, The Valley of Death, and The Darwinian Sea; these are perceived as challenges

policies to promote the commercialization of technology at the ministerial level.

specific to the innovation field (Wicked Problem). Specifically, the following are some
of the issues raised frequently in the domain of innovation: i) Difficulties in discovering

For example, in the United States, the Trump administration has set lab-to-market as a

subject companies (i.e., suppliers) to facilitate the seamless supply of technology; ii) lack of

cross-agency priority goal to promote technology commercialization. The US government,

awareness (among customers) with regard to the marketability of public technology and

through its Small Business Innovation Research (SBIR) programs and other such regular

reliability of technology in general; iii) lack of awareness on technology commercialization;

initiatives, has been introducing a wide range of new technologies catering to small- and

iv) lack of participation (of researchers) in the technology commercialization process;

medium-sized enterprises, thus supporting R&D commercialization.

inadequately established incentive systems (i.e., incentive system inadequacies); lack of

In Germany, the Federal Ministry of Education and Research (BMBF) and the Federal

full-cycle performance management (i.e., performance management challenges); and

Ministry of Economy and Energy (BMWi) have been promoting cross-departmental support

transfer issues pertaining to national R&D project outcomes (i.e., regulation issues).

programs. Various commercialization support programs aimed at small and medium-

Because multidimensional factors are intertwined with each other in the technology

sized enterprises are being organized to encourage performance, ensure knowledge

commercialization process, it is necessary to identify the key multidimensional factors and

acquisition, and support start-ups. However, despite its excellent R&D capabilities, the

generate specific policies based on the same. Such a comprehensive strategy needs to be

rate of commercialization in the UK continues to be inadequate. Consequently, the UK

implemented in conjunction with full life-cycle efforts to derive positive outcomes.
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Therefore, such key multidimensional factors must be classified into R&D stages, and

for these papers. In addition, keywords related to general research methodologies such

solutions should be derived with a consideration of the distinct features of each stage.

as “AHP,” “DEA,” “two-step least squares method,” “grounded theory,” and “text mining”

In addition, a strategy for the advancement of R&D technology commercialization should

were removed.

be established to resolve the significant challenges faced repeatedly in this area. In this
regard, this paper attempts to provide the essential data for designing a strategic plan

From the keywords extracted through this process, hub keywords were identified through

aimed at the advancement of South Korea's national R&D technology commercialization.

network visualization. Furthermore, through network analyses of the top 30 keywords, we

To this end, the key factors of technology commercialization have been identified and the

analyzed the main keywords pertaining to the challenges faced repeatedly in the research field.

major challenges in this domain explored.

3. Identifying

2. Research Design

Key Factors Influencing Technology Commer-

cialization and Searching for Keywords Pertaining to the
Challenges in This Domain

This study aims employs the following methods to identify the key issues pertaining to
technology commercialization in each R&D stage: 1) Identification of the key factors

First, a total of 38 factors were derived as a result of a systematic in-depth analysis of Korean

affecting technology commercialization; and 2) exploring the frequently used keywords
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literature in technology commercialization. These factors were categorized in terms of R&D

in relation to technology commercialization. The former is conducted by a systematic

stages and types and weighted according to the frequency of appearance; through this

literature review, whereas the latter is performed through a keyword network analysis. The

process, a total of eight key factors were finalized (R&D cooperation, R&D cost, characteristics

analysis frame of this study has been delineated in [Figure 4].

and fields of technology, patents, R&D competency, technology consumer competency, TLO
competency, market activity and size). The analysis results are presented in [Table 3].

[Figure 4] Analysis Framework of the Study

[Table 3] Analysis of the key factors (classified in terms of the R&D stages) influencing technology transfer and commercialization
Identification of key factors in
technology commercialization

Exploring for key keywords that
are repeatedly raised in relation
to technology commercialization

Systematic Literature Review

Keyword Network Analysis

R&D stage
R&D planning
Types of
key factors

Main issues of technology commercialization

First, the primary factors influencing technology commercialization were identified through
a systematic literature review of local articles on factors affecting technology transfer and

R&D implementation

Utilizing outcomes

Process factor

• R&D cooperation
• R&D costs

Competency
and trait
factors

• Characteristics and
technical and fields
• Patents (held by research
conducting institution)

-

• Technology consumer
(company) competency
• TLO competency

Environmental
factors

-

• R&D capability
(of research institution)

• Market activity and size

commercialization. The derived factors were classified in terms of the R&D stages and
analyzed according to the frequency of appearance. Next, keywords and article names

The “process factors” and “competency and trait factors” were the most influential factors in

(such as “technology commercialization” and “technology transfer”) were browsed in the

the R&D planning stage, whereas in the R&D implementation stage, the “competency and

Korea Citation Index (KCI). A total of 942 papers were extracted through this comprehensive

trait factors” were found to be the most influential determinants. Finally, the “competency

process. Further, 343 duplicated papers were removed from this collection and 599

and trait factors” and “environmental factors” were shortlisted as the most influential

retained. Keyword derivation and similar keyword integration processes were performed

factors in the utilization stage. It is noteworthy that the “competency and trait factors”
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Keyword

1

Technology
commercialization

2

TLO

networks related to technology transfer and commercialization were finalized using the

3

standard of weighted degree. The results of this analysis have been delineated in [Figure 5].
[Figure 5] Technology transfer and commercialization keyword network for articles published in Korea (left) and top

commercialization, the selected keywords were further scrutinized to obtain the final set

Degree

Weighted
Degree

Ranking

Open
innovation

Start-ups
Open
innovation
Governmentfunded
research
institute

Technology
transfer

R&D
alliance

R&D
performance

Intellectual
property
rights

Technology
brokerage
organization

Tech
nology

Eco-friendly
technology

Technology
transfer

Patent

Public research
institute

Technology
commercialization

Technological
innovation
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Governmentfunded research
institute

Entrep
reneurship

Industry–
university
cooperation

Technology
trading

Small
and mediumsized
enterprises

Technology
supplier

Industryuniversity
cooperation
foundation

Technology
valuation
University

TLO

Technology
commercialization
Business
performance

R&D
investment

Through this analysis, a hub consisting of some of the central keywords was derived. The

Degree

Weighted
Degree

16

Technological innovation

864

1,531

953

5,965

17

Industry–university
cooperation

838

1,513

Technology transfer

1,122

5,193

18

R&D stage

762

1,502

4

Government-funded
research institute

816

4,496

19

University

846

1,479

5

Open innovation

811

2,562

20

Industry–university
cooperation foundation

827

1,477

6

Intellectual property rights

853

2,487

21

Technology brokerage
organization

752

1,475

7

Public research institute

799

2,113

22

Business performance

854

1,468

8

R&D performance

760

1,910

23

Technology valuation

781

1,460

9

R&D investment

833

1,845

24

Entrepreneurship

828

1,433

10

Small and medium-sized
enterprises

905

1,743

25

Start-ups

829

1,392

11

Patent

848

1,721

26

Eco-friendly technology

529

1,367

12

R&D

869

1,687

27

Asset specificity

522

1,330

13

National R&D project

816

1,663

28

R&D alliance

522

1,330

14

Technology supplier

797

1,619

29

Technology

829

1,324

15

Patent trust

760

1,561

30

Technology trading

834

1,284

Asset
specificity

R&D
stage

Keyword

6,000

30 keyword networks (right)

National
R&D project

R&D Infographic

1,082

of relevant keywords. Based on the network of the derived keywords, the top 30 keyword

Patent
trust

KISTEP News

Keyword
Ranking

Second, to derive the keywords pertaining to the challenges faced repeatedly in technology

R&D Inspire

[Table 5] Results of analysis of the top 30 key keywords in articles related to technology transfer and commercialization in Korea.

indicates the need to strengthen the capabilities of innovators throughout the R&D cycle
to advance the commercialization of technology.

R&D Inside

[Table 6] Three key keywords related to the major challenges in technology commercialization

overall network density was very low (i.e., 0.127), and most of the keywords other than those
Keyword

included in the hub appeared only once. Although some keyword clusters comprising the
central keywords were discovered, there was a significant discrepancy within the cluster
between the central and the other keywords. This finding suggests that frequent discussions
have ensued on certain key issues pertaining to technology commercialization in Korea.
Next, diagrams based on the network of the top 30 keywords, revealed that some of the

Traits

TLO

• A key factor and a highly prevalent issue raised frequently in Korea as well as other major
countries, thus forming an independent forum for discussion

Government-funded
research institute

• The most important subject in the discussion of technology commercialization among
industry–academia–research institutes

Open innovation

• A key factor and repeatedly raised keyword in relation to “industrial–academic
cooperation” and “R&D alliance”

keywords were located at central positions. The results of the derived top 30 key keywords
based on the weighted degree are presented in [Table 5].
Among the top 30 key keywords—and excluding the search keywords “technology
commercialization” and “technology transfer”—“TLO,” “government-funded research institute,”
and “open innovation” were found to appear repeatedly in the results.
The traits for each derived keyword are presented in [Table 6].

Among the three keywords pertaining to the significant challenges to technology commercialization,
“TLO” was the central keyword with weightage similar to that of search keywords. The keyword
“Government-funded research institute” was found to enjoy maximum weightage among industry–
university–research innovation agents, thus emerging as an important topic of discussion in the
area of technology commercialization. Finally, “open innovation” was related to “industry–university
cooperation” and “R&D alliance” among the top 30 keywords.
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Stage

some people may express concerns over R&D objectives and the extent to which big
data should be employed. However, because the R&D big data being analyzed is limited
to research tasks entailing technology commercialization as their core purpose, the

Technology commercialization advancement plan

R&D implementation

• Establishing a platform for industry-academic-research exchange
• Participating in industry interest groups such as interim consulting during academicresearch R&D
• Expansion of new projects for R&D specialized zones
• Increasing flexibility in using R&D expenses for business needs

Outcome utilization

• Creating innovation bases by utilizing and linking core resources of innovation clusters
and innovation towns Creating a linked ecosystem
• Removing regulations that hinder technology transfer and commercialization
• Expansion and specialization of TLOs by field
• Strengthening of TLO expertise and independence through the operation of a specialized
organization in technology commercialization

industry, and portfolio analysis, a more strategic planning system should be established
facilitate the preemptive search for potential technologies and niche markets. Naturally,

R&D Infographic

• Exploring potential technologies and niche markets using big data and R&D results based
on the patent, thesis, industry, and portfolio analysis (4P)
• For research projects whose core purpose is technology commercialization; providing
support for systematic market analysis and establishment of related patent strategies,
such as setting target markets at the planning stage

driven, systematic selection of topics should be conducted. Based on the patent, thesis,
in the area of technology commercialization. For example, leveraging R&D big data could

KISTEP News

R&D planning

influencing technology commercialization as well as the keywords obtained with regard
such discussions: First, the R&D planning must be strategized more effectively, i.e., a data-

R&D Inspire

[Table 7] Technology commercialization advancement plan classified in terms of the R&D stages

We collaborated with industry experts to discuss at length about the key factors
to the challenges faced in this domain. The following are the conclusions drawn from

R&D Inside

systematic market analysis and establishment of relevant patent strategy would advance
the quality of outcomes in the planning stage.
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Second, in regard to the R&D implementation stage, the experts have emphasized the need
to encourage the participation of potential companies and the expansion of the interim

5. Conclusion and Implications

spin-off with the research group. Establishing a platform for continuous exchange between
the industry and the academic/industrial community, together with promoting a spin-off
by participating in interim consultation during academic/research R&D implementation,
would help to achieve this goal. In addition, some experts added that more projects for
nurturing R&D specialized zones should be established; furthermore, they emphasized on
increasing the flexibility in R&D expenses for the demand of companies.
Third, in the outcome utilization stage, experts underlined the importance of considering
qualitative growth indicators—including the efficiency of technology transfer and success

The full-cyclical efforts to promote outcomes of technology commercialization have prevailed
for a long time. Because technology commercialization inherently entails interactions
between multidimensional factors, such full-cyclical efforts must be exerted across all sectors.
Nevertheless, a comprehensive strategy considering the limits to be placed in terms of the
utilization of resources and budget for R&D should be adapted. The purpose of this study is
to classify, in terms of R&D stages, the key issues pertaining to technology commercialization
and provide essential data for formulating strategic plans to overcome such issues. To this
end, this study identifies key factors influencing technology commercialization as well as the
central keywords pertaining to the challenges faced in this area.

rate of commercialization—as opposed to focusing solely on quantitative indicators. To
this end, utilizing and linking core resources in innovation towns and clusters can act

The results revealed that the key factors differed in the R&D planning, implementation, and

as one of the strategies to create an ecosystem for innovation. In addition, the experts

outcome utilization stages. This finding suggests that a different approach is required to

have suggested the need for policy adjustments, especially for the regulations that

cater to the distinct characteristics of each stage. First, in the R&D planning stage, policy

hinder technology transfer and commercialization. Other topics of discussion included

capabilities should be focused on cooperative research planning, the establishment of a

specialization and regionalization of TLOs and strengthening of expertise and independence

strategic R&D budget, determination of technology characteristics, and the formulation of

of TLO through operating a specialized organization for technology commercialization.

IP strategies. Some of the examples of such technology commercialization strategies are

[Table 7] summarizes the technology commercialization and advancement plans for each

engaging in cooperative research planning, designing and allocating an appropriate R&D

R&D stage discussed.

budget and portfolio, identifying customer-specific technology characteristics and fields
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based on the data obtained, and strengthening the IP strategies centered on governmentfunded research institutes and universities. Second, in the R&D implementation stage, it
is necessary to expand R&D support for academia-research institutes and enhance R&D
capabilities through regional and sectoral bases. For example, from a resource-based
theoretical perspective, such enhancement may be facilitated by creating synergy effects.
Such synergy effects may be created through the sharing of competency and resources by
expanding the flexibility of R&D researchers within the same base and encouraging resource
sharing, collaboration, and mutual learning. Third, in the utilization stage, it is necessary to
promote a program to strengthen the technology commercialization capacity of SMEs and
venture companies and to increase the expertise of TLOs. Some of the examples are providing
support for companies to discover core competencies for technology commercialization,
improving efficiency through enhancement of TLO manpower and building capacities,
analyzing target markets and ways to revitalize the market for commercialization strategies.
The results of this study also propose a focus on issues related to TLO, governmentfunded research institutes, and open innovation, which are the frequently raised keywords
on technology commercialization. It also emphasizes a consideration of other complex
and diverse factors surrounding the topic of technology commercialization. Some of the
examples of such initiatives could be the promotion of field specialization and TLO expansion
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through the joint launch of the TLO and government-funded research institutes. Another
relevant example of such an initiative would be to provide more opportunities for potential
companies to participate in the entire R&D cycle by focusing on promoting the utilization
and diffusion of R&D outcomes. The in-depth discussions with industry experts underlined
the necessity to strengthen the interconnection between the innovation actors as well as the
effort to spread the outcomes of each innovation agent in the entire cycle.
The government support for R&D technology commercialization in the form of 30 trillion
won must lead to tangible, conspicuous outcomes. Technology commercialization is product
of joint efforts by the research field as well as the entire innovation ecosystem. Strengthening
the strategies of technology commercialization by each R&D stage and focusing policy
capabilities on related key issues would advance research outcomes and increase their
visibility. Consequently, such efforts would accelerate the transition from quantitative to
qualitative growth.
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As the prolongation of COVID-19 is predicted, this article aims to analyze Korea’s

■ 

technological competitiveness for the diagnosis of infectious diseases and compare
it with the major developed countries (G7) and China (hereinafter referred to as
‘major countries’) and suggest improvement plans on the basis of the analysis.
• W
 ith

diagnostic patents for infectious diseases registered in the U.S., technological

competitiveness in Korea over the last 30 years (1990–2019) was analyzed compared
to major countries.
- Using the patent evaluation system (hereinafter referred to as ‘K-PEG’) and co-citation
analysis of the Patent Information Promotion Center in Korea Institute of Patent

Ik-Chon Um, KISTEP
Bong-Jin Kim, Korea Institute of Patent Information

Information, the quality and forward citations of diagnostic patents for infectious
diseases registered in the U.S. and registered patents supported by the U.S. Federal
Government were reviewed.
• A
 ccording

to the analysis, major improvement plans were discussed to enhance the

technical competitiveness for the diagnosis of infectious diseases in Korea.

In the current COVID-19 crisis, the total periodic approach is receiving attention, including quarantine, prevention,
diagnosis, treatment, and nonproliferation of infectious diseases. Among these, the field of diagnosis is critical
in the aspect of reducing the spreading speed in a wide range in the early stages of the dissemination. This is
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an extract from “The Technological Competitiveness Analysis and Improvement Plan for Diagnosis of Infectious
Diseases in Korea (KISTEP Issue Paper Vol. 291),” which is the analysis of registered patents in the U.S. to assess
the technological competitiveness for the diag nosis of infectious diseases in Korea.

Diagnosis of infectious diseases
An infectious disease is a disease caused by specific pathogens or toxic substances

■ 

present in pathogens with which susceptible hosts (human)are infected by other
infected people.

Abstract

• T
 he types of infectious pathogens include bacteria, viruses, parasites, fungi, and protozoa.

In terms of clinical characteristics, they are classified as respiratory, gastrointestinal,
and hepatic diseases, acute febrile illness, etc.

It is important to check whether sufficient technological response capacitiesrelevant

■ 

to diagnosisare ensured from the total periodic perspective of infectious diseases
because fast and accurate diagnosis in the early stages of the dissemination of
infectious diseases may reduce the spreading speed of infection in a wide range.
• I n diagnosis of infectious diseases, the quality of diagnostic kits depends on the promptness,

accuracy, comprehensiveness (simultaneous detection of multiple pathogens), etc.
• K
 orea

has promptly developed diagnostic kits based on real-time polymerase chain

reaction (RT-PCR) in the earlier stages of COVID-19 and achieved substantial success
in exporting them. However, this development is the outcome of molecular diagnosison a
small scale and is not satisfactory in terms of the localization of gene amplification reagents
or diagnostic testing equipment required for manufacturing the diagnostic kits.
• K
 orea

is still in the lower level in the global in vitro diagnostics market, and the

truth is that the basic source technology related to diagnosis is possessed by in vitro
diagnostics companiesin the major developed countries.

[Table 1] Classification system for infectious diseases
Classification

Classification criteria

Class 1 Infectious Disease
(17 types)

Infectious diseases spread through bioterrorism or those with a high mortality rate or a high
risk of mass outbreak, requiring high-level isolation, such as negative pressure isolation
e.g. Ebola virus disease, Marburg hemorrhagic fever, Lassa fever, Middle East Respiratory
Syndrome, etc.

Class 2 Infectious Disease
(20 types)

infectious diseases that shall be reported within 24 hours of outbreak or epidemic in
consideration of the possibility of transmission and require isolation
e.g. Tuberculosis, Varicella, Measles, Cholera, Typhoid, etc.

Class 3 Infectious Disease
(26 types)

infectious diseases that shall be reported within 24 hours of outbreak or epidemic in
consideration of the possibility of transmission and require isolation
e.g. Tuberculosis, Varicella, Measles, Cholera, Typhoid, etc.

Class 4 Infectious Disease
(22 types)

infectious diseases that require sentinel surveillance to investigate whether they are epidemic,
other than Classes 1 through 3 infectious diseases
e.g. Influenza, Syphilis, Ascariasis, Trichuriasis, etc.
Source: Summary of Article 2 of “INFECTIOUS DISEASE CONTROL AND PREVENTION ACT”
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Infectious diseases are the typical domains of market failures where the government

low cost and with the highest accuracy even during the latent period when there is no

should play a more active role thanthe private sectors in terms of public health.

symptom onset.

■ 

• I t

• I n

is difficult to secure the marketability of treatments and vaccines because it is not

terms of global market size, as of 2018, molecular diagnostics (27.9%) took the

easy to forecast their demand,which show the characteristics that social and economic

biggest market share, followed by immunochemical diagnostics (18.6%) and point-of-

interests and demand increase rapidly only when an infection spreads and then

care testing (13.0%).

decreases.
• I n

addition, infectious diseases exhibit the characteristics of public goods, connectivity

with basic science, and strong regulation.

Classification

[Figure 1] The incidence of respiratory viruses and variations in patent applications (1994–2017)

Influenza

The number of applications

Coronavirus
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Growth rate vs the previous year

Applications for
coronavirus

Applications for
coronavirus

[Table 2] Classification of in vitro diagnostic devices

Applications for
coronavirus

Classification criteria

Molecular diagnostics

Analytical technique by testing nucleic acids (DNA, RNA) in human bodies or viruses. Used in
testing for HIV, HPV, carcinogenic genes, genetic diseases, etc.

Point-of-care testing (POCT)

This method has been developed to allow immediate testing for diseases next to the patient
and helps see the results rapidly to increase the effect of treatment. Generally used in testing
for myocardial infarction, blood coagulation, etc.

Immunochemical diagnostics

Used in diagnosing and tracking various symptoms and diseases, including pregnancy, anemia,
allergy, and all kinds of tumor markers based on clinical immunological and chemical analyses
using antigen–antibody reactions.

Self-monitoring blood
glucose

Used in monitoring personal blood sugar levels.

Hemodiagnosis

A method to identify blood changes by measuring red and white blood cell count, platelet
count, and hemoglobin level. Used in diagnosing leukemia, anemia, autoimmune disease, etc.,
follow-up after treatment and monitoring anticoagulation treatment.

Clinical microbiological
diagnostics

Diagnosis of microbial infection by testing serum, plasma, urine, etc., to determine the
appropriate antibiotics and the dose. Used in diagnosing and tracking infectious diseases.

Histopathological
diagnostics

Pathological identification and diagnosis of the presence and status of diseases by collecting
human tissue specimens.

Hemostasis diagnostics

Diagnosis of blood coagulation. Used in diagnosing hemorrhagic diseases, platelet disorders,
and autoimmune status.

Applications for
Influenza

Source: National institute of Food and Drug Safety Evaluation (2019: 157)

Methods of analysis
Coronavirus

Influenza

Using patent analysis, which is a quantitative technique mainly used in

■ 

Note: Total patent applications for diagnosis of infectious diseases in patent offices from five countries for Intellectual Property Rights
Source: [Figure 26] quoted from the Korean Intellectual Property Office (2020: 32)

the technological competitiveness analysis, the evolution of technological
competitiveness for the diagnosis of infectious diseases has been identified in a
long-term perspective over 30 years.

Infectious disease in vitro diagnostic devices are classified into eight types, and for

■ 

• S
 ince

it is not possible to assess the quality of techniques only with patent statements

the diagnosis of viral respiratory infectious diseases such as COVID-19, molecular

with regard to technological competitiveness for the diagnosis of infectious diseases, it

diagnostics and immunochemical diagnostics are largely used.

was evaluated utilizing K-PEG (Korea-Patent Evaluation and Grading).

• P
 articularly,

molecular diagnostics can identify the relevant infectious diseases at a

• F
 urthermore,

co-citation analysis was conducted on registered patents in the name
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Looking into the patent indexes for the diagnosis of infectious diseases in Korea,

■ 

diseases.

technological competitiveness is generally low.
• T
 he

The subjects of analysis were patents registered in the U.S., Derwent Database of

■ 

RTA of Korea is 0.26, which is below average (1.00), and in terms of patent quality,

Clarivate Analytics for patent analysis, and KIWEE Database of Patent Information

Korea has been ranked 8th among the major countries, which indicates that the

Promotion Center in Korea Institute of Patent Information.

connectivity and the system of research and development are insufficient as patent

• P
 atent

families are not formed.

statements were analyzed using patent data registered in the U.S. for 22*

infectious diseases including, COVID-19, influenza, etc., to establish analysis data of
3,548 cases.

According to K-PEG analysis for registered patents of 1,842 cases, countries that

■ 

*
Fort this purpose, 20types of pandemic and epidemic diseases defined by World Health Organization,

possess S Grade of registered patents for the diagnosis of infectious diseases, are

17 types of Class 1 infectious diseases specified in “Infectious Disease Control and Prevention Act,” and 20
types of diseases from the categorized 6 groups by pathogens among Top 10 infectious diseases that were

the US (62 cases), France (2 cases), and UK (2 cases). The other countries have no S

announced by the Korea Disease Control and Prevention Agency in 2017 were selected. “Tuberculosis” as

Grade at all of registered patents for the diagnosis of infectious diseases.

chronic infectious disease and“Acquired Immune Deficiency Syndrome (AIDS)” were added.

• T
 he

average percentage of superior patents (Grades S–A3) are 47.5%, whereas Korea

(21.2%, 7 cases) and China (18.8%, 6 cases) have lower percentages of superior patents
The period of analysis was set as 30 years. Revealed Technology Advantage (RTA)

than the average, which shows that they have lower quality of patents for the diagnosis

to identify technology concentration by country, Patent Impact Index (PII) to

of infectious diseases.

■ 

evaluate patent quality, Technology Strength (TS) to identify technology gaps, and
Science Linkage to determine connectivity between basic science and patents were
utilized.
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[Figure 2] K-PEG evaluation results for the diagnosis of infectious diseases (1990–2019)
Percentages of K-PEG evaluation grade for diagnosis of infectious diseases
Grades S-A3

Grades B1-B3

K-PEG evaluation results when USA was standardized as 1

Grades C1-C2

Results of the analysis
A total of 48 countries possessedpatents (3,548 cases) registered for the diagnosis

■ 

of infectious diseases, and among these, the USA had the best technological
competitiveness in all patent indexes in the period of analysis.
• O
 ther

than the cases of patents, quality and connectivity with basic science were found

Classification
USA

Number of registered patents

RTA

PII

TS

a
Ch
in

Ko
re
a

ly

y

an

Ja
p

Ita

an
m

Ge
r

ce

a

UK

Fr
an

A
US

Ca
n

Science Linkage

2,170(61.2%)

1.22

1.19

2,578.73

64.43

Canada

129(3.6%)

1.80

1.17

150.64

37.26

France

242(6.8%)

3.02

0.55

133.04

18.65

diagnosis of infectious diseases

UK

102(2.9%)

1.32

1.09

111.19

53.71

■ 

Germany

109(3.1%)

0.52

1.03

112.53

24.82

cooperation amongthe departments
• I t

Italy

ad

ly
Ita

a
in
Ch

n
Ko
re
a

y
an

Ja
pa

m

ce

Ge
r

Al

l

a
ad

UK

Fr
an

[Table 9] General status of patents registered for the diagnosis of infectious diseases (1999–2019)

Ca
n

US

A

to be very

21(0.6%)

0.62

0.79

16.69

35.00

Japan

141(4.0%)

0.21

0.58

82.42

26.16

Korea

39(1.1%)

0.26

0.16

6.19

10.87

China

35(1.0%)

0.58

0.05

1.76

19.91

Improvement plan for technological competitiveness for the
Long-term and continuous investment in research and development and extended
is critical for the government to invest actively and consistently in the industry

related to infectious diseases, which is a typical domain of market failure. For research
and development with regard to infectious diseases, comprehensive approaches are
essential from the total periodic perspective of “quarantine-prevention-diagnosis-
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Nuclear Fusion Energy

the status of small in vitro diagnostic companies in Korea, the government

must intensively invest in basic source technology, which involves the enormous
cost of research and development and has a high riskand focus on expanding the
infrastructure for the diagnosis of infectious diseases.
Establishment of securing overseas patents for the diagnosis of infectious diseases

■ 

• A


total of 39 patent cases were registered for the diagnosis of infectious diseases by

Korea during the last 30 years (1990–2019), which is quite low in terms of quality and
quantity when compared with the major countries.Most of the source technology is

Jun-Seok Yeo, KISTEP
Ye Seul Jeong, KISTEP

owned by global pharmaceutical companies.
• C
 onsidering

the characteristics of small in vitro diagnostic companies in Korea, it is

necessary to establish strategies rapidly for securing overseas patents individually on a
small scale related to individual diagnosis of infectious diseases.
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Support for industry–university–institute research and development customized

■ 

121

for diagnosis of infectious diseases
• I n

many cases, the government supports collaborative research of industry–university–

institute to improve the quality of research performance and achieve early technology
commercialization. However, in the field of diagnosis of infectious diseases, it has been
found that individual research has higher quality than collaborative research.
• I n

terms of characteristics of substance patent, securing monopoly power of patent

directly leads to revenue generation. Reflecting these characteristics in the field of
diagnosis of infectious diseases, a method should be considered in which companies

Overview
Background
The global energy demand is forecast to increase steadily, and allthe countries in

■ 

are selected as main research institutes (so that they can wield all intellectual property

the world are transitioning from a traditional fossil fuel-oriented energy mix to a

rights) and hospitals, universities, and laboratories take part as research institutes of

sustainable and clean energy source.

consignment service.

• T
 he World Energy Outlook published by the International Energy Agencyhas expected that

the world energy demand will increase by 25% or more from 2017 to 2040.
• A
 ccording

to the policies such as the new climate system and carbon neutralization* to

comply with the Paris Agreement, the proportion of sustainable energy sources without
emitting greenhouse gases is expected to rise rapidly.
* The European Union (EU)has been promoting the European Green Deal, aiming for the carbon zero target by 2050.

KISTEP ISSUE PAPER studies science and technological innovation policy and discovers the
latest issues in the field to analyze and suggest in-depth implications and policy alternatives.

However, the current clean energy mix has constant risks in stable energy supply, so

■ 

the need for stable large-capacity power source is expected to continue.
• F
 or

renewable energies, due to their intermittent, low efficiency, and energy density,it
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is necessary to have the convergence and linkage with supplemental technologies and

are expected to be accelerated based on the research results.

facilities (Energy Storage Systems and hydrogen).

* DEMOnstration Power Plant, is anempirical reactor fordemonstrating electricity production and verifying economic
feasibility. In contrast with the research reactor, the ITER, it is equipped with power generation equipment required

• T
 hus, the development of next-generation large-capacity (role of the baseload generation)

for electricity production.

energy sourcesare still required with consideration of the safety and environmental factors

• M
 ajor

from a viewpoint of diversification of constitution of power sources to ensure energy

countries, with a country-specific target to commercialize nuclear fusion by 2050s,

are promoting R&Dsbased on a long-term plan consisting of steps of its own research

security.

equipment (research reactor), the ITER, and DEMO.

※ At present, for fossil fuels which are the current baseload generators, environmental issues, and for nuclear power
generation, issues such as safety, radioactive waste management, and nuclear proliferation exist.

[Figure 1] Mainsteps for commercializinga nuclear fusion reactor

Nuclear fusion power generation is safe, large-capacity, and clean energy without

■ 

depleting resources and emitting greenhouse gases, which is expected to be the
Up to 2020s

optimal source for the next-generation baseload generation.
• D
 euterium

and tritium, which are the fuels for nuclear fusion power generation, can be

2020s to 2030s

Research
Reactor

supplied from seawater, and buried resources are expectedto be used for approximately

(Small and
medium sized)

15 million years.

2030s to 2040s

Upto 2050s

ITER

DEMO

(Large-scale
Research reactor)

(Empirical
reactor)

Commercial
reactor

※ Seawater contains 0.03 g of deuterium per liter, and tritium can be obtained from lithium.
• T
 he

commercialized power generation capacity is expected to be more than 1GW, and it

In this briefing, nuclear fusion energy technologies-related domestic and overseas

■ 

can be used as a large-scale baseload generator source due to its low fuel cost and high
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trends are discussed, and the implications for Korea to lead the technology are

efficiency.
• T
 heoretically,

discussed.

1 g of deuterium and tritium can produce 100,000 kW of electricity per hour

(correspondingto 8 tons of petroleum).

Definitions and scope of technology

• G
 reenhouse gases and fine dust emissions are very minimal, high-level radioactive wastesare

■ 

not produced, and there is no nuclear proliferation issue of uranium, plutonium, etc.
• I n

defect(E=mc2)

conditionsare removed, the fusion reaction and power generation can be immediately

• I n a plasma state, an atomic nuclei overcomes the coulombic repulsion force(protons) and

blocked, so the risk of explosion is low.

is combined by the nuclear force. The number of protons and neutrons are conserved, and
the leftover extra mass in the original nuclei is converted into energy.

Despite the apparent advantages of nuclear fusion energy, it takes enormous time

■ 

• S
 uper-sized

It is a phenomenon in which light atomic nuclei are

fused into a heavier nucleus,causing a release of large amount of energy due tomass

addition, artificial nuclear fusion is not a spontaneous chain reaction. Thus, if the fusion

and capital to commercialize power generation due to many technological difficulties.

Definition of nuclear fusion

[Figure 2] Comparison of nuclear fusion and fission

national research facilities are essential to solve the technological difficulties

and demonstrate a significant fusion reaction.
• T
 he international communityis sympathizing with the importance of nuclear fusion energy

Neutron(n)
Deuterium (D)

Fissiongenerated
product

development and the need for joint research, thereby promoting an unprecedented joint

Neutron(n)

Nuclear
fusion

research and construction project* where seven countries are participating.
* It is the International Thermonuclear Experimental Reactor (ITER) project where seven countries are participating:

Neutron(n)

Tritium (T)

Nuclear
fission

Helium(He)

Korea, USA, EU, Japan, Russia, China, and India.

When the main schedule and goals of the ITER project are achieved, R&Ds (DEMO* and

Energy (17.6 MeV)
(D-Tfuel1g=8tons ofpetroleum)

Energy(around200MeV)
(U-235fuel1g=2tons ofpetroleum)

■ 

commercial reactor, etc.) for the commercialization of nuclear fusion in each country

Source of the figure: “The world of nuclear fusion,” Easy Science Series 10 (2016), National Nuclear Fusion Research Center
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of the fusion energy (approximately 80%) is received by neutrons in kinetic

to that of approximately 8 tons of petroleum, which is approximatelyfour times the fission

energy, and the kinetic energy is converted into thermal energy by collision between the

energy of 1 g of uranium.

neutrons and the blankets.

- The nuclear fusion reaction, in which deuterium (one neutron) and tritium (two neutrons),
[Figure 3] Schematic diagram of nuclear fusion power generation

which are hydrogen isotopes, is converted into helium relatively easy, so deuterium and
tritium are used as artificial raw materials for nuclear fusion.
■ 

Method of inducing fusion reaction

It is classified as magnetic and inertial

Fuel Supply System

confinements according to how the plasma is controlled
• M
 agnetic

Superconducting magnet

confinement | A plasma is confined by a magnetic field in a doughnut-shaped

Ultra-high
temperature
plasma

toroid.
• I nertial

Superconducting magnet

Heat generation

Fuelsupply
system

Neutron

Cooling water

confinement | Nuclear fusion reaction is induced by increasing the internal

Steam generator

pressure and heat using an explosive reaction.

Plasma heating
system

Highmagnetic field

Hightemperature water
Turbine generator

[Table 1] Comparison of fusion reaction induction methods
Magnetic confinement Method
Tokamak

Inertial confinement Method
Stellarator
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FigureSource: “The world of nuclear fusion,” Easy Science Series 10 (2016), National Nuclear Fusion Research

Laser

Coil

■ 

Technological scope of nuclear fusion

According tothe fusion power generation

processes, it can be divided into fueling cycle, fusion reactor core, system integration,
Magnet

fusion materials, and electricity system engineering, etc.1)

Plasma

Magnetic field

Plasma

[Table 2] Technological classification of nuclear fusion

Magnetic field

• P
 rinciple Amagnetic field is generated

• Principle The additional magnetic field
is directly created through the spiral
outer conductor (helical coil)

indirectly through a plasma current in
toroidal
•h
 orizontal direction
•F
 eature Simple structure enables
easy construction, but it is difficult to
control plasma stably for a long time
•R
 epresentative equipment ITER,

• Principle Inducing an explosion by
irradiating a strong laser on a small
pallet made of deuterium and tritium

• Feature

Easy to maintain plasma for
a long time, but the construction
isdifficult due to the complicated
structure

• Feature Researches on weapons
as well as energy production are in
progress. Generation of energy is quite
low compared to the input

•R
 epresentative equipment IW7-X,
LHD, etc.

• Representative equipment NIF, LMJ,
etc.

Classification

KSTAR, etc.
Source of figures: “The world of nuclear fusion,” Easy Science Series 10 (2016), National Nuclear Fusion Research Center

■ 

Nuclear fusion power generation

• A


fuel (deuterium and tritium) is injected into a high-vacuum container (tokamak, etc.)

followed by heating and controlling at an ultra-high-temperature plasma state to induce
a fusion reaction.

It refers to overall technologies that satisfy the fuel cycle of a nuclear fusion reactor in a power plant,
including technologies to manage and control tritium proliferation, extraction and storage, and
leakage inside and outside the power plant below the permissible limits.

Fueling cycle
technology

Technologiesfor continuously maintaining and controlling high-temperature and high-density plasma,
including continuous operation technology, core analysis and plasmas, including continuous operation
technology, technologies for core analysis and design, plasma diagnosis technology, plasma heating,
and current driving technologies.

Fueling cycle
technology

A technology related to the design of all systems in which a neutron energy generated by the fusion
reaction and the core of a nuclear fusion reactor a fusion reaction and a nuclear fusion reactor core is
converted into electrical energy.

Fusion material
technology

Technologies for materials and superconductors that can be used in high-energy neutrons and ultrahigh-temperature environments including high-temperature superconductor material technology,
first-wall material technology, low-radiation in ultra-high-temperature material technology, and
breeder and coolant technology.

Electricity system
engineering and
technologies

Technologies related to the design and analysis of a system that safely transmits energy generated
from the core of a fusion reactor to the secondary phase, including blanket design technology, coolant
circulation technology, remote controlling technology, and safety system technology.

Nuclear fusion energy is converted into heat

energy to generate steam, and electricity is produced with a turbine generator

1

Details

Fueling cycle
technology

Research Field Commentary of “Classification Standard System for the National Science and Technologies,” Korea Institute of Science &
Technology Evaluation and Planning (2018)
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System configuration Tokamak-based experimental reactor consisting of a vacuum

container, superconducting magnet, low-temperature container, blanket, diverter,
Trends of international collaboration project: International fusion researchreactor

heating/current driving apparatus, and a diagnostic system.

(ITER*) Project
* International Thermonuclear Experimental Reactor

ITER

■ 

■ 

A large-scale international science and technological collaboration project to

Progress and plan

Targeting the completion of construction and the first plasma

acquisition by 2025. Site and building construction started in 2007, and recently

verify the commercialization potentials of nuclear fusion energy with scientific and

equipmentassembly (vacuum vessel sub-assembly) has started (July 2020).

engineering viewpoints

• ( Construction)

• I t is a project of research and empirical facility construction and operation in the intermediate

Total construction period is from 2007 to 2025, and the first main assembly

phase is to be completed with the seal-in of the low-temperature container by December

step toward the DEMO and commercialized reactors where a total of seven countries are

2024, and then it will enter the operation phase.

participating, through which the possibility of electricity generation by nuclear fusion

* Even in the operation phase, the remaining construction will continue.

energy will be finally verified.

• ( Operation) Aimed to verify power generation, cooling, and diagnostic system performance

through the first plasma and pre-fusion power operation (using hydrogen and helium), and
Technological target

■ 

Designing to achieve a heat output of 500MW and an energy

implement the nuclear fusion reaction of actual raw materials (D–T (deuterium–tritium)) in

amplification factor (Q) of 10 or more*.

the fusion power operation stage by 2035.

* When one energy is input, 10 or more heat is generated, that is, more than 500 MW of heat output generated with
50 MW of energy input.
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[Figure 5] ITER operation plan

[Table 3] Details of the ITER project
Category
Participating countries

Korea, EU, Japan, USA, Russia, China, and India

Project period

(Construction) 2007–2025 (18 yrs.), (Operation) 2026–2037 (12 yrs.), (Attenuation) 2037–2042 (5 yrs.),
and (Decommissioning) 2042–

Construction cost
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Detailed contents

6,963 kIUA* (approximately EUR 11.7 billion (KRW 15.2 trillion))
* kilo ITER Unit of Accounts, ITER currency unit (1 kIUA= EUR 1.75 million, as of2019)

Investment share

(Construction) EU 45.46%, and the other six countries 9.09% each.
(Operation, attenuation, and decommissioning) EU 34%, USA and Japan 13% each,
and the other fourcountries 10% each
Figure source: “ITER Research Plan within the Staged Approach,” ITER(2018)

[Figure 4] ITER construction site (May 2020, Cadarache, southern France) and a map for infrastructures and buildings
■ 

Procuring items by country

The procurement is categorized into 86 items, and the

items that are allocatedto each member country are manufactured and procured.
Then, they will be assembled and operated on site (Cadarache, France).

Picture source: ITER website, https://www.iter.org
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With atarget of the DEMO as a host country for the ITER, the most actively

promoting nuclear fusion R&Ds such as various research reactors, neutron irradiation
facilities construction, and simulation researches2,3
■ 

Japan

Various magnetic and inertia confinement methods are being developed

simultaneously and focusing on the demonstration of nuclear fusion electricity
production through a joint research with EU (BA)4,5
■ 

USA

Started nuclear fusion research inthe 1950s. Currently, focusing their research

on plasma utilization and theoretical physics-based internationally collaborated R&Ds
rather than new systems development6
■ 

Started research on nuclear fusion in earnest since the mid-1960s and

excellent research outcomes are being produced, steadily upgrading the performance

Figure source: “Analysis of the current status of domestic and foreign industries related to nuclear fusion

of research equipment (EAST, etc.) in recent years7,8

researches and preparation of a plan for utilization,” The National Research Foundation of Korea (2018).

Trends by country

■ 

Korea

Nuclear fusion research had started inthe late 1970s in earnest, so Korea is

Global major countries are promoting their own research systems and the DEMO-

a relatively latecomer. But Korea achieved global-level research outcomes such as the

related R&Ds to construct a DEMO for empiricalizing nuclear fusion power generation

world’s first realization of plasma ion temperature of 100 million degrees9,10

■ 
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China

in addition to the participation in the ITER
[Table 5] Comparison of major research systems by country
Category

ITER Organization

Korea

EU

EU & Japan

ITER

KSTAR

JET

JT-60SA

China

System
photo

System name
Organization

EAST
Chinese Academy of

ITER/France

NFRI/Korea

EUROfusion/UK

JAEA/Japan

2025 (scheduled)

2007

1983

2020

2006

6.2m

1.8m

2.96m

3.16m

1.7m

Magnet

Nb3Sn, NbTi

Nb3Sn, NbTi

Cu (Normal

Nb3Sn, NbTi

material

(superconductivity)

(superconductivity)

conduction)

15MA

2MA

6MA

/Location
Completion
Size (main
radius)

Plasma current

Science/China

(2017), The National Research Foundation of Korea.

NbTi

The Energy Insight, Vol. 4 (2019), The National Fusion Research Institute.

4

(superconductivity)

(superconductivity)

The Energy Insight, Vol. 3 (2018), The National Fusion Research Institute.

5

“Study on implementation check and benefit analysis for the international joint development project for fusion research reactor (ITER)”

5.5MA

1MA

(2017),The National Research Foundation of Korea.
6

engineering technology

First nuclear fusion

Achieving fusion

such as 500 MW-class

system in the world

output 16MW and the

heat output and tritium

using Nb3Sn

use of D–T

“Study on implementation check and benefit analysisfor the international joint development project for fusion research reactor (ITER)”

3

Empiricalizing of
Contribution

2

Achieving up to 1.25Q

utilization” (2018),The National Research Foundation of Korea.

Secred long-term
operation technology

breeding

Source: The 2nd Basic Plan for the promotion of Fusion Energy Development and the website of each institution

“Analysis of the current status of domestic and foreign industries related to nuclear fusion research and preparation of the plan for

7

“Analysis of the current status of domestic and foreign industries related to nuclear fusion research and preparation of the plan for
utilization” (2018),The National Research Foundation of Korea.

8

The Energy Insight, Vol. 3 (2018), The National Fusion Research Institute.

9

The National Fusion Research Institute website, https://www.nfri.re.kr

10

The Energy Insight, Vol. 4 (2019), The National Fusion Research Institute.
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Domestic policy trend

Policy trends

Korea had started the “A Basic Plan for National Nuclear Fusion R&Ds” in 1995 and

■ 

enacted the Nuclear Fusion Promotion Act in 2006. Korea is promoting R&Ds17,18

National and overseas policy trends
■ 

on nuclear fusion based onthe 5-year “A Basic Plan for Promotion of Fusion Energy

Recognizing nuclear fusion as the future main energy technology, and

EU

Development.”

promoting joint research along the European Atomic Energy Community Treaty*
and establishing a roadmap to fusion energy electricity production, targeting
commercialization by the 2050s11,12.

R&Ds investment

* EUROTOM: Twenty-seven majorcountries including Germany and France were members to jointly conductR&Ds on
nuclear fusion and atomic energy.

■ 

[Table 6] Promotion goals of EU fusion DEMO project
Phase (Period)

years (2016–2019)

Phase 1 (up to 2030)

ITER operation start and completion of the DEMO conceptual design

Phase 2 (2031–2040)

ITER plasma combustion and the DEMO engineering design

[Figure 7] ] No. of governmental R&D projects for nuclear fusion and investment size by year (investment period: 2016–2019)

※S
 cheduled to determine (2038) whether the DEMO is to be constructed based on the result of the

Supports for researches and
operation expenses of the
National Fusion Research Institute

ITER D–T experiment (2035)
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Optimization of ITER plasma operation and technologies, and presenting the DEMO construction

■ 

Japan

The governmental R&D investment size in nuclear fusion was

KRW 15.68 billion (as of 2019), and an annual average increase of 4.3% over the last 4
Target goal

Phase 3 (from 2040 )

Investment scale

Number of cases

Joint development of
international nuclear fusion
research reactors

Nuclear fusion basic researches

Number of cases
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Established an institutional foundation such as its own nuclear

fusion organization, setting up and promoting the DEMO roadmap, targeting
commercialization by the 2050s, similar to that of the EU13.
■ 

USA

Various nuclear fusion-related programs are being promoted by the Office

of Science and the National Nuclear Security Administration under the
Department of Energy14.
■ 

China

With the policy foundation in the “NationalScience and Technological
■ 

Development Five-Year Plan” (from 1995), such as nuclear fusion R&Ds, it has

joint development project of the ITER are on the rising trend

electricity production by 2040s15,16.

■ 

EUROfusion(2018), European Research Roadmap tothe Realization ofFusion

12

A “Study on implementation check and benefit analysis for the international joint development project for fusion research reactor

Supporting through three major projects: basic researches,

institutional supports, and international cooperation. The size and proportion of a

established and promoted the DEMO roadmap, targeting the demonstration of

11

Major projects

Classification Standard forthe National Science and Technologies

Investments

are focused on the integrated design of nuclear fusion reactors and core equipment
technologies for fusion reactors, and the size of the investment in power conversion

(ITER)” (2017), The National Research Foundation of Korea.

systems, fuel cycles, and safety and environmental impact assessment technologiesis

13

“A Roadmap toward Fusion DEMO Reactor” (2018), Science and Technology Committee on Fusion Energy.

14

“Fusion Energy Policy White Paper,”NFRI(2012).

relatively small.

15

“Progress of CFETR Design”.(2018), Zhuang, G.

17

16

A “Study on implementation check and benefit analysis for the international joint development project for fusion research reactor

Korea had started the “A Basic Plan for National Nuclear Fusion R&Ds” in 1995 and enacted the Nuclear Fusion Promotion Act in 2006.

18

Korea is promoting R&Ds on nuclear fusion based onthe 5-year “A Basic Plan for Promotion of Fusion Energy Development.”

(ITER)” (2017), The National Research Foundation of Korea.
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and in the case of execution entities, the proportion of the funded research institutes
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New Energy Industries
in the Era of Battery of Things (BoT)

Implications
Since nuclear fusion R&Ds should be approached from a long-term viewpoint to derive

■ 

outcomes and commercialization of power generation due to the need for large-scale
research facilities and technological difficulties, it is necessary to establish diversified
strategies for efficient financial input and risk management.
• I t

is necessary to promote various international collaboration approaches such as bilateral

Summarized by KISTEP from the 127th KISTEP
Wednesday Forum

collaboration based on large-scale research facilities such as EU-Japan BA, in addition to
multi-lateral collaborations such as ITER, and systematize how to utilize and introduce joint
achievements obtained through those international collaborations.
• I t

is necessary to minimize the long-term risks of financial investment through the long-

term promotion of R&Ds on nuclear fusion and the effort to raise the public receptiveness
for the technological uncertainties.
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While it is inevitable to promote R&Ds based on government-funded research institutes

■ 

due to features and the current technological level of R&Ds for nuclear fusion, but the
long-term measures on diversification of R&Ds main executing entities should also to
be reviewed as well.
• I t

is necessary to induce executing entities of R&Dsin various fields to participate in R&Ds

on nuclear fusion to raise the localization rate of related technologies and parts, and to
expand researches and industrial foundation during the development plan leading to the
commercial reactorsfor nuclear fusion via the ITER and DEMO.
• I n particular, it is necessary to establish a mid-to-long-term strategies to utilize and integrate

existing technologies and industrial infrastructures* in similar fields, such as nuclear power
(nuclear fission) andits accelerators.
* The Korea Hydro & Nuclear PowerCorporation based industrial supply-chain in nuclear field, etc.
• In


addition, it is necessary to induce domestic industries participating in the production

of procurement items in the current ITER project to participate in overseas nuclear fusion
infrastructure construction projects (EU IFMIF, China’s CFETR, etc.),together with obtaining
a non-procurement item ordersin the ITER to strengthen the technological prowess and
manpowerinthe domestic industries.

Discussion Backgrounds
The Wednesday Forum have been held to diagnose the current status of the major

■ 

issues in thenational innovation system and policies for innovating science and
technology and to seekcountermeasures.
• B
 atteries,

which used to be the hidden supporting actors of the mobile electronic device

industry, have re-emerged as a prominent figure in innovation, and are leading a new
paradigm in the energy industry.
• T
 he

imminent arrival ofthe BoT era, where all things are driven by batteries has led to the

demand of such sources tobediversified, and thisincrease in demand is being accelerated.
[Figure 1] BoT era (excerpted from a presentation material)
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It has been aimed, through this Wednesdays forum, the current status of

■ 

emerged as a future growth engine that will lead the economy following the footsteps

batterytechnologies and the future of theindustry are to be viewed, and to provide

ofsemiconductors.

a platform for discovering issues and seeking solutions for K-batteries to soar ahead.
• T
 he

[Figure 2] Market forecast in Battery and memory semiconductors

Wednesdays forum will discuss the industrial changes brought about by the BoT era, the

necessity of linking industries, academia, and researches, and measures for revitalizing it.

Battery market ahead of semiconductors in 2025
Unit : USD / Hundred Millions

Status and Issues

Memory Semiconductors

In the global battery market, the top three, Korea, China, and Japan, are in a three-

■ 

way competition; in addition to battery cell manufacturing, competition has been
intensifying in the four-core material sectors.
• A
 lthough

Batteries

the three Korean companies have the highest global market share forelectric

vehicle batteries*, theoverall competitiveness of materials and parts in the value chain of
the industrial structure falls short.
* Based on the cumulative market share in May 2020, LG Chem was in the first place with 24.2%, and the market share
of the three Korean companies was 34.8%, twice more than the sameperiod from last year (16.4%)

Source: The Chosun Ilbo, October 24, 2019
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[Figure 3] ] Global market share of battery four core materials (excerpted from a presentation material)

Korea has reached the peak in secondary battery market share owing to a flourishment

■ 

of private companies, whereas, development competition with competitors is being
overheated.

Market share in Cathode active materials in 2017
Belgium

Market share in Anode active materials in 2017
Belgium

China

China

addition to preemptively securing future technologies to strengthen the market

Japan

Japan

Japan

Japan

dominance of K-batteries, it is time to anticipate and prepare for industrial changesthat will

China

China

Korea – L & F

Korea – L & F

China

China

China

China

• I n

be brought by the un-tact era.
The government has been simultaneously promoting the fortification of the industrial

■ 

China

China

Korea -Eco Pro BM

Korea -Eco Pro BM

Etc.

Etc.

base and securing future technologies by establishing empirical infrastructures and
establishing strategies for the next-generation secondary battery R&Ds.
• T
 he

commercialization with designating “Strong but small R&D special zone in the futureoriented battery sector” in Ulsan in July, 2020.
• T
 he

Market share in Separators in 2017

Market share in Separators in 2017

Ministry of Science and ICT has been promoting regional-led technological

Ministry of Trade, Industry and Energy had established the “Next-generation lithium-

Japan

Japan

Japan

China

Korea-SK Innovation

China

China

China

Japan

Japan

Korea-UU Skope

China

ionbattery R&D Promotion Strategy to lead the global battery market,” and has been

Japan

China

Japan

Japan

supportingR&Ds to preoccupy the future market.

China

Korea-Nax-E Theck

USA

China

etc.

etc.

• T
 hrough the “Advancement Measures for R&DsinMaterials, Parts, and Equipment” (October 14,

2020), the government has been promoting the expansion of the empiricalinfrastructures for
secondary batteries, which is the main sector, and the advancement of the research ecosystem.

Source :"In-depth analysis of major lithium secondary battery material companies", SNE Research (2018b)
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It is expected that the battery-related base will continuously expand through the

■ 

led fostering of materials, parts, and equipment have been promoted in parallel, issues

creation of new businesses by the convergence between disciplines and technologies

such as the lack of technical skills and professional manpower for the overall materials and

and the growth of the derivative industries.

parts have been constantly raised.

• W
 ith the introduction of artificial intelligence (AI) technologies, R&Ds have been accelerated

and advanced, and complementary ecosystemsare being established with related
technologies such as battery recycling and wireless charging.
In parallel with improving the performance and productivity of lithium-ion batteries,

■ 

• C
 onvergences

with promising technologies (healthcare, logistics, etc.) in the non-face-to-

which are situated in the mainstream, technological development for next-generation

face era has been accelerating, and battery technologieshas been attracting attention as a

batteries have been promoted as a two-trackstrategy.

customized power source.

• C
 ompetition

between companies for raising energy density and lowering prices

is beingexpected to continue.This is done by overcoming the limitations of
materialtechnologiesby design improvements in terms of cells.
• D
 ue

■ 

R&D trends in major countries Competitions for R&Ds and investments in major

countries have been intensified to contain the three-power system of Korea, China,

to a rapid turnover into a red ocean of the lithium-ion battery market and the

successive explosion accidents, R&Ds in the next-generation batteries such as an all-solid-

and Japan in the battery industry and lead the future market.
• ( USA)

state battery have been accelerated.

The Battery500 Consortium composed of mainly Nobel Prize winners* has been

pursuing the challenging R&D to break the technological barrier with the goal of realization
of an energy density of 500 Wh/Kg.

[Table 1] Domestic and overseas development trends for next-generation batteries (excerpted from presentation materials)
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Characteristics and Core Technology

Development Organizations
Overseas

Domestic

- High-energy density, high-power density, long life, simplified
manufacturing process, large size, low cost, and safeness are
possible.
- Reduction of interfacial resistance and polarization resistance,
high-ion conductive electrolyte technology.

Toyota (Japan), Hitachi
(Japan), Sony (Japan), Murata
Manufacturing (Japan), Idemitsu
(Japan), Planar Energy (USA),
Tokyo Institute of Technology
(Japan), Kyoto University (Japan)

Hyundai Motor Company,
LG Chem, Samsung SDI, GS
Caltex, Jeonggwan Rocket
Battery, ETRI, Seoul National
University, Saenggiyeon,
KIST, USIST, KICET

- High-electrode capacity, high-energy density, and improved
conductivity.
- Improving charging performance by reducing charging and
voltage, electrolyte lifespan, interfacial resistance, controlling
Li volume expansion, and suppressing side reactions.
- Theoretical aqueous value 1,920 Wh/kg, non-aqueous value
1,440 Wh/kg.

IBM (USA), Toyota (Japan),
Mitsubishi (Japan), Toshiba
(Japan), Arotech (Israel),
Chemtech (Germany), AIST
(Japan), Kyushu University
(Japan)

Hyundai Motor Company,
Samsung Electronics,
Energy Technology
Research Center, KIST, KETI,
Korea Chemical Research
Institute, KAIST

- High-energy density, low cost, and Poly S dissolution.
- Inhibiting Li-metal safety, electrode performance and long
lifespan, and large-capacity technology.
- Current level: 900 mAh/g, charge/discharge cell production

SON Power (USA), Miteiron
(Japan), Cambridge University
(UK), Peking University (China),
Waterloo University (Canada)

Hyundai Motor Company,
LG Chem, SK, KERI,
KAIST, Korea Chemical
Research Institute, KETI,
Dong-A University, Yonsei
University

Multifunctional
batteries
(Mg, Ca, etc.)

- 90% cheaper than lithium-ion batteries and lower operating
temperature (57°C–190°C, Na1-xMxO2 57°C).
-
Current level: low-energy density, operating voltage, and
safety.

Yuasa (Japan), Sumitomo
(Japan), Pacific Northwest (USA),
Kyoto University (Japan)

SK Innovation, Iljin, KIST,
Gyeongsang National
University, Seoul National
University

Multifunctional
batteries (Mg,
Ca, etc.)

- High-energy density, long life, high safety, and low cost.
- High potential, high-energy density, anode, and electrolyte
technology.
- Current level: basic level of charging and discharging.

BIU University (Israel), Pelion
Tech (USA), MIT (USA), Shanghai
Jiaotong University (China)

LG Chem, SK Innovation,
KETU, RIST. Ulsan University
of Science and Technology

NAS and
NaNC2
batteries

- β-A2O3 electrolyte, Na or NiC2S electrode.
-
Safe, electrolyte performance improved, bonding technology, low cost, and long-term durability.

NGK (Japan), GE (USA),
Ceramatec (USA), Fiamm Sonick
(Switzerland), SIC-CPS (China)

HwaIn Tech, POSCO Energy
RIST, Konkuk University,
KICET, KIST

All-solidstate battery

Metal-air
battery

Lithium-sulfur
battery

* JohnB.GoodenoughandM.StanleyWhittingham
• T
 he

energy density of the current battery system using graphite anode is at the level of

220 Wh/Kg.
• ( Europe)

With an establishment of the Battery 2030+ strategy, a pan-European battery

federation system has been established, and a large-scale support of 3.2 billion euros has
been provided for R&Ds and the strengthening of the value chains.
• ( Japan) As a control tower, the New Energy and Industrial Technology Development Organization

(NEDO), with the goal of realizing an energy density of 500 Wh/Kg (by2030), has established
a battery-related policy and technological roadmaps, and actively promoting a linkage system
between industries–academia–research institutes and budget supports.
■ 

Issue of domestic battery industry

Although cell manufacturing technologies

are at the highest level, measures are required to overcome the vulnerability of basic
R&Ds for downstream industries and dependence on overseas materials.

Suggestions for Polices
■ 

Linkage between industries-academia-research institutes

Preparing balanced

supporting measures are required for R&Ds centered on private-demands, together
with challenging source technology R&Ds led by funded research institutes and

Source: Korea Electronics Industry Association

academia.
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• E
 stablishing clear exit strategies and introducing actively company-led Request for Proposals

with commercialization point of views, activating corporate participation in governmental
R&D projects, and enhancing industrial contributionsare required.
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Hydrogen Production

academia-led challenging researches, strengthening funding industry-linked

researches, and establishing organic role sharing systems are required to link the gap
between researches (academia) and development (company).
■ 

Strengthening the industrial base

Securing value chains including downstream

industries, supporting the establishment of human and physical infrastructures, and
strengthening the industrial base are necessary.
• I ntensive

governmental supports, including supports for downstream industries such as

materials and parts, fostering professional manpower, establishing advanced analysis

Kibong Kim, KISTEP
Tae-kyung Kim, KISTEP

infrastructures, etc., are required to overcome the weaknesses of the domestic industries.
• Establishing

government-led fostering measures are needed with the goal of securing value

chains in core materials, parts, and equipment sectors where companies are not entering
due to low profitability.
• I n

order to maintain the lead in patent competitions which is triggered by industrial

growth,various supports are required for securing and accumulating source
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technologies, and for high-risk and destructive researches.
■ 

Responding new industries

Introduction

Government-led responses are required to preoccupy

future markets through preemptive predictions and technological analysis on

Background and necessity

convergences between industries and the creation of new industries.
• E
 stablishment

In the 2015 Paris Climate Agreement, to solve the global warmingproblem, the world

■ 

of customized strategies are required to comprise consortiums led by large

had decided to limit the increase in global average temperature to 1.5 °C compared to

companies foran effective response to large projects*, together with establishing a startup-

preindustrial levels through the greenhouse gas reduction.

centered industrial ecosystems which is able to respond to the multi-varieties such as
small-volume production systems in the BoT era.

To this end, the world has been seeking ways to expand electricity production by using

■ 

* Areas of aerospace, medical apparatus, military industry, industrial robot convergence, etc.

renewable energies such as solar and wind power instead of traditional fossil energies such
as petroleum and coal.
The hydrogen has been attracting attention as a supplement to renewable energies, and

■ 

major countries have been announcing various policies to expand the hydrogen economy.
The global hydrogen demand has been also increasing, and its demand, which was at the

■ 

level of 10EJ* in 2020, will grow to 78EJ by 2050,which is expected to account for 18% of
global energy demands.1

1

"Hydrogen Scaling Up," Hydrogen Council (2017)
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[Figure 1] Global hydrogen demand forecast

(Unit: EJ)

＊EJ =10

joules
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Energy sources and chemical reactions

Hydrogen production using
fuels

■ Transportation

Reforming reaction

Gas fuel (LNG, LPG) reforming

■ Industrial energy

Byproduct gas reforming

■ Building heat

Synthetic fuel (methanol, DME)
reforming

and power
■ New feedstock
(CCU, DRI)

Hydrogen production using
biomass/waste resources

Existing feedstock uses

Korea also has been announcing various policies for the realization of a hydrogen economic

■ 

Hydrogen production by water
electrolysis

society, starting with the “Hydrogen Economy Revitalization Roadmap” (January 2019).

Gasification reaction

Coal/Petcoke gasification

Biological conversion reaction

Biological CO conversion

Gasification of combustible waste resources

Gasification of combustible waste
resources

Biomass gasification

Biomass gasification

Biological fermentation

Biological fermentation

Water electrolysis (electrolysis)

Alkaline water electrolysis (AEC)
Polyelectrolyte water electrolysis
(PEMEC)
Solid oxide electrolysis (SOEC)

In order for revitalizing the hydrogen economy, making efforts to develop technologies are

■ 

Photolysis

required throughout the entire hydrogen economy, such as production, storage,transportation,

Photoelectrochemical (PEC)
Photocatalyst

utilization, and as the first step, the field of hydrogen production is important for securing

Photobiology

and supplying sufficient hydrogen.
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[Table 1] Domestic and overseas development trends for next-generation batteries (excerpted from presentation materials)

■ Power generation
18

R&D Insight

Thermal decomposition

Thermochemical cycle
Redox cycle

Accordingly, it has been intended to derive implications for the direction of domestic

■ 

Nuclear power

hydrogen production technology by analyzing domestic and overseas hydrogen production

With ultra-high temperature gas

technologies, industry, and policy trends and government R&D investment.
Definition and scope of technology

[Table 2] Comparison of the advantages and disadvantages by hydrogen production method3

Hydrogen production technologies can be classified primarily by the raw materials used, and

■ 

Category

secondarily, by the energy sources used and the chemical reactions.

Bioreformed hydrogen is hydrogen produced by a catalytic reaction using hydrocarbonbased fossil fuels such as natural gas, coal, and petroleum.

Domestic production
price (2018)

Mainly fossil
fuels

• Waste gas utilization
• Requires purification
• Limited to expanding
production

~2000 KRW/kg

Reformed
hydrogen
(gray hydrogen)

Produced by catalytic reaction
using fossil fuels

Fossil fuels
(natural gas,
coal)

• Mass production possible
• Low cost of production
• High CO2 emission

2,700–5,100 KRW/kg

Reformed
hydrogen + CCUS
(blue hydrogen)

Reformed hydrogen + CO2
generated via CCUS apparatus

Fossil fuels
(natural gas,
coal)

• Small amount of CO2
• Requirement of the
efficient use of the
captured CO2

Water electrolysis
(green hydrogen)

Hydrogen and oxygen are
generated by applying
electricity to water via water
decomposition

Renewable
energies

• No CO2 emission
• High production cost
• Regional restrictions

Water electrolysis hydrogen is hydrogen produced when electricity is applied to water in a

■ 

water decomposition method caused by an electrochemical reaction.

Characteristics

Produced incidentally by
a chemical reaction in the
petrochemical process or the
steelmaking process

High byproduct hydrogen is hydrogen produced incidentally by chemical reactions in the

■ 

Energy source

Byproduct
hydrogen

■ 

petrochemical (naphtha cracking) process or steelmaking process.

Definition

Considering the eco-friendliness of the hydrogen production method, it is also called green

■ 

9,000 KRW–10,000
KRW/kg

hydrogen (water electrolysis), gray hydrogen (reformed hydrogen), also called blue hydrogen
(reformed hydrogen + CCUS).

3

“Technological development trends and market forecasts for hydrogen fuel cells and related industries (partially reconstructed data),
”CHO Alliance (2020)
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The world is shifting from the current fossil fuel-centered hydrogen production method to
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• Germany)


■ 

an eco-friendly hydrogen production method that generates less CO2.

R&D Inside

R&D Inspire
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R&D Infographic

German Aerospace Center, Danish Technological University, and Hydrogenics

Europe NV in Belgium had formed a consortium to develop high-efficiency alkaline water
electrolysis technology linked to renewable energy, and developed a 10 kW stack with 76%

Among the various hydrogen production technologies, it is intended to be described with a focus

efficiency (RESelyser project, 2011 to 2014)6

■ 

on reformed hydrogen and water electrolysis, which are highly likely to be developed and utilized
in the future, and where technology development and related industries are active.

■ 

Polymer electrolyte water electrolysis

To cope with the strong corrosive

environment inside the polyelectrolyte water electrolysis device, a high-activity noble
metal catalyst, technology development focusing on current density and durability
improvement, and large-capacity projects have been being in progress.

Technological Trends
■ 

Technological trends

Solid oxide water electrolysis is more efficient

For system stabilization and green hydrogen production along with the expansion and

technological development has been being promoted in the United States as a

distribution of renewable energies worldwide, multiple Power-to-Gas (PtG)* projects have

research led by institutes and companies, and in Europe, as a cooperative project

been being in progress.

between countries.7

* The PtG technology is a technology that uses unused renewable energy to electrolyze water and then stores the

• ( U.S.)

■ 

generated hydrogen or converts it into other materials.

The development of solid oxide water electrolysis technology has been being

promoted in a way that universities and corporations cooperate with the technology and
facilities of the National Lab.

[Figure 2] Status of global power-to-gas project
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Solid oxide water electrolysis

than other water electrolysis, which is still in the stage of commercialization, and

4

• ( Europe)

Several alliance programs started in 2004 have been conducting empirical

researches through technological development and connection with new and renewable
energies to minimize the deterioration rate of single cells, and to improve stack efficiency.
Domestic technological trends
1. Reformed hydrogen
The development of “on-site hydrogen production” facilities that can be installed in areas

■ 

where hydrogen is consumed has been in active, and Korean researchers has succeeded
in localizing it.
• T
 he

Korea Energy Research Institute has succeeded in localizing 10% of field production

type high-purity hydrogen production unit, and independently has developed and applied a
vacuum pressure swing adsorption (VPSA, Vacuum PSA) method different from the pressure
swing adsorption (PSA) method used in the existing hydrogen refining (June, 2020).
■ 

Alkaline water electrolysis

The first generation technology development for alkaline

• B
 y

applying the VPSA method, the efficiency of hydrogen purification was greater than

water electrolysis had started in the 1920s, and the second-generation technology

99.999% and the CO2 concentration was less than 0.2 ppm by increasing the effective

development has been currently in progress with a focus on expanding the operating range

adsorption amount and maximizing the separation efficiency.

and improving current density for linking renewable energies.
* The first generation alkaline water electrolysis had used an electric source with stable output, and the second
generation is using renewable energies with variable output as the electric source.

4

6

RESelyser (2015) Hydrogen from RES: pressurized alkaline electrolyzer with high efficiency and wide operating range project final report

In major overseas countries, the technological maturity of reformed hydrogen is high, thus, this paper has been prepared with focusing

7

“Research Trends in High-Temperature Water Electrolysis Hydrogen Manufacturing,” Seon-dong, Kim (2018)

on the development of new element technologies and systems

8

www.dt.co.kr/contents.html?article_no=2020061002109931731004
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Hydrogen production capacity

KIER HyPU-100

KIER HyPU-250

100 Nm /h

250 Nm3/h

3

Material

The global market size in the natural gas reformed hydrogen is expected to grow
from 102.9 billion USD in 2020 to 129.1 billion USD in 2024, growing of 5.9% of
yearly average.10

8 atm

Installed surface area (W(m) × D(m) × H(m))

R&D Infographic

■ 

80% or more

Pressure in hydrogen production

KISTEP News

1. Reformed hydrogen

99.999 vol.%, CO < 0.2 ppm

System efficiency (HHV)

R&D Inspire

Global industrial trends

city gas

Hydrogen purity

R&D Inside

Trends in Industries

[Table 3] Performances of reformed hydrogen facilities of Korea Institute of Energy Research9
Model

R&D Insight

3.8 × 2.6 × 3.6

7.5 × 3.0 × 3.5

The current status is that major overseas companies have been already developing

■ 

and launching various products on the market based on the high technological
2. Water electrolysis
■ 

PtG project

maturity of reformed hydrogen.
In Korea, industry-university-research institutes have been

participating in government R&D projects* for PtG technology from 2019.

[Table 4] Comparison of the performance of the reformed hydrogen facilities in major countries

* In the “PtG technology development project for long-term storage and conversion of renewable energy” (2019–

Model

(France) HGM-10000

(Japan) HYSERVE-300

(Germany) Hydroprime

Hydrogen production capacity

268 Nm3/h

300 Nm3/h

330–1000 Nm3/h

Raw material

Natural gas

City gas, LPG

Hydrogen purity

99.999 vol.%

99.999 vol.%

2022) of the Ministry of Industry, hosted by Korea Electric Power Corporation, the following institutes have been
participating: Korea East-West Power, Korea Midland Power, Doosan, Elchemtech, Gpilos, Korea Energy Research
Institute, and Advanced Technology. A total of 19 industries, universities, and research institutes, including
researchers and Hanyang University, are participating.
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Hydrogen production efficiency

75%

79%

69%

for alkaline water electrolysis linked to renewable energy has been operating since

Pressure in hydrogen production

2.00 MPaG

0.70 MPaG

1.38 MPaG

2019 through the government R&D project*.

Installed surface area (W(m) × D(m) × H(m))

7.7 × 2.4 × 2.7

7.5 × 3.0 × 3.3

14 × 3 × 4

■ 

Alkaline water electrolysis

A research group for developing core technologies

* “ Hydrogen Energy Innovation Technology Development” (2019–2023), Ministry of Science and ICT

■ 

2. Water electrolysis

Polyelectrolyte water electrolysis Through the governmental R&D project*, the

The global market in the water electrolysis hydrogen is expected to grow from

■ 

Polyelectrolyte Water Electrolysis Core Technology Development Research Center

8.4 billion USD in 2020 to 17.6 billion USD in 2024, growing of 20.3% of yearly

has been operating from 2019.

average.11

* “ Hydrogen Energy Innovation Technology Development” (2019–2023), Ministry of Science and ICT

The installation of new water electrolysis facilities worldwide was 10 MW per

■ 

Solid oxide water electrolysis Domestic solid oxide water electrolysis technology

year before 2018, but it has been increased rapidly after 25.4 MW in 2019. New

development has been consistently being promoted through the 21st Century

installations of water electrolysis facilities of 1,433 MW are being planned in 2023.12

■ 

Frontier Project and multi-ministerial cooperation projects.

Germany has plans to expand its PtG capacity to 1 GW by 2022, with a PtG production

■ 

capacity of 5 GW by 2025 and 40 GW by 2050.
In France, company-led alkaline water electrolysis and polymer electrolyte water

■ 

electrolysis facilities are installed and operated.

9

A presentation data in “The Current State and Prospect of Hydrogen Production Technologies in Home and abroad,” Chang-hee, Kim (2020)

10

“Global Hydrogen Market,” Koncept Analytics (2020)

11

“Global Hydrogen Market,” Koncept Analytics (2020)

12

www.iea.org/reports/hydrogen#tracking-progress
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Trends in Policies

Domestic industrial trends
The NEL, a Norwegian company, is a representative alkaline water electrolysis company,

■ 

and in 2017, it has expanded its business group by acquiring the Protononsite, a

Global policy trends

leading polymer electrolyte water electrolysis company in the United States.

1. U.S.A
In 2017, the USDRIVE* has announced the “Hydrogen Production Technology

■ 

A Japanese company, the Asahi-Kase has developed a 10 MW class single-stack

Roadmap” to promote the development of short- and mid- to longterm commercial

alkaline water electrolyzer through the Fukushima Hydrogen Energy Research Field

hydrogen production technologies.

(March, 2020).

* The US Driving Research and Innovation for Vehicle Efficiency and Energy Sustainability, is operating 12 technical teams in

■ 

partnership between the US Department of Energy, 4 automobile companies, 5 energy companies, and 3 associations.

<Trends of domestic byproduct hydrogen industry >
13

In March 2019. the U.S. Department of Energy (DOE) has announced the “H2@Scale”

■ 

project for the transition to a hydrogen economy.

Domestic hydrogen production in 2017 was approximately 1.64 million tons, mostly

▶

byproduct hydrogen, and most of the production was consumed by petrochemical

2. Europe

companies (1.41 million tons), and approximately 230,000 tons have been distributed and
sold outside.

In July 2020, the EU Commission has announced the “EU Hydrogen Strategy.”

■

14

■

Byproduct hydrogen is currently the most efficient and economical hydrogen production

▶

goal of zero greenhouse gas emission by 2050.

method in Korea. And as of 2018, the production cost of byproduct hydrogen is less than
2,000 Korean Won (KRW) per kg.

3. Japan
■

Projects for supply of hydrogen charging stations using byproduct hydrogen and fuel cell
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▶

• T
 he

The domestic reformed hydrogen industry is still in its infancy, but some companies

■ 

Domestic policy trends

The domestic water electrolysis industry is still in its infancy in technologies and market

■ 

In January 2019, the government announced the “A Roadmap for Revitalizing the

■ 

conditions, due to insufficient supply and investments to renewable energies, and low

Hydrogen Economy,” which presented goals and policy directions in all the areas

interests from companies.

of hydrogen production, storage, transportation, and utilization to revitalize the
hydrogen economy by 2040.

By active investments in PtG technology development since 2018 from the

■ 

[Table 5] Roadmap for revitalizing the hydrogen economy by year
Year

2018

Korea has been trying to improve its technologies for making domestic water

Quantity supplying
(= quantity demanded)

0.13 million tons/year

electrolysis facilities that can be applied to large-scale water electrolysis demonstration

Supply method

■ 

projects that will be carried out in Korea in the future.

13

The trend of the byproduct hydrogen industry has been described separately because the domestic hydrogen industry currently is
mostly based on byproduct hydrogen.

14

“Basic Strategy on Hydrogen” has included specific action plans up to 2030 for

realizing a hydrogen society by 2050.

have been fabricating reformers and supplying hydrogen charging stations.

the technologies of overseas water electrolysis companies.

In December 2017, Japan has announced the first in the world the “Basic Strategy

on Hydrogen,” a strategic roadmap toward the goal of realizing a hydrogen society.

power generation have been being actively conducted.

government, Korea has currently been developing technologies while rapidly chasing

In June 2020, Germany has announced the “National Hydrogen Strategy” with the

“Roadmap for vitalizing the Hydrogen Economy,” Joint meeting of related ministries (2019)

Hydrogen supply
price

① Byproduct hydrogen
② Reformed hydrogen

-

2022

2030

2040

0.47 million tons/year

1.94 million tons/year

5.26 million tons/year,
or more

① Byproduct hydrogen
② Reformed hydrogen
③ Water electrolysis

① Byproduct hydrogen
② Reformed hydrogen
③ Water electrolysis
④ Production by
overseas

① Byproduct hydrogen
② Reformed hydrogen
③ Water electrolysis
④ Production by
overseas

※ ①+③+④:50% ②: 50%

※ ①+③+④:70% ②: 30%

6,000 KRW/kg
(initial market price)

4,000 KRW/kg

3,000 KRW/kg
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[Figure 5] Proportion of governmental investments to R&Ds in hydrogen sector from 2015 to 2019 (Unit: million KRW)

■ 

comprehensive plan for technological development in the hydrogen sector, was
announced, following the “A Roadmap for Revitalizing the Hydrogen Economy.”

Base

[Figure 3] ] Strategies for developing technologies for hydrogen production in the roadmap for technological development in hydrogen

Transportation and Storage
Production

Strategy for development of core technologies ■Period governmental intensive support required
Main
Category

MidCategory

Short-term

Current level

~'20

Using
fuels

System design
small-scale
demonstration

Water
electrolysis

1 MW-class source
technology and
stack technology
development

Hydrogen
Production

'21

'22

'23

Midterm

'24

'25

~'28

~'30

Longterm

~'35

Goals

~'35
Utilization (Transportation)

Development of small-sized reformed hydrogen production system

system efficiency
78%(HHV)2030

Development of medium-sized
reformed hydrogen production system

Safety

100 MW class system
development by 2030
* System efficiency:
50 kWh/kg-H2
Renewable power
linkage
Dozens of MW-class
demonstration by 2030

Alkaline water electrolysis system development

Polyelectrolyte water system development

Renewable energy-linked P2H technology development

Utilization

■ 

R&D in hydrogen production field

During the recent 5 years (2015 to 2019), the

total amount of governmental investments to R&Ds in hydrogen production has been
177.7 billion KRW, with an annual average growth rate of 16.9%.16
※ (2015) 26.9 billion KRW → (2017) 36 billion KRW → (2019) 50.3 billion KRW

Trends in Investment on R&Ds

[Figure 6] Size of governmental investments to R&Ds in hydrogen sector from 2015 to 2019
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(Unit: million KRW)

Governmental investment trend to R&Ds
■ 

Hydrogen R&D

149

In the last five years (2015–2019), the total amount of

governmental R&D investments in the hydrogen sector were 456.1 billion KRW, with
an annual average growth rate of 24.8% over the five years.15
※ (2015) 55.6 billion KRW → (2017) 92.9 billion KRW → (2019) 135.1 billion KRW
• A
 mong

them, the investment ratio in hydrogen production was 39.0%, followed by

utilization (transportation) at 28.2%, and transportation and storage at 14.7%.
• The

average annual growth rate was 16.9% for hydrogen production, 23.7% for transportation

■ Water
■ Photolysis
electrolysis

■ Reformed
hydrogen

■ Bio
(waste resource) hydrogen

■ Bi-product
hydrogen

■ Others

Total

and storage, and 58.0% for utilization (transportation), indicating that investment in research
related to hydrogen vehicles and hydrogen charging stations has increased rapidly.

[Figure 7] Proportion of investments by Ministry to R&Ds in hydrogen sector from 2015 to 2019

(Unit: million KRW)

Ministry of Small and Medium-sized Business

[Figure 4] Size of governmental investments to R&Ds in hydrogen sector from 2015 to 2019

(Unit: million KRW)
Ministry of Education

Ministry of Environment

Ministry of Oceans and
Fisheries
Ministry of Science, Technology
and ICT

Ministry of Industry

■ Production

■ Transportation
and storage

■ Utilization

■ Utilization
(transportation)

■ Safety

■ Total
15

Based on the “National R&D project data analysis,” NTIS

16

Based on the “National R&D project data analysis,” NTIS
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Main projects

After the announcement of the following the “A Roadmap for

R&D Insight

• P
 roviding

Ministry of
Science and
Technology

Detailed project name (details of business name)

2019

2020

-

-

-

-

3,300

Development of innovative technologies in
hydrogen energy

-

-

10,240

11,767

14,100

Development of production and storage
system technologies for green hydrogen

-

-

-

4,000

10,050

12,370

12,750

8,271

16,003

35,178

Power-to-gas technological development
project for longterm storage and conversion
of renewable energy

-

-

5,410

6,635

5,834

Ministry of Land,
Infrastructure
and Transport

Commercialization of hydrogen production
using petroleum coke

-

-

-

-

6,000

Ministry of
Oceans and
Fisheries

Technological development for marine
biohydrogen production commercialization

-

-

-

-

3,640

Development of core technologies for
renewable energy (hydrogen)

• Asa


policy supports should be considered togetherat the same time, such as the

policy is requiring mass production of reformed hydrogen in the short term, the

use of CO2, a byproduct, should also be considered.

2021

Development of future hydrogen source
technologies

Ministry of
Industry
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2018
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technology is recognized.

(Unit: million KRW)

2017
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renewable energy electricity, and whether the auxiliary services of water electrolysis

promoted, activating R&D investments in the hydrogen production sector.

Ministry

R&D Inspire

strategies for transmitting and distributing the renewable energy power, the price of

revitalizing the Hydrogen Economy,” a number of new R&D projects have been

[Table 6] Status of Governmental R&D Projects related to Hydrogen Production

R&D Inside

To simultaneously secure the economic feasibility and eco-friendliness of hydrogen

■ 

production technology, investments to the development of innovative materials
and parts that exceed the current technology level are required.
• T
o

create innovative results in the sector of hydrogen production,it is necessary to

supportlinkage programsin which related companies participateso that basic research
results can be led tothe technologies of demonstration and commercialization.
• S
 ince

the technological maturity of the hydrogen production sector in overseas is high,

pursuingtheir technological level through active cooperation with advanced overseas
industry-academia-research institutes is needed.

In the future, establishment of strategies for hydrogen production technology

■ 

and investment in technological development are required in consideration of the
entire hydrogen economy cycle (production-storage, transportation-utilization).
• T
o

secure domestic hydrogen demands, in the future, not only domestic hydrogen

production but also multiple measures such as producing and importing the hydrogen
from abroad should be considered together.

Implications
Establishing strategies for R&D investments and setting up business models are

■ 

needed in consideration of various requirements, such as technological maturity,
CO2 emission, and economic feasibility by hydrogen production technologies.
• The


water electrolysis technology is requiring electricity to produce hydrogen,

andbecausethe economic feasibility can be secured only when unused renewable
energiesare used, establishing development strategies for water electrolysis
technologies arerequired inconnection with the renewable energy supply policy.
• Water


electrolysis technology is one of the methods to resolve unused electricity

producedin large-scale renewable energy power generation complexes and to
maintainsystem stability, to realize this, a value chain should be completed, in which
each participating entitysuch as a power generation company, power system company,
water electrolysis company,and hydrogen utilization company can coexist.

• In


the future, establishment of strategies for hydrogen production technologies are

required in relation with the hydrogen transportation method (trailer or pipeline
transportation) suitable for domestic conditions, etc.
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to the UN IPCC’s “Global Warming 1.5℃ Special Report,” it is pointed out

that the world must achieve carbon neutrality* by 2050 to prevent the collapse of the
ecosystem due to the increase in global temperature.
* Carbon Neutrality: the state in which the amount of greenhouse gas emission and absorption are equal and
offset, and thus the net emission becomes “0” (Net-zero)
■

The level of carbon emission in Korea is very high, and the damage caused by
climate change is also increasing
• ( Major indicators of Korea) High carbon emission and high energy consumption among

OECD (Organisation for Economic Co-operation and Development) countries

Summarized by KISTEP from the 130th KISTEP
Wednesday Forum

• 1
 0.7

trillion wonin economic loss due tometeorological disasters in Korea over the past 10

years (Korea Meteorological Administration, 2019)
- Due to the high proportion of fossil fuels and the manufacturing-oriented industrial
structure, the average temperature has risen by 1.8°C over the past 106 years, and the
warming has worsen.
※ The intensity and the frequency of meteorological disasters, such as the highest level of heatwave in 2018 and

Discussion Background
The Wednesday Forum is conducted to find countermeasures through status

■ 
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analysis and problem diagnosis of various science and technology fields. The topic
for this time discusses the Green New Deal and R&D for carbon neutrality.
Increasing awareness of the seriousness of climate change due to destructive

■ 

natural disasters such as floods, heavy rains, droughts, and large wildfire that
occurred worldwide
• F
 or

actively responding to climate change caused by global warming, the international

the largest number of typhoons in 2019, are increasing.

Countries around the world are trying to move away from the fossil fuel-based economy

■ 

and transition to a sustainable carbon-neutral economy through the expansion of
renewable energy, eco-friendly mobility, and the transition to a low-carbon industry.
Through this Wednesday Forum, the status of domestic and overseas efforts to reduce

■ 

carbon emissions will be investigated, and the direction for government R&D to be
pursued for the transition to a carbon-neutral society through the Green New Deal
will be explored.
(Carbon emission per capita) 6th among OECD countries (2017)

community established international organizations in the World Meteorological

▶

Organization (WMO) and the United Nations Environment Program (UNEP) according

▶

to the resolution of the UN General Assembly and a forum for discussions

▶

<Major discussions in the international community for re sponding to climate change >

(Carbon emission/GDP) 4th among OECD countries (2017)
(Carbon emission structure) emissions to energy consumption; 87% of total national emissions
(largest among OECD countries) (2015)
(Renewable energy generation ratio) 33rd among OECD member countries, 2nd place from the

▶

bottom (2018)

[UN General Assembly Resolution (1988)] Establishment of the “Intergovernmental

▶

Panel on Climate Change (IPCC*)”

▶

▶

* Intergovernmental Panel on Climate Change
[Rio Environment Conference (1992)] Adoption of climate change convention (Korea joined

▶

47th (Jan.,1993), now 196 countries joined)
[Kyoto Protocol (1997)]Greenhouse gas emission reduction levels of major advanced

▶

countries(excluding Korea, 37 countries)
[Paris Climate Agreement (2015)] All parties to the agreement (195countries)have

(The share of thermal power generation using coal) Top four among OECD member countries (2018)
(Energy-efficiency scorecard) 13th out of 25 energy-consuming countries (2018)
(Energy price) 5th lowest electricity price among OECD member countries 6th lowest gas price

▶ 

among OECD member countries (2018)
(Energy conversion index*) 48th in the world in 2019, 5th among OECD countries (2019)

▶

*M
 easured by country after considering energy system performance (economic development and growth,
energy security/access, environmental sustainability) and energy transition readiness

▶

designated the level of greenhouse gas emission reduction

Source: ACEEE (American Council for an Energy-Efficiency Economy) (2019), IEA (International Energy Agency) 2020,
WEC (World Energy Council) (2020), WEF (World Economic Forum) (2020), OECD (Organisation for Economic
Co-operation and Development) (2018).
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Status of R&D to respond to carbon neutrality Countries around the world expand

investment in technology development to actively respond to carbon neutrality
■ 

Policy status of major countries Countries around the world announce strategies

to realize carbon neutrality and use it as an opportunity to enter new markets.
Country
Country

Carbon Neutrality Policy

EU
(European
Union)

• 2050 carbon neutrality goal announced through “Green Deal" (December 2019)
-E
 mphasis on fundraising to promote public and private investment that is necessary for transition to an
inclusive economy with a climate-neutral green economy and a competitiveness

The United
States

• Biden announced the “Clean Energy and Infrastructure Plan”to respond to climate change and promote
economic growth as a presidential campaign promise.

China

• Immediately after taking office, he signed an executive order to return to the Paris Agreement and declared to
be carbon neutral by 2050

Japan

•D
 eclaration of achieving carbon neutrality by 2060 (September 2020. UN General Assembly, Xi Jinping Premier)

Korea

• The first step toward carbon neutrality, the Korean version of the New Deal (Green New Deal) announced (July 2020)
•2
 050 Carbon Neutral Goal Declaration (October 2020) and “2050 Carbon Neutral Promotion
Strategy”announced (December 2020)
• “ 2050 Long-term Low-Carbon Power Generation Strategy (LEDS)”and “2030 National Greenhouse Gas
Reduction Goal (NDC)”government plans confirmed (December 2020)

Others

• Six countries, including Sweden (2017), Britain, France, Denmark, New Zealand (2019) and Hungary (2020), have
legalized “carbon neutrality”legislation
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Business status

Germany

• Hydrogen energy among renewable energy (mix portfolio of green hydrogen, green hydrogen, blue hydrogen,
cyan hydrogen, P2G project), green hydrogen expansion

China

• To establish a green technology innovation system, the Ministry of Ecology and Environment plans to introduce
a nationwide carbon trading market during the 14•5 planning period (2021-2025).
- Enactment of “Provisional Ordinance on Trading of Carbon Emission Rights,” and planning to implement laws
related to low-carbon and green development, such as the “National Carbon Emission Trading Management
Act” and “National Carbon Emission Rights Registration Transaction Settlement Management Method”
- Over 70-80% of non-fossil energy, investment of over KRW 172 trillion over the next 30 years, and 100GW of
wind and solar energy installation capacity over the next 10 years

Japan

• Promotion of greenhouse gas reduction technology development through 「Innovative Environmental
Innovation Strategy」 (2020)
- Specifying specific scenarios and actions from the amount of greenhouse gas reduction for R&D in innovative
fields*, technology development contents, implementation system, and element technology development to
practical use and demonstration development
* F ive areas including, energy conversion, transportation, industry, work·home·other·cross-sectional areas,
agriculture fishing industry·carbon absorption source.

Australia

• 「Establishment of Technology Investment Roadmap」 to reduce greenhouse gases (September 2020)
- Reduced annual greenhouse gas emissions by 250 million tons through an investment of AUD 18 billion over
10 years
- Priority investment in major technologies using funds operated by institutions such as the Renewable Energy
Agency (ARENA), Clean Energy Finance Corporation (CEFC), and Clean Energy Regulatory Authority (CER)
※ A total of five priority low emission technologies: hydrogen, energy storage, carbon collection and storage
(CCS), low-carbon steel and aluminum production, soil carbon

Increasing global companies using “carbon neutrality" for

investment and valuation to respond to the climate crisis
• F
 rom

a management philosophy based on the view that corporate profits are based

on the survival of mankind, carbon neutrality was declared from IT or consumer goods
companies to even oil companies

Enterprise

Status of carbon neutrality

Carbon Neutrality Policy

Korea

• Announcing “Green New Deal”toward a carbon-neutral society through green industry innovation and green
transition of infrastructure·energy [Total project cost 73.4 trillion won (42.7 trillion won from the government)
investment by 2025]
※ Green Smart School, Digital Green Industrial Complex, Green Remodeling, Green Energy, Eco-Friendly Future
Mobility
• Declare intensive support for the development of carbon-neutral core technologies* through the 「2050 Carbon
Neutral Promotion Strategy」
* Convergence·innovation using renewable energy, CCUS(Carbon Capture, Utilization and Storage),
ICT(Information and Communications Technology), etc.

Siemens

•T
 he first global company to declare carbon neutrality by 2030 (2015)

BlackRock

•A
 s the world’s largest asset management company, it has declared not to invest in companies that
undermine its environmental sustainability, and disposed the bonds and stocks of companies that
made revenue from coal more than 25%

Microsoft
(MS)

•A
 nnouncing the establishment of a $1 billion “Climate Innovation Fund”to develop carbon removal
technology (2019)
•D
 eclaration of achieving carbon neutrality and negative by 2050

Norwegian sovereign
wealth fund

•E
 xcluding investments in companies, the “carbon blacklist” that emits large amounts of carbon

British Petroleum,
UK (BP)

•A
 s the world’s largest petroleum company, declares change of energy portfolio by investing in
offshore wind power (February 2020)

American Drax
(Drax)

•D
 eclaration of carbon negative by 2030 (world’s first declaration)
•U
 sing biomass to capture and store carbon dioxide technology

NAVER

•D
 eclaration of carbon negative by 2040 (October 2020, first in Korea)

as technology development roadmap, energy efficiency, CCUS, and carbon-neutral

LG Electronics

•B
 y 2030, carbon emissions generated in the product production stage will be reduced to 50%
compared to 2017

investment strategy.

■ 

Medium and long-term carbon-neutral related R&D plan Need to establish mid-

to long-term R&D investment plan for accelerating the transition to a green economy,
aiming for carbon neutrality, and transform the economic base into a low-carbon and
eco-friendly one.
• R
 esponding

to carbon neutrality issues with science and technology, each ministry and

the Ministry of Science and ICT needs a cooperative system for various policies such

• N
 eeds for systematic R&D approach considering carbon reduction scenarios and pathways
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- To form a consensus on the necessity of a carbon-neutral society and invest in R&D of

suitable for the domestic market, and developing large-scale hydrogen charging

core technologies, technology development scenarios tailored to respond to climate

station technology should be initiated early. When developing fuel infrastructure

change are important.

technology, the low-carbon route needs to be emphasized.

• N
 eeds for continuous support in the field of environmental energy through the creation

• A
 s

a base technology for realizing carbon neutrality, basic research related to the

of green R&D funds

calculation of mobility carbon emissions, and fuel infrastructure R&D that can respond

-
Efficient use of existing funds (power industry-based fund, etc.) to support the

to 100% conversion to zero-emission vehicles, are necessary

development of key science and technology, and expansion of funds using related
tax revenues*
* Special transportation energy environment tax, local resource facility tax, etc.

■ 

Industry•energy

The need for innovative energy conversion of the industrial

sector for carbon neutrality
• Converting

the power supply system-centered on fossil fuel power generation to green

energy (green hydrogen + green power) and renewable energy
- R&D and core technology development in the field of carbon-free power generation
such as solar and wind power
• C
 ollaboration

of the government’s strategic promotion of green energy R&D and

development of private low-carbon industrial conversion technology is important.
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- In particular, considering the situation of Korea with a manufacturing-oriented industrial
structure, policies and R&D that can be linked to the sustainable competitiveness of
the industry is necessary.
※ (Example) A steel company develops and applies a hydrogen-reduced steelmaking process when the
government builds infrastructure for a smooth supply of hydrogen
• P
 ursuing decoupling of economy and environment on the premise of strengthening the

sustainable competitiveness of the country and industry by linking R&D and practical
technology
- Securing global competitiveness in core technologies such as high-efficiency solar
cell technology, through the revitalization of R&D in the form of flagships centered
on the industrialization platform

■ 

Mobility

Need to strengthen the purpose of mobility R&D to respond to climate

change
• E
 lectric·hydrogen

vehicle distribution policy in the transportation sector of the Green

New Deal has an aggressive target compared to the level of commercialization of
domestic technology, thus the role of R&D is very important
- For hydrogen electric vehicles, securing a commercial model for a large vehicle

157

KISTEP R&D and Beyond 2021

R&D Keypoint

Offshore Wind Power Industry

R&D Insight

• Korea


R&D Inside

R&D Inspire

KISTEP News

R&D Infographic

also has been participating in the response to climate changes as a member

of the international community with the announcement of the “2050 Carbon Neutral
Promotion Strategy” and the “2050 Long-term Low-Greenhouse Gas Emission
Development Strategies” in December of last year.
The conversion of the main energy source such as fossil fuel to a new and renewable

■ 

energy is being accelerated.
• T
 he

energy consumption structure of sectors having a high proportion of greenhouse

gas emissions, such as industries, buildings, and transportation is being converted to

Summarized by KISTEP from the 131st KISTEP
Wednesday Forum

an environment friendly renewable energy base.
• O
 f

the total electricity produced in the European Union in 2020, renewable energies

have accounted for 38%, and for the first time, it has exceeded fossil fuels (37%) and
nuclear energy (25%).
• K
 orea

also has announced the Green New Deal as an axis of the Korean version of the

New Deal policy (July, 2020) and has been making efforts to secure carbon-neutral
electricity based on solar and wind powers.
Through this Wednesdays Forum, it has been intended to review the current

■ 
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status of technologies in domestic and overseas for offshore wind power which
is emerging as a low-carbon and eco-friendly economic base, and to seek R&D
measures for securing industrial competitiveness.

Status and Issues
Discussion Backgrounds
■ 

Market size of the offshore wind power

The amount of wind power introduced

The Wednesday Forum has been held to diagnose the current status of major

worldwide has increased sharply over the past 10 years, and the offshore wind power

issues in the national innovation system and policies for innovating science and

is expected to be developed significantly compared to onshore wind power due to

technology and to seek countermeasures; here, this forum has discussed on

location conditions and wind speed.

offshore wind power as a topic.

• A
 s

■ 

of 2019, the cumulative installed volume of wind power was 651 GW, which is

an increase by 10% compared to the previous year; of these, offshore wind power
The rising response to climate changes is one of the top priorities that mankind

accounted for 29 GW, accounting for less than 5% of the total.

must solve after the Covid-19 pandemic, hence, countries worldwide have been

- The cumulative installation of offshore wind power was followed by the UK (9.7 GW),

■ 

pursuing carbon-neutral strategies.
• A


total of 120 countries, including Canada and New Zealand, have declared the 2050

Germany (7.5 GW), and China (6.8 GW).
• The


average annual growth rate of 28.7% (2010–2019) of offshore wind power has

carbon neutrality, and Sweden, UK, and Hungary have completed legislation for the

been growing faster than the onshore wind power (13.7%), and 177 GW of cumulative

carbon neutral practice.

installation is expected by 2030.
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has been trying to nurture its companies into global companies, and it is expected to

[Figure 1] Wind Power Offshore Global Capacity by Region, 2009–2019

build a power generation system having a scale of 58.7 GW by 2030.
• (Japan)


It is implementing the “Act for Utilization of Renewable Energies in Sea Area

(2019)” and providing institutional support, and is planning to generate 18 GW by 2040
centering on technological alliances with overseas companies having technological
prowess, such as Osted, Denmark, and AON, Germany.
• (Taiwan)


Starting with Formosa 1, the first offshore wind power pilot project, it has

planned* to install 5.5 GW of new installations in 16 districts by 2025, and is applying
the local content requirement strictly to protect its domestic industrial ecosystem.
* “A 4-year Plan for Wind Power Generation” has been established (2017).

■ 

Source: “Renewables 2020 Global Status Report,” June, 2020

Domestic implementation status The development of large-scale offshore wind

farms centered on local governments is being promoted, it is seeking to improve
resident acceptability and strengthen industrial competitiveness through various

• N
 ew installations in 2019 (6 GW) were made by Europe (59%) and Asia (41%). China has

been ranked first in new installations with 2.2 GW, and is chasing the UK, the number

• T
 he

offshore wind power market is in the early stages of formation, the Korean

government had announced the “Roadmap for Propulsion of 2.5 GW Offshore Wind

one in cumulative installations.
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supports.

Power in the Southwest Sea (2010),” and has presented a vision to enter the world’s
■ 

Development of large turbines

Global advanced companies have been rushing

to announce plans to enlarge their turbines with goals to improve system efficiency

three largest wind power countries.
- The government had aimed to build a 2.5 GW wind farm in the Southwest Sea area

and secure long-life technology for cheap power supply.

by 2019, but due to the low acceptance of residents, only 60 MW has been installed

• I n

so far.

the global wind turbine market excluding China, which is mainly for domestic

demands, the top three turbine manufacturers, GE, Siemens, and Vestas, are leading

supports such as securing resident acceptance, and the industrial ecosystem has been

the market with a 70% market share.
• C
 urrently, an 8 MW-class power generation system has been commercialized, following

GE’s plan to develop 13 MW in 2021, Siemens (14 MW), and Vestas (15 MW) are

weakened as well due to a decrease in the interest of many domestic companies.
• P
 lans

such as the “Renewable Energy 3020 Implementation Plan” (2017), have been

presented, and efforts are being made to create a 12 GW offshore wind farm by 2030,

participating in the large-scale competition.
• I n

- The initial domestic market formation has been delayed due to insufficient institutional

Korea, Doosan Heavy Industries & Construction is promoting the development of an

8 MW-class turbine suitable for low wind speed environments as a governmental R&D

focusing on large-scale projects.
- With participation in the Paris Climate Agreement, it has announced a practical

project*, and is having 70% of turbine technology compared to advanced countries.

implementation plan for carbon reduction, and is planning to achieve 19% of its

* 8 MW-class large-capacity offshore wind power generation system development, 2018–2022, total project

renewable energy target with offshore wind power by 2030.
- It has been strengthening supports for finding locations, simplification of permits and

cost of 55 billion KRW.

licensing, and enhancement of resident acceptability through a number of policies
■ 

Offshore wind power policies in major countries

In the early stages of the

market, offshore wind power policies had been developed mainly in Europe, but
recently, it has been fostering the industry based on national support in Asian

such as “Korean version of New Deal (2020)” and “Offshore Wind Power Generation
Plan (2020).”
- In order to achieve the 12 GW target by 2030, it is expected that the distribution

countries such as China, Taiwan, and Japan.

centered on large-scale projects will expand, such as Shinan (8.2 GW), Ulsan (1.4 GW),

• ( China)

Southeast zone (4.6 GW), and Jeju (0.6 GW).

After comprising domestic demands and market through consistent policy, it
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Fostering industries at the national level It is necessary to make efforts at the national

level to lead the global trend of responding to climate changes rather than promoting
Development of 12-MW-Class
Ultralarge Turbine

Development of
Floating-Type System

Enter the
Global Market

Floating-Type of 4.6 GW for Southeastern Area

economically oriented projects.
• I t

is necessary to establish a cooperative system between related institutions such as

universities, research institutes, and test institutes, by referring overseas cases* such as
Norway, and to support clusters for technological development linkage.

4.1 GW for shin-an phase 2

3020 lmplementation Goals

Development
of 8-MW Turbine

* It has a solid cooperation system between NTNU (University of Marine Specialized), research institutes and test
facilities, and DNV-GL.

Phase 1 Large-Scale Project 7.9 GW

• It


Jeonbuk Southwest Area 2.4 GW, Shinan 3.5 GW, Ulsan 1.4 GW, Jeju 0.6

Electrictity Generation Business License 2.8 GW + Jeju 0.6 GW
Year 2020

Year 2022

Year 2025

is necessary to avoid the development of wind farms centered on individual local

governments such as Shinan and Ulsan, and to foster technologies and industries in
Year 2030

connection with the national renewable energy electricity supply and demand plan.

Source: “Offshore Wind Power Generation Plan,” July, 2020.

Suggestions for Policies
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■ 

Development of large-capacity and floating technology

In order to enter into

the global market, it is necessary to expand support for the development technologies
of large-capacity turbine and floating offshore wind power systems with high future
potential.
• W
 hile following the trend of large-scale turbines centered on overseas advanced companies,

it is necessary to develop technologies applicable to low wind speed environments, apply
them to the domestic market, and enter a global niche market.
• I t

is necessary to preoccupy the market by focusing on the development of items which

are in the market formation period, such as floating offshore wind power systems, floating
bodies, cables for offshore wind power generation, and mooring systems.
■ 

Construction of infrastructures

It is necessary to minimize the delay time between

product development and market application by promoting the development of wind
turbines linked to offshore demonstration complexes, and to create supporting sea ports.
• I t is necessary to expand opportunities for product demonstration by domestic companies

to secure track records and to support the enhancement of reliability of domestic products
and technologies in the market.
• B
 y utilizing the already established machinery and shipbuilding infrastructures, it is necessary

to link the construction of supporting piers for the creation of wind farms and the use of
installation equipment.
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Change when compared with
2020

Main Budget
(A)

First Supplementary
budget

Third Supplementary
budget

Finalized
by National
Assembly (B)

Increase (B-A)

1,738

72

1,664

4,376

2,638

151.7

72

1,664

2,248

2,248

Constant

72

1,444

3,351

2,353

229.5

Response
to
COVID-19

Increase Rate
(%)

Human
Body

998

Animal

473

72

574

101

21.4

267

220

72

184

68.9

-

72

2,243

Constant

1,738

2,133

395

22.7

Government-funded
Research Institute
New (Detailed, Internal)
Continued (Detailed,
Internal)
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Items

!
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• (Year


2021) To respond to infectious diseases, such as COVID-19, the budget will be

greatly increased, by 151.7%, when compared with the previous year's budget to a total
of 437.6 billion won (finalized budget by the National Assembly)

Background
It proposes the direction of government R&D investment to respond to the

■ 

emerging infectious disease crisis based on the status of COVID-19 diagnosis in
Korea and analysis of the case of Moderna, Inc. of the U.S.

※ The budget related to countermeasures for COVID-19 was 224.8 billion won, accounting for about 51.4% of
the total budget for infectious diseases.

Current Status of Major Government R&D Projects Related to COVID-19 Response

■ 

(See Attachment 1)
• ( Detailed

project) Support as a new project for 2020/2021, including development

of COVID-19 treatment and vaccine*, next-generation infectious disease response
platform development, quarantine technology development, and evidence-generating

Domestic Budget for Infectious Disease and the Status of Major
R&D Projects

research**
* Clinical support for COVID-19 treatment, for COVID-19 vaccines, and for COVID-19 treatment and vaccine costs
** Infectious disease prevention technology development, quarantine product technology development tailored
to field demand, research on the generation of medical technology basis for infectious diseases, and core

Current Status of Domestic Budget for Infectious Diseases

■ 

• ( Year

2020) The original budget for 2020 for all infectious diseases was 173.8 billion

won (project basis). This almost doubled with the supplementary budget because of
the spread of COVID-19.
※ With the first (7.2 billion won) and third supplementary budget (166.4 billion won), a total of 173.6 billion won
in response to COVID-19 was added (R&D basis, excluding vaccine purchase costs).

technology development for infectious disease response platform
• (Internal


project) Establishment of new internal projects within “National Health and

Medical Research Infrastructure Construction”
• N
 ational Institute of Virus and Infectious Diseases, operation of antiviral drug evaluation

laboratory, collection of confirmed patients multi-omics data and prognostic prediction
model development
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Diagnosis of Competitiveness of Domestic COVID-19 Treatment and Vaccine

■ 

■ 

and Treatments for COVID [as of April 2021]

Development Companies (See Attachment 2)

• ( Vaccine)

• ( Treatment)

The government provides 34 billion won (73.7% of the total research cost of

46.4 billion won) to five companies.

While domestic bio companies* are developing treatment for COVID-19,

development experience with antiviral drugs is currently insufficient

- Largest support for GX-19 (Genexine) and EuCoVac-19 (EuBiologics)

* Celltrion (biosimilar), GC Green Cross (blood products, vaccines), etc.
• ( Vaccine) While Korea has the potential as a vaccine producer and exporter with relevant

Company
Genexine

SK Bioscience

Candidate
Substance
GX-19

NBP2001

Total Research
Cost

Government
Subsidy

Development of phase 1/2a clinical trial and
approval of phase 2b/3 of CX-19, COVID-19 DNA
vaccine

12.4 billion won

9.3 billion won
(75%)

Phase 1 clinical trial to evaluate the safety and
immunogenicity of the COVID-19 vaccine in
healthy adults

3.2 billion won

Project Title

(Phase 1/2a clinical trial) Development of
COVID-19 DNA vaccine (GLS-5310)

9.8 billion won

7.4 billion won
(75.5%)

CELLID

AdCLD-CoV19

(Phase 1/2a clinical trial) Development of
clinical phase 1/2a vaccine for COVID-19
prevention based on adenovirus vector

8.4 billion won

6.3 billion won
(75%)

Research on phase 1 and 2 clinical trial of
COVID-19 vaccine EuCorVac-19

12.6 billion won
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※ Six domestic companies are producing WHO PQ (prequalification) certified vaccines, exporting more than
40% of the domestically produced vaccine products (514 billion won in 2018).
• ( Disease

GLS-5310

EuCoVac-19

of vaccines.

1.6 billion won
(50%)

Gene One Life
Science

EuBiologics

infrastructure, etc., it lacks the experience and expertise in independent development

control goods and devices) Successful cases, such as the rapid development

of COVID-19 diagnostic kits (high accuracy, more than 98%) and global export (86
products from 57 companies obtained export licenses)

Analysis of the Case of Moderna, Inc. of the U.S. that Succeeded
in Commercialization of mRNA Vaccines

9.4 billion won
(74.6%)

Source: Health Korea News (2021.4.19)

• DARPA

selects a challenge vaccine platform (mRNA vaccine) and contributes toward

securing innovative technology through long-term investment (10–15 years), starting

• ( Treatment) For COVID-19 treatment, the government supports 71.05 billion won (60%)

from the exploratory research stage.

of the total research cost of 118.5 billion won.
- A total of 52 billion won invested in Celltrion’s antibody treatment “Regkirona” (CT-P59)
Year

Company
Celltrion

Candidate
Substance
CT-P59

Project Title

Total Research
Cost

Government
Subsidy

CT-P59 COVID-19 antibody treatment
development (Phase 1 and 2 clinical trial)

36.6 billion won

22 billion won
(60.1%)

CT-P59 antibody treatment development (Followup project, Phase 3 clinical trial)

50.1 billion won

30 billion won
(59.9%)

Green Cross
Corporation

GC5131

Phase 2 clinical trial of COVID-19
hyperimmunoglobulin GC5131 (COVID-19 H-lg)

9.7 billion won

5.8 billion won
(59.8%)

Daewoong
Pharmaceutical

DWRX2003

Development of COVID-19 treatment
through clinical safety and efficacy evaluation
of sustained-release injection of SKP2
inhibiting DWRX2003 (Drug repositioning)

8.2 billion won

4.9 billion won
(59.8%)

Development of COVID-19 treatment through
clinical safety and efficacy evaluation of oral
TMPRSS2 inhibiting Camostat (Drug repositioning)

13.9 billion won

Camostat

8.35 billion won
(60.1%)

Source: Health Korea News (2021.4.19)

Major Research History of Moderna, Inc. of the U.S.

2013

- Heart disease and cancer collaboration with AstraZeneca—$240 million in advance
- DARPA Grants—supported up to $25 million

2014

- Rare disease agreement with ALEXION (Pharmaceuticals)—$100 million

2015

- Collaboration with MERCK (Pharmaceuticals) for infectious diseases—$50 million in advance, $50 million capital

2016

- Collaboration with private clinical trial organization—Pharmaceutical Product Development (PPD)
- Bill & Melinda Gates Foundation for HIV/AIDS—$100 million grant
- Collaboration with CHARLES RIVER (preclinical institution)
- Cancer vaccine collaboration with MERCK—$200 million in advance
- Collaboration with VERTEX (Pharmaceuticals)—$40 million in advance
- U.S. Biomedical Advanced Research and Development Authority (BARDA)—$125 million

2017

- Announced Chikungunya virus treatment candidate with DARPA
- Presented mRNA research results in Molecular Therapy (Science Journal on Molecular Therapy)
- Collaboration with AstraZeneca for mRNA therapy
- Started human administration of cancer vaccine with MERCK

2018

- Conducted Phase 2 clinical trial of a vaccine developed with AstraZeneca—Moderna’s first phase 2 clinical trial

2020

- U.S. Biomedical Advanced Research and Development Authority (BARDA)—$955 million
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[Attachment 1] Details of major R&D projects in the field of infectious diseases in 2021

trillion won) through Operation Warp Speed (OWS) and supported the early establishment
of large-scale clinical trials and mass production systems.

KISTEP News

Department
Ministry of
Welfare

the design and execution of clinical trials and scientific and technological advice.

Detailed Project Title

Detailed Project Title

Start of
Project

End of
Project

2021 Budget
(Million Won)

Infectious Disease Management
Technology Development Research

-

2012

Ongoing

23,993

Infectious Disease Crisis Response

-

2008

End of

6,973

Technology Development
Public Vaccine Development & Support

2019
-

2017

2022

13,577

-

2012

Ongoing

35,209

-

2020

2029

46,768

Dental Care Cross-

2021

2023

450

Center Establishment and Operation
National Health and Medical Research
Infrastructure Establishment

Implications
• Strategic

Infectious Disease Prevention and
Treatment Technology Development
Project

investment through short-term technological advancement and mid- to long-

Dentistry Medical Technology R&D

term technology security in consideration of the domestic technology level for each

Infection Prevention
and Management R&D

stage of infectious disease response (prevention/preparation-response-recovery)
Infectious Disease Prevention
Technology Development

-

2020

2022

13,933

Infectious Disease Medical Technology

-

2020

2022

1,500

Clinical Support for COVID-19
Treatment

-

2021

2021

62,700

Clinical Support for COVID-19 Vaccine

-

2021

2021

68,700

Clinical Support for COVID-19
Treatment and Vaccine Costs

-

2021

2022

7,400

Ministry of
Science and
ICT

Development of Core Technology for
Response Platform of New Infectious
Disease Variants

-

2021

2024

10,200

Ministry of
Industry

Government-wide R&D Fund for
Infectious Diseases Research

-

2020

2022

600

Ministry of
Food and
Drug Safety

Safety Management of Medical
Devices, etc.

-

2002

Ongoing

11,485

Safety Management of
Pharmaceuticals, etc.

-

2000

Ongoing

25,749

Ministry of
SMEs and
Startups

Development of Quarantine Product
Technology Tailored to On-Site
Demand

-

2021

2024

8,905

Ministry of the
Interior and
Safety

Ministry of Disaster Management
Collaborative R&D

Government-wide R&D
Fund for Infectious
Diseases Research

2018

2022

1,200

Ministry of
Environment

Government-wide R&D Fund for
Infectious Diseases Research (Ministry
of Environment)

-

2018

2022

700

Medical Infectious Waste Disposal
Technology Development

Medical Infectious
Waste Disposal

2021

2024

6,488

- In the short term, support the grafting of ICT technology into the quarantine system,
advancement of diagnostic technology, and continued investment in fields that require
competence in core technology, such as treatment and vaccine.
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Evidence Generation Research

- For COVID-19 treatment and vaccine, acquire pipeline to enter clinical trial stage
and select and support domestic companies with high success probability to aim at
creating rapid results.
• Stable

and long-term support by early discovery of innovative and challenging research

projects to preemptively enhance diagnosis, treatment, and vaccine platform technology
(mRNA vaccine, etc.) to respond to infectious disease crises
• Establish

public–private collaboration system to ensure that the development of

COVID-19 treatment and vaccine produces stable and sustainable results; enhance
research and development capabilities of industry, academia, research; declare and the
National Institute of Virus and Infectious Diseases a disease center and equip it; and
constantly reinforce the network through the sharing of research resources, information,
etc.
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[Attachment 2] Status of domestic development of COVID-19 treatment and vaccine (as of April 2021)

Type
Vaccine

Treatment

Company

Product

Classification

International Vaccine Institute

INO-4800

1,2a

DNA Vaccine

CELLID

AdCLD-CoV19

1,2a

Viral Vector Vaccine

Gene One Life Science Inc

GLS-5310

1,2a

DNA Vaccine

Genexine

GX-19N

1,2a

DNA Vaccine

SK Bioscience

NBP2001

1

Recombinant Vaccine

GBP510 (Adjuvant: Aluminum)

1,2

Recombinant Vaccine

GBP510 (Adjuvant: AS03)

1,2

Recombinant Vaccine

EuBiologics

EuCorVac-19

1,2

Recombinant Vaccine

Bukwang Pharm. Co., Ltd.

Levovir cap. (Clevudine)

2

Antiviral Drug (DR)

Shin Poong Pharm. Co., Ltd.

Pyramax (Pyronaridine, Artesunate)

2

Antiviral Drug (DR)

Chong Kun Dang

CKD-314 (Nafamostat)

3

Antiviral Drug (DR)

Approval

Antiviral Drug (DR)

Nafabelltan Inj. (Nafamostat
Mesylate)
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Backgrounds

Review

Crystal Genomics

CG-CAM20 (Camostat)

2

Antiviral Drug (DR)

Daewoong Pharmaceutical

DWJ1248 (Camostat)

3

Antiviral Drug (DR)

DWRX2003 (Niclosamide)1b

1

Antiviral Drug (DR)

Genexine

GX-17

1b

Immunosuppressant

GREEN CROSS WellBeing

Laennec Inj. (Hydrolyzed Placental
Extract)

2a

Antiviral Drug (DR)

Celltrion

CT-P59

2,3

Antiviral Drug (New;
Neutralizing Antibody
Treatment)

Regkirona 960mg (Regdanvimab;
Monoclonal antibody, Genetic
recombination)

R&D Insight

Approved

■ 

NewGen Nafamostat (Nafamostat)

1

Antiviral Drug (DR)

Dongwha Pharm

DW2008S

2

Antiviral Drug (New)

Immunemed Inc.

hzVSF-v13

2

Antiviral Drug (New)

It is evident that automotive semiconductors are to be in supply

shortage worldwide until the third quarter of 2021, and numerous automakers are
stopping or suspending production because of difficulties in supply and demand for
parts.
• T
 he

transition of the automobile industry to an industrial system centered on electric

and electronic technologies has been accelerated by the full implementation of electric
vehicles and autonomous driving technologies that are replacing the conventional internal
combustion engines.
• W
 hen

Antiviral Drug (New;
Neutralizing Antibody
Treatment)

NewGen Therapeutics

Current status

considering the current situation such as the competitive structure between

companies*, the rapid recovery in automobile demand (from the 3rd quarter of 2020) and
the excess demand for semiconductors across industries**, the shortage is expected to
continue in the mid- to long-term.
* Automotive semiconductor field is having relatively few technological differentiation factors, and the business
feasibility is not high due to price competition between companies, making it difficult for new companies to enter
and expand the volume of existing companies.
** Industrial demand for high value-added system semiconductors is rapidly increasing due to the spread of artificial
intelligence (AI) and non-face-to-face technologies

* (Phase) In the case of multiple clinical trials of the same company and the same substance, only the later stages
are indicated.
** (Classification) (New) New Substance, (DR) Drug Repurposing

■ 

Cause

In the early stage of the COVID-19 spreading, major foundry companies

have switched to the production of semiconductors for IT and home appliances having
high business potentials due to a decrease in semiconductors demand for vehicles
caused by production cuts in each country.
※ In general, approximately 6 months are required to reconvert to automotive semiconductor producing facilities
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• I n addition, this is due to the complex factors such as decrease in the price of semiconductors
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to $67.6 billion in 20261.

for vehicles because of fierce competition and the instability of the supply chains caused by
the unfavorable factors such as natural disasters*

• A
 lthough

the amount of shipping will be increased until 2023 because of high market

demand for MCU (ECU), the business viability is expected to decrease due to a drop in the

* (Taiwan) Drought (Spring, 2021) → Major foundries (TSMC, UMC) shut down
(Japan) Earthquake (February 2013) and fire (March 2019) → It took 3 months to restore Renesas' factory in Ibaraki

average selling price (ASP) owing to intensifying competition.

Prefecture
(USA) Cold wave and power outage in Texas (February 2015) → Infineon and NXP Austin plants in Texas stopped
operations

[Figure 1] Changes in the global MCU (ECU) market (2016 to 2023)2
40,000

0.8 Dollar

35,000
30,000

Features and Industrial Status

0.7 Dollar

25,000
20,000
15,000

■ 

Definition

Automotive semiconductors are components used to interconnect and

control various mechanical and electronic components constituting automobiles.
• B
 ased

0.6 Dollar

10,000
5,000
0

on functions, they are divided into ① microcontroller (MCU (Micro Controller Unit,

’16

’17

’18

electronic system control)), ② power semiconductor, and ③ sensor.
• M
 CU,

which is currently experiencing a supply shortage, is the smallest core component

Features

’21F

’22F

’23F

■ Shipments
(Million Each)

0.5 Dollar

ASP

• T
 he major suppliers in the MCU sector are Renesas (Japan), NXP (Netherlands), and Infineon

and calculation functions.
■ 

’20F
■ Market Size
(Million USD)

composing the ECU (Electronic Control Unit) that performs vehicle information processing
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’19F

(Germany) in that order, and Taiwanese foundries (TSMC, UMC) are occupying for 80% of
global production (Appendix 1)

Automotive semiconductors perform most functions such as driving,

steering, braking, power, communication, convenience, and safety and are required
to exhibit high durability, reliability, and safety compared with conventional
semiconductors.
• B
 y

Trends in Domestic and Overseas

the nature of the industry that is prioritizing safety, high verification standards* are

required for parts and modules, and at least 5 years are required from development to
■ 

mass production, and 30 years of compulsory production is required when commercialized.

and internalization.

to secure high-level functions and safety reliability of automotive electronic components.

• T
o

from advanced system semiconductors using ultrafine processes, automotive

strengthen the competitiveness of the overall semiconductor industry, the US

semiconductors have relatively low profitability compared with design and manufacturing

has announced plans to invest 50 billion dollars (about 56 trillion Korean Won) and

difficulties and development and production costs.

the European Union has announced an investment plan of 1 billion euros (about 1.35

* When compared with the latest system semiconductor processes (based on 12 inches, minimum linewidth <10

trillion KRW) in manufacturing technology.

nm), automotive semiconductors can be produced in a relatively low-level processes of 8–12 inches and 16–100

※ president Biden (USA) has issued an executive order ordering the review of product supply chains in four

nm depending on the purpose.

industries including semiconductors (February 2021) and promoted the establishment of domestic supply

* In general, mobile APs (Mobile Applications) are exceeding $100 per unit and generating 10–20% level of profits,

chains

whereas automotive MCUs are generating less than 10% profit mainly on priced products under $10 per unit.

■ 

To cope with the supply shortage of semiconductors, countries and

major companies around the world are strengthening investments for self-reliance

* For automotive electronic parts, Standard certification such as ASE-Q100, IATF 16949, and ISO 26262 is essential
• D
 ifferent

Overseas

Industrial Status

Automotive semiconductors are occupying approximately 10%

of the total semiconductor market and are expected to grow from $38 billion in 2020

1
2

Source: “Causes and Effects of Shortage of Semiconductor Supply for Vehicles”, March 2021, Export-Import Bank of Korea
Source: “Prospects for automotive system semiconductors based on function”, June 8, 2020, (1st) IC Insights, (2nd) Techworld
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• M
 ajor

countries in the automobile industry (such as Germany) are also promoting the

R&D Insight

• I t

respond to paradigm shifts*

securing production infrastructure, ② verifying reliability, and ③ utilizing prototypes.

semiconductor fabless companies: Renesas (Japan), Infineon (Europe), NXP, Texas Instruments (US), etc.

• D
 ue

to global vehicle demand saturation and overcapacity, investment in production

facilities dedicated to automotive semiconductors are unlikely to be made, and it is

Few domestic suppliers (fabless) are mostly small and medium-sized

being recognized as a security technology* and has a trend of internalization.

enterprises (SMEs) having sales of less than 100 billion KRW centered on limited

* Competition for hegemony in the next-generation vehicle semiconductor market is fierce due to electric

product items and are experiencing difficulties in large-scale investment because

vehicle proliferation policy of China, and major countries are outpacing the chase based on security and

of uncertain business feasibility.

stability
• U
 nder

the nature of the industry requiring long-term development and verification, due

these environments, domestic manufacturers are also strengthening the

to the lack of suppliers having experiences in developing core fields of automotive

ecosystem by reducing their dependence on foreign countries and promoting

semiconductors, most of the companies demanding them depend on foreign products.

cooperation with domestic suppliers, etc.

• 
I n

addition, because acquiring professional manpower in the domestic automotive

※ A domestic demanding company (Hyundai Mobis) is considering changing some of the MCUs, which
depended on imports, to domestic fabless (Telechips) products3.

semiconductor sector is difficult, expanding the ecosystem and human resources base
for this purpose is highly required.
■ 

is a difficult sector for new companies to enter because of low profitability against

※ Despite having MCU design capability, the domestic fabless are difficult to deliver due to difficulties in ①

※ Each major country in the automobile industry (Japan, Europe, USA, etc.) is owning major automotive
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technologies.

well as MCUs (ECUs), which are currently experiencing a supply shortage, are expected to increase rapidly.

• B
 y

KISTEP News

costs of development and production, when compared to other system semiconductor

* When switching to electric and autonomous vehicles, demand for sensors and power semiconductors as

Domestic

R&D Inspire

technological development.

internalization of automotive semiconductors to establish stable supply chains and

■ 

R&D Inside

Government R&D

Rather than investing in the current semiconductor technology that has reached

■ 

saturation, it is required to preoccupy the market through next-generation and

The government R&D investment in the automotive

high-value-added automotive semiconductors* centered on future paradigm

semiconductor sector for the recent three years (2017 to 2019) was approximately

shifts.

124.3 billion KRW, accounting for about 5.1% of the total investment in the system

* Power semiconductors for next-generation automobile, ADAS (Advanced Driver Assistance Systems), positioning

semiconductor sector (2.421 trillion KRW) (Appendix 2).
• T
 he

for autonomous vehicle, V2X (Vehicle to Everything) communication semiconductor

order of the previous investment by ministries over the past three years is as

• B
 ecause the cause of the supply shortage is the decrease in the amount of consignment

following: the Ministry of Trade, Industry and Energy (68 billion KRW, 55%), the Ministry

production due to the deterioration of business feasibility, there is a limit to only short-

of Science and ICT(33.7 billion KRW, 27%), and the Ministry of SMEs and Start-ups (8.4

term intensive semiconductor R&D investment.

billion KRW, 7%).
• S
 MEs

※ Because acquiring a market size with only domestic demanding companies is uncertain, development of
products targeting the global market and developing sales channels to generate profits are required.

(49.9 billion KRW, 40%) accounted for the highest percentage of execution

• S
 upporting the development and commercialization of semiconductor technologies for

subjects and centered on the development and research stages (60.9 billion KRW,

next-generation vehicles, including high-efficiency compound power semiconductors,

49%).

is desirable (Appendix 3)
The government is supporting the strengthening of the ecosystem, such as matching

■ 

between companies of supply and demand, nurturing professional manpower to

Implications
■

actively respond to changes in the industrial paradigm, and the movement to
internalize the semiconductor sector in major countries.

Uncertainty in the supply of semiconductors for vehicles is intensified because of

• C
 onsidering

the uncertainty of demand forecasting due to the spread of infectious diseases

the specificity of the industry (low profit compared to development

and the rapid structural change of the traditional automobile industry along the
3

Source, “imported 98% of automotive semiconductor MCU, first developed and released in Korea”, JoongAng Il-bo May 6, 2021
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[Appendix 2] Status of Government Investment to R&D

R&D Infographic

Unit: Hundred Million KRW (Korean Won)

between companies of demand and supply to identify technology demand and
support commercialization.
• T
 he

Leading Ministries

government is actively supporting industry–university exchange programs to

500

revitalize the professional manpower demand and supply and resource pool.

400

※ (Singapore-Infineon (Germany) case) The Singaporean government is providing full support for nurturing

300

system semiconductor manpower by ① attracting semiconductor design center of the Infineon and ②

200

supporting the dispatch of specialists to the headquarters (support for living expenses and labor costs)4.
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Figure source: “ITER Research Plan within the Staged Approach,” ITER(2018)
[Appendix 1] Current status of major suppliers of semiconductors for vehicles and consignment production

Supplier
Renesas
Electronics

176

Share
(%)

26

Infineon

14

Cypress
SemiConductor
(Acquired by
Infineon)

9

Texas
Instruments

7

Microchip
Technology

7

ST
Microelectronics

5

period from 2017 to 2019 when the investment amount was confirmed through a search for related keywords

Consignment production status by MCU type
16 nm

30

NXP
SemiConductors

※ The size of the project for the government R&D investment trend in this paper has been calculated based on the

28 nm
Year 2016 MCU
Consignment
production
(TSMC)

MCU
Consignment
production
(TSMC)

40/45 nm

65 nm

Year 2012 MCU
Consignment
production
(TSMC)

Year 2015 MCU
Consignment
production
(TSMC)

Year 2013 MCU
Consignment
production
(TSMC)

Control/conversion

Year 2016 MCU
Consignment
production
(UMC)

MCU
Consignment
production
(TSMC, UMC)

DSPs
Self-production

Consignment
production by
many Companies

Consignment
production by
many Companies

mostly selfproduction,
some
consignment

“The future of system semiconductor with Infineon, the No. 1 semiconductor company”, Chosun Biz, June 22, 2019

Description
Map-based technology and control technology for the convenience
of autonomous driving drivers

Recognition

Sensor linkage technology for development of lidar/radar core
technology and efficient data collection and recognition

Chassis/Powertrain

Semiconductor technology linked to vehicle failure detection and
control technology

Safety information

Technology for in-vehicle analysis → recognition → control based on
information collected from sensors

Actuator drive
semiconductor

-

Promoting for developing low-power, high-efficiency battery
management and diagnostic IC technology that meets vehicle
reliability standards

In-vehicle communication
semiconductor

In-vehicle connection
technology

High-speed communication technology and connection/control
technology for vehicles

Semiconductor for V2X
communication

Vehicle electronics

Semiconductor technology development for internal and external
security

Connection technology

Development of wireless-based ultralow latency technology

-

Promoting for developing of high-efficiency SiC device, high-speed,
low-loss GaN power device, and high-efficiency power semiconductor
device technology

Battery related

IC technology for battery management, diagnostics, and more

Year 2016 MCU
Consignment
production
(TSMC)

Source: Semiconductor Chip Shortage Whitepaper (February, 20212), IHS Markit, summarized by KOTRA Detroit Trade Center.

4

Category
semiconductor, sensor, SW

MCU
Consignment
production
(TSMC)

mostly selfproduction,
some
consignment

[Appendix 3] High value-added automotive semiconductor field

Automotive AI

Year 2016 MCU
Consignment
production
(TSMC)

Year 2017 MCU
Consignment
production
(TSMC)

(“vehicle semiconductor”) through National Technical Information Service.

110/130 nm

High-efficiency compound
power semiconductor and
integrated device
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• I nstitutional evaluation of government-funded research institutes has evolved reflecting

The Future of Government-funded
Institutional Evaluation System

the characteristics of research institutes, differentiated from other evaluation systems,
such as public agency evaluation by the Ministry of Strategy and Finance or evaluation
of other agencies directly under the jurisdiction of the ministries.
The institutional evaluation system has continued to improve in the direction of

■ 

expanding autonomy, alleviating the pressure of evaluation, increasing expertise
and reliability, expanding the utility and strategy of evaluation, reinforcing
qualitative evaluation, and focusing on effectiveness.

Summarized by KISTEP from the 134th KISTEP
Wednesday Forum

• H
 owever,

in the research field, there is still a critical view on whether the institutional

evaluation is contributing positively to performance and institutional development.

Directions to take for
institutional improvement

System improvements details
• Increasing institutional evaluation frequency: 3–6 years for research projects, expanding

Expanding autonomy

tenure of the head of the institution for operational purposes
• S
 etting performative goals autonomously
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Discussion Background

Reducing evaluation workload

• R
 eflecting external evaluation results in institutional operation evaluation
• E
 stablishing an absolute rating system

Strengthening of
professionalism and reliability

• S
 electing evaluators based on their expertise through recommendation or public

Strengthening evaluation utility
and strategy

• A
 dapting strategic consulting to derive institutional development strategies when

Transitioning evaluation
system to a qualitative and
effectiveness-oriented model

• S
 hifting to an effectiveness-oriented evaluation model focusing on qualitative performance

The purpose of the Wednesday forum is to diagnose the status of major issues in

■ 

the national innovation system and science and technology innovation policy and
to seek countermeasures. The topic of this forum is government-funded research
institutions’ evaluation system.

announcement
• E
 xpanding the evaluation committee and operating a selection evaluation committee

establishing research plans

and effectiveness rather than quantitative evaluation for theses and patents.
• R
 emoving performance indicators used to set over-the-top performance goals

Institutional evaluation system of government-funded research institutes of

■ 

science and technology is a means of enhancing the values the government-funded
research institute pursues: publicity, accountability, effectiveness, efficiency, and
excellence.
• T
 he

purpose of an institutional evaluation is to advance the evaluation system for

these institutes for them to become world-class institutes that produce world-class

This Wednesday forum will serve as an opportunity to identify fundamental

■ 

problems in the current institutional evaluation system for government-funded
research institutes, while redefining the direction these institutes should take and
seeking out future-oriented ways to improve institutional evaluation systems.

outcomes in the environment and are shifting to a more creative and proactive R&D
development system.
Institutional evaluation of government-funded institutions has been refined

■ 

through institutional development, starting from the first evaluation in 1991, down
through common standard evaluation (2009) and mission-oriented evaluation
(2014), to now having arrived at the current evaluation system.

Status and Issues
Status of science and technology evaluation overseas
■ 

Status of major countries

Institutional performance evaluations are being
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conducted in countries around the world to attain excellence in research institutes,
the effectiveness of government work, and financial security.
• T
 he

- (Formative evaluation) Based on a credit-claiming strategy that focuses on credits

Max Planck Society of Germany supports the research environment without

rather than giving penalties, the method premises that an institute is doing well and

interfering; the institute performs evaluation from the perspective of guidance rather

suggests a plan for further development. The pressure on the evaluator is greater

than awarding penalties.

than that on the evaluatee.

• T
 he Fraunhofer Society in Germany sets its own evaluation criteria, conducts comparative

evaluations with peer institutes overseas, and uses the results as reference for the

■ 

future.
• In

Subject (Who)
• Incentive

the United States, in accordance with the Government Performance and Results Act

Evaluator and evaluatee

point of view of the evaluator and evaluatee

-
(Evaluator's point of view) Implicit incentives are more important than explicit

Modernization Act (GPRAMA), ministries establish strategic plans, annual performance

incentives for sustainability.

plans, and key performance goals (APGs)*; check and manage performance; and report

- (Evaluatee’s point of view) Both explicit and implicit incentives are low.

the evaluation results to the National Assembly and the Office of Management and
Budget (OMB).

Category

* Agency Priority Goals

Evaluator

Explicit incentives

Money, resources

• I n

Implicit incentive

Reputation, social recognition

• Differences

of Science, and the results are used to determine performance-based salary and

institute regarding the necessity of the institutional evaluation system, the degree

** Government-owned, contractor-operated (GOCO)
• B
 iotechnology

of understanding of the purpose of the evaluation and its system, and the validity of

and Biological Sciences Research Council (BBSRC) evaluates the world’s

the evaluation results.

leading life sciences research institutes; awards eight strategically funded institutes

- The need, understanding, and acceptance of the evaluation system are relatively

the nation’s socioeconomic benefits; and uses the result data to decide on research

lower for the evaluated institute than they are for the evaluator.

funding allocation and develop research institute management and operating systems.
■ 

Issues
Redefining the direction of institutional evaluation

Identifying the fundamental

problems of institutional evaluation from six perspectives: philosophy (why),
subject (whom), time (when), what, how, and feedback.
■ 

Philosophy (why)
• A
 n

in the perceptions of the evaluator and evaluatee

- There is a significant gap in the perceptions of an evaluator and an evaluated

contract extension.

■ 

Authoritative citation of evaluation results

the case of the U.S. Department of Energy (DOE), the department performs

evaluations on eight performance goals for 10 National Labs** under the Department

180

Payment of performance salaries for heads of institutes
reflected in the organizational budget

- Benchmarked for the design and operation of institutional evaluation in Korea; mainly
conducts reviews or monitoring rather than evaluation

Evaluatee (institutes)

Why conduct institutional evaluations?

evaluation without philosophical reflection on the purpose of the evaluation poses

risks of an inclination toward being a summative evaluation.
- (Summative evaluation) Summative evaluation is a method that emphasizes giving
penalties than credits. When an institution's performance is poor, the government is
inclined to find shortcomings of the institute for blame-avoidance. The pressure on
the evaluatee is greater than that on the evaluator.

When
• T
 he

Evaluation timing and frequency

appropriate timing and frequency of evaluation vary depending on whether the

focus is on the leadership of the head of the institute or the autonomy of researchers
in evaluation.
- In the case of evaluation interlocking with the term of the head of institute, it could be
used as part of the blame-avoidance strategy in finding a scapegoat (Weaver, 1986).
• F
 rom 2019, evaluations have been conducted by separating the research project sector

and institutional operation sector so that mid-to-long-term research performance
would not be hindered.
- Usually, the evaluation of institutional operation is synchronized with the term of
the head of an institute, while the evaluation of the research project is synchronized
with the research performance cycle; however, some confusion exists on this part in
the field.
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the case of research project evaluation, institutional evaluation should be a means

of generating information necessary to enhance and revitalize research performance

is needed, depending on the type of institute.

rather than a means of control.

- The five virtues of publicity, accountability, effectiveness, efficiency, and excellence
evaluated by institutional evaluation are of different dimensions and do not converge
in one direction; therefore, it is unrealistic to achieve all five goals at the same time.
indicators) There are trade-offs in evaluation indicators as well; it is

Choosing formative evaluation over summative evaluation.

Evaluation philosophy
• In


the current strategic focus of institutional evaluation is arbitrary; a portfolio approach

• (Evaluation


R&D Inspire

Policy Suggestions

Evaluation items and others

• ( Evaluation

R&D Insight

■ 

Enhancing credibility and acceptability of evaluation by adapting

Evaluator

top experts in the field.
• Composing


unrealistic to eliminate false positives or false negatives during evaluation.

the evaluation committee with world-class experts that can be recognized

by the evaluated institution.

- If evaluation indicators were too strict, the creativity and autonomy of the institution

※ (A case in South Korea) The Institute of Basic Science (IBS) conducts peer-review of overseas scholars for

would be hindered, and if they are too loose, the evaluation consistency might

performance evaluation and to form the selection and evaluation committee.

deteriorate.

☞ The selection and evaluation committee (SEC), which is composed of world-renowned scholars, is an
evaluation committee for each research group. They conduct scientific excellence evaluations, rapporteur

■ 

How
• T
 he

Evaluation response

monitoring, etc. and decide whether to continue the research group based on the evaluation results.

- From the point of view of the evaluated institute, the authority of the evaluator can

identity of an institute should be reflected in its mission or vision, and the internal

members of the institute should be aware of the mandates and objectives of their

be the most effective incentive in terms of reception of the results.

institute; however, many government-funded research institutes lack common

※ Acceptance rate for publication in American Management Review (AMR), the top journal in the field of
management, is very low (6%). However, many applicants submit their articles because they could get

understanding on this part.
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• I n

helpful feedback from experts in the field for editing.

the process of preparing for evaluation, insufficient discussions among internal

- A more approachable alternative is to invite international scholars to participate as

members of the institute debilitate executive power.

measures or indicators.

Feedback about results

• Systemizing

evaluator management to avoid having different evaluators every time and

It is necessary to review as to whether incentives or positive outcomes of an evaluation

to increase the consistency of evaluations.

are sufficient for both evaluator and evaluatee.

※ The Ministry of Strategy and Finance established a 10-year evaluator nurture system: evaluation committee

- (Evaluated institute) In addition to external incentives, it is also necessary to review as

member (3 years)—head of department (3 years)—special evaluation (3 years)—chairperson (1 year).
• Establishing


to whether explicit and implicit incentives are sufficient for internal members.

a permanent evaluation committee as a running mate for each research

institute and creating an environment wherein relevant issues can be discussed in-

- (Evaluator) From the perspective of the government or the evaluation agency, it

depth.

is necessary to review as to whether evaluations bring about positive outcomes in
terms of policy development.
Mass

■ 

Niche

Cost

Mandates
Cost Leadership

Cost Focus

Focus

Strengthening concentration on a strategy and enhancing

• Differentiating

and categorizing the strategic focus of institutional evaluation according

Mission

to value priorities and drawing a policy consensus based on it.
• Adapting


quantitative indicators to enhance the reliability and effectiveness of

qualitative evaluation

Goals
Objectives

Poter's Generic Strategies

Evaluation method

reliability and effectiveness of qualitative evaluation.

Vision
Superiority

■ 

general committee members, whereby they could propose institutional improvement

■ 

Evaluated contents

Avoiding duplicate evaluations with project evaluations,

the evaluation must be conducted from a macro perspective encompassing an
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institute as a whole rather than focusing on detailed technical performance.
• Proposing


suggestions from the point of view of the core competency that will bring

about positive outcomes; consulting-oriented suggestions for development directions
and ways to nurture core competencies
- It is recommended the representative performance results be evaluated rather than
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Large Research Facilities and
Equipment: Multi-Purpose
Light Source

with its vision, and its mid-to-long-term directions.
• For


meta-evaluation, the results of individual institutional evaluations should be

synthesized horizontally and vertically as in the case of BBSRC-affiliated institutes
under the British Research Council, rather than evaluating the appropriateness of selfevaluation.
■ 

Summarized by KISTEP from the 135th KISTEP
Wednesday Forum

An integrated evaluation is recommended rather than

Evaluation timing

separating management and research evaluation uniformly.
• There


is a need to explore new directions, i.e., focusing on research project evaluation

tailored to the research performance cycle, while minimizing institutional operation
evaluation rather than integrating management and research evaluation in conjunction

184

with the term of the head of the institute.
■ 

Evaluation response

It is necessary to reflect in the evaluation as to whether an

institute had sufficient communications and interactions with internal members in
the process of planning.
- It is important to ensure the establishment of a plan to which internal members agree
through sufficient communication for stronger executive power.
■ 

Result feedback

It is important to strengthen the effectiveness of feedback so

that the evaluation nurtures institutes by bringing to the fore positive outcomes to
the next research implementations rather than it being a one-off event.
• Considering


incentives, such as additional budget allocation depending on evaluation

results, compensation for researchers for innovative outcomes, or reducing
performance pressure
• Providing

full and sufficient

benefits and support for top evaluated institutes, i.e., block

grants, reappointment of the head of the institute, and resolutions for pending issues.

Discussion Background
■

The Wednesday forum is conducted to find countermeasures through current status
analysis and problem diagnosis in various science and technology fields, and this
forum discusses the large research facilities and equipment.

Large research facilities and equipment are the foundation of epoch-making

■ 

advancement of the big science and industrial technology fields such as nuclear
power, nuclear fusion, accelerator, IT, space, ocean, etc. and are the key factors for
the advancement and enhancement of competitiveness in basic science and industrial
technology.
As the demand for investment in large research facilities and equipment increases at

■ 

the national level, it is necessary to select, build, and operate large research facilities
and equipment in a more systematic and strategic way.
Despite the need for reasonable planning and systematic management of the national

■ 

large research facilities and equipment construction projects, relevant domestic cases
are lacking.
Through this Wednesday forum, cases of agreement and cooperation in the scientific

■ 

community’s in-depth review process and planning process will be introduced to
resolve the recent disputes and issues raised in the process of constructing a multi-
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purpose light source, a large research facility and equipment. It also explores directions

and cooperation from the scientific community in the establishment process. Future

for improving policies and processes to systematically plan, build, and operate large

construction systems for large research facilities and equipment needs to be improved

research facilities and equipment.

using this example.
• Progress


of multi-purpose light source beamline

- The basis for constructing the multi-purpose light source was established in the long-term
roadmap and operation strategy of large accelerators (March 24, 2020, Advisory Council

Current Status and Issue

on Science & Technology).
-
Survey on overseas accelerator beamline utilization (February 2020) and review on

■

Due to the enlargement of the large research facility and equipment construction
project, each element of technology was subdivided and increased the complexity of

beamline technology by specialized institutions (February–April 2020).
- Self-conducted demand survey of several branch departments (February 2020), demand

management.

survey of the Radiation Users Association (April 2020), evaluation of branch departments

• Large

research facilities and equipment are enlarging gradually due to the development of

(February 2020).

new technical know-how and advancement of science and technology. Due to increased

- Introduction and preliminary feasibility planning report of beamline multi-purpose light

technological complexities, more cases are promoted through joint projects.

source Concept Research Council (Reflection and submission of the 10th beamline (late

- (France)

International Thermonuclear Experimental Reactor project and (Chile) Giant

April–May 14, 2020)).

Magellanic Telescope project are representative examples of global joint projects.

- Preliminary feasibility study team, committee review of 10 beamlines (Advisory Committee,
Advisory Committee on Technology, July–November 2020)
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■


It is necessary to examine the process of building and operating large research
facilities and equipment such as the five large accelerators that have been constructed
and the multi-purpose light source which is planned to be promoted through the
establishment and announcement of government policies to resolve national issues
such as Japan’s export controls and COVID-19.
• A


multi-purpose light source for industry support is planned to be constructed through

- Status report of 10 multi-purpose light source beamlines (Radiation Users Association,
online, October 22, 2020)
- Multi-purpose light source international advisory meeting (September 22, 2020) Result
submission (early November 2020)
- Status report of 10 multi-purpose light source beamlines (Radiation Users Association
regular general meeting, November 20, 2020)

policies such as “Investment strategy and innovation measures for materials/parts/

- Preliminary feasibility study team presented inquiries on the 10 beamlines (December 2020)

equipment R&D” (August 2019) and “long-term roadmap and operation strategy of large

- Technology Review Committee of the multi-purpose light source beamline (December

accelerators” (March 2020).
• The

five large light sources that have been constructed are being built or operated for use

2020–January 2021)
• Scientific

agreement through the review of the Technology Review Committee of the multi-

in various fields such as basic science, applied science, and industry.

purpose light source beamline

- 3rd generation light source, 4th generation light source (XFEL), Proton Accelerator, Heavy

- (Efficiency of beamline operation) Change “beamline for only industrial use” to “industry

Ion Accelerator (to be built in 2021), Heavy Particle Accelerator for Medical Use (to be

priority support beamline.” Support is needed to enable industry support for seven

built in 2023).

leading basic and original research beamlines, if required.

- The amount of government R&D investment in the accelerator sector increased by an
average of 8.7% over the past five years (2015–2019).

- (Industry priority support beamline) Select the appropriate experimental technique for
each energy range as the main specifications of each beamline, focusing on the high

• As
 a number of issues were raised during the construction process of heavy ion accelerators

throughput technology required by the industry. Construct a platform-type beamline

and heavy particle accelerators, the need for adequate pre-planning and improvement of

using specific materials but consider the division of roles by beamline according to the

construction methods for large research facilities and equipment also emerged

energy domain to save budget and improve the efficiency of beamline operation.
- (Replacement of unsuitable beamlines) Replace beamline no.10 which was judged to be

The multi-purpose light source is the first successful case in Korea that drew consensus

■ 

unsuitable with the nanoprobe beamline (using the light source characteristic of 4GSR)
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and equipment was set up different from prior cases with the aim of supporting basic

- (Unification of experimental technique) Priority selection of focused technology (single

research and industry, through the multi-purpose light source cases, but the method is the

purpose) per beamline.

same as before.

- (Reflecting 4GSR characteristics and PLS-II differentiation) Select to make use of the

• While

it is important to simply build the necessary equipment and facilities by reflecting the

characteristics of 4GSR and to enable experimental techniques, experimental areas, and

industry demand to ensure industrial utilization, it is also necessary to find a way to attract

resolutions that were impossible with PLS-11.

industry interest and investment from the construction stage.

- (Reflecting factors for stable operation of the accelerator) Change or exclude the Wiggler
beamline that requires performance verification and development through stable
operation of the initial light source.

■ 

Human resources cultivation

Diversified projects on developing human resources

on building and operating light source are needed.
• In


- (Other) Proposal of two long beam lines (No. 9 and No. 10 beamlines), and specifying

order to maximize the use of radiation accelerators as well as build staff for the

construction of light sources, it is essential to train beamline scientists.

essential parts, which are indispensable considerations for budget validity.

- In the case of PAL-II, there is an absolute shortage of beamline scientists for each

- (Review result) Select the 10 beamlines that maximize the characteristics of the light

beamline.

source so that the specifications of the “multi-purpose light source” as 4GSR is optimized
and the experimental technique, experimental area, and resolution that were impossible
are enabled compared with the PLS-II.

■ 

Public support

For the success of large research facility construction projects,

public support is needed for securing budget and investment.
• Since

large research facilities require a large-scale national budget in a short period of time,
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public consensus on the priority of budget input is necessary.

Policy Proposal

• Two-way

governance is essential, such as collecting and delivering opinions from the public

in consideration of changes in the financial and social environment such as low growth and
■ 

Collection of user opinions

population decline.

Direct participation and collection of opinions

from users is essential so that user needs can be reflected from the planning to the
construction stages of large research facilities and equipment.
• The


multi-purpose light source is a user-friendly facility. It is essential to collect sufficient

■ 

Scientific community’s consensus

When establishing mid- to long-term plans

for large research facilities, it is necessary to conduct extensive technical review and

opinions so that user needs can be reflected, and active participation of users is required for

collect opinions from the scientific and technological community.

forming a steering committee even in the full-scale construction stage such as production

• The


R&D investment and budget allocation, and the process of collecting opinions and

and installation.
• In


large research facility construction plan is a major issue in the process of government

the case of construction, it is necessary to include users in the building advisory

committee so that the needs of users can be fully reflected in the stage of determining the

consensus across the science and technology community is important.
• Large

research facilities have basic research-based infrastructure, and construction of large

research facilities (past light sources, heavy ion accelerators, heavy particle accelerators,

space program.

etc.) is a frequent issue in the process of government R&D investment and budget
■ 

Advancement of construction and operation measures

It is necessary to seek

advanced measures to build and operate large research facility and equipment in the

allocation in basic infrastructure fields.
- Even among researchers in the field of basic research, there are differences of opinion and

future in line with the changed status of national science and technology or industry.

conflict structures* about the construction of large research facilities.

• Even

if the purpose of construction is different for each large research facility, it is necessary

* Expansion of investment in basic research led by researchers vs. establishment of large research equipment

to improve the construction and operation system based on the similarity of large research
facilities.
• In
 the case of multi-purpose light source, the construction plan of the large research facility

• In


order to not create a conflict structure in terms of securing financial resources and

prioritizing construction, it is necessary to consider more specific discussions and consensus
procedures within the science and technology community.
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Definition and Scope of a Heavy Ion Accelerator

Establishment of Large-Scale Research
Facilities Centered on Heavy Ion
Accelerators

The heavy ion accelerator accelerates heavy ions* and collides them in high energy

■ 

to a target for generating rare isotopes (RI), which do not exist in nature. The heavy
ion accelerator provides heavy ions in the form of beams within the experiment
equipment for research and utilization.
* Ions of elements heavier than hydrogen and helium

[Figure 1] Principle of rare isotope (RI) generation

Generating
캐나다
ions

가속
Acceleration

Experiment A
Experiment B
Experiment C

표적to
Collide
충돌
target

…

SunYoung Hamh, KISTEP
Jihyun Ahn, KISTEP

Experiment n

Incident device

Accelerator

RI beam generation and separation
equipment

Experiment equipment

Source: website of the Heavy Ion Accelerator Construction Project Group

• RI*
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appears and disappears in a very short period of time during the evolution process of

the universe, and only a very small amount remains or does not exist on earth.

Summary
Background

* Elements having the same number of protons but different masses due to different numbers of neutrons
[Table 1] Examples of rare isotopes (RI) of hydrogen

The construction and utilization of large-scale high-tech research facilities have

■ 

been recognized as a means for creating world-class research results and enhancing

Element

Isotopes

Rare isotopes

national competitiveness.
The advanced countries in science and technology, such as the United States and

■ 

Europe, including Korea, have been actively establishing and utilizing large-scale
research facilities such as large particle accelerators.
U.S. has been stably promoting construction projects for large-scale research

■ 

facilities; however, in Korea, plans for such construction have been frequently

Hydrogen
1 proton, 1 neutron

Deuterium
2 proton, 1 neutron

changed, such as the recent, repeated delay in completing the RAON (Rare isotope

Tritium
3 proton, 1 neutron

1 proton, ?neutron

Source: website of the Heavy Ion Accelerator Construction Project Group

Accelerator complex for On-Line experiments).
• The

heavy ion accelerator accelerates heavy ions* and collides them in high energy to

This paper is aimed to investigate domestic and overseas trends for constructing large-

a target for generating rare isotopes (RI), which do not exist in nature. The heavy ion

scale research facilities, centering on heavy ion accelerators, which have undergone

accelerator provides heavy ions in the form of beams within the experiment equipment

several plan changes during the implementation of projects, and to seek improvements

for research and utilization.

in the implementation of large-scale research facilities in Korea.

* Ions of elements heavier than hydrogen and helium

■ 
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There are two main methods for generating RI: ISOL (Isotope Separation On-Line)

acceleration technology and RI generation technology, which are core technologies

and IF (In-Flight Fragmentation) methods. - The ISOL method generates RIs by

of heavy ion accelerators have been investigated.

accelerating light elements (hydrogen, etc.) and ions (protons, etc.), colliding them
[Table 2] Large-scale heavy ion accelerators and rare isotope generation methods in domestic and foreign

with a heavy element target, and extracting target RIs among them.
• The

IF method accelerates ions of heavy elements (calcium, lead, uranium, etc.), and

Description

extracts RIs from fragments of heavy elements after colliding with a light element

Institution/

target.

accelerator

Korea

Canada

IBS/ RAON

period

[Figure 2] Methods of rare isotope (RI) generation (ISOL, IF)

ISOL(Isotope Seperation On-Line)

IF(In-flight Fragmentation)

Germany

U.S.A.

Japan

China

GANIL/

GSI/

MSU/

RIKEN/

IMP/

ISACⅡ

ISOLDE

SPIRAL2

FAIR

FRIB

RIBF

HIRFL

under
construction

constructed

constructed

constructed

under
construction

under
construction

constructed

constructed

2010-2021

2000-2010

2012-2025

2000-2017

2010-2019

2009-2022

1997-2006

2000-2008

(1st stage)

(performance

(Additional

(ISOL

(performance

(ISOL

2024-2027

improvement

experiment

construction

improvement

construction

(2nd stage)

in progress

equipment

plan being

In progress)

plan being

are being

established)

Target RI
beam

Target RI
extraction

Reaction of
Target cleavage

High energy
Heavy ion beam
(uranium, etc.)

Advantage: excellent isotope beam quality
Disadvantages: limited variety of isotopes
● Time for generating a beam is long: long-lived isotope beam > 10-3 s

light target
Reaction of
(carbon, etc.) beam cleavage

Various
RIs

Advantage: able to create a variety of isotope beams
Disadvantages: low isotope beam quality
● Time for generating a beam is short: short-lived isotope beam > 10-5 s

●

●

●

●

established)

built)
RI generating ①ISOL, ②IF,

Heavy target
(Uranium, etc.)

France

CERN/

name
Build-up

High energy
Proton beam

Europe

TRIUMF/

method

ISOL

IF

③ISOL + IF

Reference: “Budget Request for International Science Business Belt Construction Project in 2021,” Ministry of Science and Information
and Communication Technology (2020b); ESFRI (2018). “Roadmap 2018: Strategy Report on Research Infrastructures.”

Source: pp.2–6, “Development Status of Superconducting Heavy Ion Accelerator for Rare Isotope Science,
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” Physics and advanced technology. Volume 24 (No. 10), by Ju-han, Lee, Taek-soo, Shin, Soon-chan, Jeong (2015).
• The

Technology Trends

Korean heavy ion accelerator, named RAON, is the first facility in the world that

combines ISOL and IF methods.

Technologies for Ion Acceleration
In the existing large-scale accelerators, the room temperature acceleration

■ 

[Figure 3] Methods of rare isotope (RI) generation (ISOL + IF)

technology has been mainly used, but recently, the superconducting acceleration
ISOL + IF

technology is being used to increase the efficiency of acceleration.
Light target
(carbon, etc.)

IF
[Table 3] Comparison of accelerating tubes in large-scale heavy ion accelerators in domestic and foreign countries
very rare isotopes

High energy
Proton beam

Heavy target
Reaction of
(Uranium, etc.) Target cleavage

ISOL

Primary RI
extraction

primary RI
re-acceleration

Reaction of RI
beam cleavage

Various
Secondary
RI beams

Description
Institution/

Korea
IBS/ RAON

Acc

Europe

France

Germany

MSU/ FRIB

Japan
RIKEN/

China

CERN/ HIE

GANIL/

ISACII

ISOLDE

SPIRALII

-

-

-

-

-

-

-

-

Super Type

QWR, HWR,

QWR

QWR

QWR

CH cavity

QWR, HWR

-

QWR, HWR

con

SSR
Nb

Nb coated

Nb

Nb

Nb

-

Nb

Phase

GSI/ FAIR

U.S.A

TRIUMF/

accelerator name

Able to generate more rare isotopes

Canada

IMP/ HIRFL

RIBF*

elera temperature

Source: pp.2–6, “Development Status of Superconducting Heavy Ion Accelerator for Rare Isotope Science,

ting

” Physics and advanced technology. Volume 24 (No. 10), by Ju-han, Lee, Taek-soo, Shin, Soon-chan, Jeong (2015).

tube

A heavy ion accelerator consists of ① an incident device generating accelerated ions,

■ 

② an accelerator accelerating them to high energy, ③ an RI generator generating
and separating RIs, ④ base apparatus, and ⑤ experiment equipment, etc.
In the “Technology Trends” part of this paper, focusing mainly on the ion

■ 

IF(In-flight Fragmentation)

duc
tivity

Mate
rial

Nb

on Cu
accelerating
tube

* A separate accelerator tube is not used, because it is accelerating by using a cyclotron.
※ QWR: Quaterwave Resonator, HWR: Halfwave Resonator, SSR: Single Spoke Resonator
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now, targets in the form of single disk have mainly been used, but recently, the

utilized with a single superconducting material. However, recently, to cope with

development of target technologies in the form of multiple disks able to withstand

the problem of superconductivity being destroyed when a strong magnetic field

higher incident beam power is in progress.
• To separate target RIs, normal or low-temperature superconducting electromagnets have

or heat is generated, researches and development using superconducting synthetic

been mainly used, but recently, high-temperature superconducting electromagnets

materials have been in progress.

are being developed.
The superconducting accelerator tubes molded with Nb (Niobium) for ion

■ 

acceleration is being used as a global trend, Korea has succeeded in securing a
large-scale superconducting accelerator tube manufacturing technology in the
process of establishing the RAON, and domestic companies are manufacturing the
Nb superconducting accelerator tubes (QWR, HWR) main products.
Technologies for Generating Rare Isotopes (RIs)
1. ISOL
• In

Description

Korea

* Fission rate: number of nuclear fission generated per unit time (second) during nuclear fission

Korea

Canada

Europe

U.S.A.

Japan

IBS/RAON

GSI/FAIR

MSU/FRIB

RIKEN/RIBF

Incident energy
(based on U238)

200 MeV/u

1.5 GeV/u

200 MeV/u

345 MeV/u

Incident beam power

400 kW
(final objective)

38 kW

400 kW

10 kW
(now inoperation),
100 kW (objective)

RI separating
magnets

Normal conduction
bipolar magnet, low/
high-temperature
superconducting
quad-rupole magnet

Normal conduction bipolar magnet, high-temperature superconducting
quadrupole magnet

[Table 4] Comparison of ISOL method in large-scale heavy ion accelerators in domestic and foreign countries

Description

Germany

Institution/
accelerator name

the ISOL method, the development of high integrity targets with high fission rate*

and ion sources with high ionization efficiency has been in progress.
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[Table 5] Comparison of IF method in large-scale heavy ion accelerators in domestic and foreign countries

France
• Using

normal and low-temperature superconducting electromagnets for high-speed

Institution/
accelerator name

IBS/RAON

TRIUMF/ISACII

CERN/HIE-ISOLDE

GANIL/SPIRALII

Incident ion/energy

proton/70 MeV

proton/500 GeV

proton/1–2 GeV

deuteron/40 MeV

this product by acquiring high-temperature superconducting electromagnet

Incident beam power

10 kW

50 kW

13.3 kW

200 kW

manufacturing technology through establishment of the RAON, and it will be installed

Expected divided ratio
[#/s]

~5 × 10

~4 × 10

~10

and operated the IF system for the first time in the world.

Ion source

Surface ion source, plasma ion source, laser ion source

RI separation in IF-type accelerators is a global trend, Korea has been manufacturing

13

~5 × 10

13

13

14

• The development of a new concept of the ISOL target/ion source system that goes beyond

the limitations of the existing ISOL has been developing in European countries.

Trends in Industries

• Selecting and utilizing a suitable ion source among surface, plasma, and laser ion sources along

with target RI characteristics in ISOL-type accelerators is a global trend, Korea has succeeded in
developing surface and laser ion sources, and is developing plasma ion sources.

The construction of large-scale research facilities has high technological barriers

■ 

in entering, and is not linked to direct profit creation, so it is mostly promoted by
the government, and domestic companies have been participating in the process

2. IF (In-Fight Fragmentation)
• In

the IF method, to obtain a high-current RI beam, developing an electromagnetic

separator that separates and withdraws high integrity targets and target RIs in a short
time, is important.

of localization of element technologies and devices to enhance competitiveness in
related industries and technologies.
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Technology
High
frequency
acceleration
technology

Composed devices
Accelera
ting tube

3rd generation

Phase
conduction

Super
conductivity

4th generation

Electr
magnet

Phase
conduction

Super
conductivity

Bitsro Tech
(Korea)
Mitsubishi
(Japan)

Bitsro Tech
(Korea)

RI
(Germany)

-

Bitsro Tech
(Korea)
* Prototype
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science researches, such as astrophysics and nuclear physics, through the discoveries
Proton
accelerator

IHEP (China)
Mitsubishi(Japan)
Toshiba(Japan)

Kumryong Tech
(Korea)
IHEP
(China)

R&D Inspire

■

Heavy ion
accelerator

and the utilization of RIs, but is being used in industries such as energy, medical,
agriculture, and forestry by fusion with the basic research results in various sectors.

Bitsro Tech
(Korea)

• ( Energy)

Physical science researches using heavy ion accelerators are able to be used

in the energy industries, such as secondary and beta batteries.
• (Medical)
Bitsro Tech
(Korea)
RI (Germany)**
* Main product,

Kumryong Tech
(Korea)
Hanmi Techwin
(Korea)
IHEP
(China)

Kumryong Tech
(Korea)
IHEP
(China)

-

Kumryong Tech
(Korea)

Kumryong Tech
(Korea)
Hanmi Techwin
(Korea)
DANFYSIK
(Denmark)

Research results in the sector of life science using heavy ion beam, such as

genomic damage and recovery mechanism and molecular structure analysis, are able
to contribute to the diagnosis and the treatment of various diseases, and the heavy ion
beam itself can be used in disease treatments such as cancer.1

** prototype
Magnet
manufacturing
technology

R&D Inside

Heavy ion accelerators have been basically built and operated for fundamental

[Table 6] Comparison of ISOL method in large-scale heavy ion accelerators in domestic and foreign countries

Pohang Light Source (PLS)

R&D Insight

• ( Agriculture

and forestry) By inducing plant mutations using heavy ion beams and

selecting mutations that meet a specific purpose, it is possible to develop new varieties
and mass-produce specific varieties.
[Table 8] Basic science and industrial sectors using heavy ion accelerators (Example)

JH Engineering
(Korea)
Super Jenix
(Korea)
Tesla (England)

Basic science
sectors

Physical science

Life science

Nuclear physics

Astrophysics

• Researches

for

• Gene and biopolymer

• In searching of new

• Researches on

substance singularity,
etc.

Reference: “Particle Acceleration Technology,” Technology Trends Brief. No.2019-02, KISTEP,

researches
• Researches on
functions of tissues
and organs in a body

by Su-jin, Yoon, Seon-young, Ham, and Sang-kyung, Lee (2019)

nuclides
• In studies for rare
nuclear structure and
reaction

cosmic elements and
supernovae
• Studies on neutron
stars and media

↓

Companies participating in the construction of large-scale research facilities

■ 

have been acquiring and utilizing related element technologies in generating
new technologies and manufacturing products, or expanding the market and

Industrial
sectors

revitalizing related industries, such as starting a business based on their own

Energy

Medical

Agriculture and forestry

Others

• Batteries

of secondary,

• Disease diagnosis and

• Development of new

• Development of new

beta, and solar cells
• Nuclear

power
generation

technologies.

treatments
• Analyzing biological
samples (leukocytes,
etc.)

varieties

materials, such as
aerospace materials
and semiconductors

[Table 7] Comparison of ISOL method in large-scale heavy ion accelerators in domestic and foreign countries

Company name

Contents of entry into other fields

Company name

Contents of entry into other fields

Dawon Sys

Electrochemical and steel plants,
power supply in plasma field

TaesanENG

Plant field, plumbing equipment
field

Donga Hitech

Power supply for plasma in the field of
polymer experiments

Korea Vacuum

Nuclear field, vacuum pump for the
nuclear hospital

Dongjin T.I

High-frequency connectors for
large-sized power supply

Hanmaek Electronics

ECR ion source development in the
field of nuclear fusion

Establishment of a parallel
cluster in the nuclear field

Hyosung

Ascanet

Trend of Policies
Overseas
U.S.A.

■ 

• T
 he Nuclear Science Advisory Committee (NSAC) has established the “Long Range Plan

Converter transformers in nuclear
fusion field

for Nuclear Science (LRP),” and is consistently presenting and updating the framework

Source: “Actual Survey for Revitalization of Nuclear Fusion/Accelerator Industrial Ecosystem,” by Jae-in, Shin and Minhyeok, Kang (2015),
A report for the research project commissioned by the National Rese arch Foundation of Korea

1

pp.18–23, 18tilization of heavy ion accelerators for bio and medical researches ion accelerators 12) Physics and Advanced Technology,

In-gyu, Kim and Woo-yoon, Park (2009).
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for the development of the U.S. nuclear science sector for the next decade.2
※ The U.S. Department of Energy is operating an advisory committee for each sector, establishing mid- to

• G
 ermany:

long-term plans, and the heavy ion accelerator-related information are included in the “mid- and long-term

The heavy ion accelerator FAIR (Facility for Antiproton and Ion Research)

construction project has been started in full-scale from 2012, but several changes

plan for nuclear science.”

have been made against the project plan since then, such as project delays and cost
[Table 8] Large-scale research equipment and facilities proposed in the U.S. “Mid- to Long-term Nuclear Science Plan”

1979

1983

CW Electron
Accelerator

RHIC

1996
Establishment of
next-generation
ISOL facilities

2002
Upgrading RIA and
CEBAF 12GeV

increases.
• F
 rance:

2007

After the project had been approved in 2005, the SPIRAL2 has went through

the preparatory stage and started to be built in full-scale from 2011, and about €266M

Upgrading FRIB
and RHIC

(about 361.5 billion KRW) was spent on construction.6
Japan

■ 

• T
 he

• T
 he

Ministry of Energy (DOE) is supporting advanced R&D of core technologies and

devices in prior of the full-scale construction of large-scale research facilities, and the

and research plans from a scientific viewpoint through the establishment of a “Master

Critical Decision (CD) system recognizing uncertainty based on the degree of maturity

Plan,” and selecting plans having high academic significance and continuously

of design is mandatory in large-scale projects.

presenting and updating them.7

• T
 he

• T
 he

Ministry of Energy (DOE) is capitalizing experiences and data accumulated in

Ministry of Education, Culture, Sports, Science and Technology has established a

the construction processes by collecting all the project CD data from the Office of

“Roadmap” determining priorities in terms of budget allocation based on the Master

Project Management, by evaluating the construction process every year, and selecting

Plan announced by the Japanese Academy of Sciences, and updating it.8
※ Years of a roadmap established: 2010, 2012, 2014, 2017, and 2020

excellent projects.
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Science Council of Japan (SCJ) is examining and evaluating for large-scale facilities

• J apan

• T
 he Heavy Ion Accelerator FRIB (Facility for Rare Isotope Beams) construction project is

is investing in the maintenance and sharing of large-scale research facilities

being found to be progressing stably without changing the project plan by supporting

through the “Promoting the maintenance and utilization of world-class research

and applying the CD system to the preceding R&Ds.

facilities” project*, recent supports are being found to be focused on photon beam
accelerators and supercomputers rather than heavy ion accelerators.9

■ 

※ Recent supports (2018–2020): ① Maintenance and sharing of high-tech large-scale research facilities (large-

European Countries
• T
 he

scale photon beam facility SPring-8, X-ray free electron laser SACLA, high-intensity quantum accelerator

European Strategy Forum on Research Infrastructure (ESFRI) at the pan-European

facility J-PARC, supercomputer “Kyoto” and innovative high-performance computing infrastructure (HPCI)
operation), ② Development of post supercomputer the “Kyoto,” ③ Promotion for establishing the next-

level is consistently presenting and updating the plans for the research infrastructures to

generation photon beam acelerator facility construction through public-private partnership.

be constructed and upgraded in Europe for the next decade through the establishment
of the “ESFRI Roadmap”.3
• T
 he

Korea

Nuclear Physics European Collaboration Committee (NuPECC) has established a

Unlike overseas cases, no mid- to long- term plan or roadmap for large research

■ 

“Long Range Plan in Nuclear Physics (LRP)” to conduct researches in European nuclear

facilities that are continuously managed and updated has been established,

physics and research facilities for the next decade and after, and recommendations are

but only a one-time survey on the needs of research sites was conducted when

being presented and updated through it.4

establishing the “National Large Research Facilities Roadmap (NFRM).”

• T
 he EU has planned to build EURISOL (European ISOL), a next-generation ISOL facility in the

mid- to longterm, and in this regard, the EURISOL-DF initiative has been started in 2014.5
• I n

addition to pan-European mid- to longterm plans, each European country, such as

France and Germany, is establishing its own roadmaps for research infrastructures.

5

“homepage,” EURISOL.

6

“Spiralling into the femtoscale,” CERN COURIER (2020.11.10.); “Inauguration de Spiral2 au Ganil,” CEA/CNRS (2016); “Administrative
authorization for the commissioning of SPIRAL2 facility at GANIL,” ANIL (2019.7.11.). News & Highlights.

7

“Master Plans,” Science Council of Japan (SCJ) (2010·2014·2017·2020).

2

“A Long Range Plan”, DOE/NSF NSAC(1979·1983·1989·1996·2002·2007·2015a·2015b).

8

“Roadmaps,” Ministry of Education, Culture, Sports, Science and Technology of Japan (2010·2012·2014·2017·2020b).

3

“Roadmap”, ESFRI (2006·2008·2010·2016·2018).

9

(2010·2012·2014·2017·2020b), Ministry of Education, Culture, Sports, Science and Technology of Japan (2018·2019·2020a).
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Investment Trends in R&D

feasibility study, along with whether to proceed the construction project for
large-scale research facility at the conceptual design stage where the design is not

■

matured.

 Total of 1.5183 trillion KRW* for 11 years (2011–2021) for construction of the
RAON facility and devices, and 12.5 billion KRW for 2 years (2020–2021) for
operation, have been provided, and a large-scale budget carryover has been taken

■

The government has recently established the “Project Promotion Improvement

place in the process of building devices.

Plan for the Substantialization of Large-scale Research Facility Construction”

* Settlement of expenses from 2011 to 2020, and budget for 2021

(April 2021, the Ministry of Science and ICT). Through this plan, the points for
improvement to reflect the uncertainty of the R&D and design immature stage,

[Figure 5] Investment amount for construction of heavy ion accelerator (2011–2021)

and measures for systematic management and experience accumulation of data

■ Devices

Hundred Million KRW

■ Facilities

3,044

3,000

25

2,400

2,500

[Figure 4] Standard implementation procedures and review steps for large-scale research facility construction projects

2,000

Planning
Project planning
/concept design

Design
Start project/
basic Planning

Construction
Basic
design

Detail
design

Construc
tion

Design adequacy review

200

Review of
implementation
procedures
and stages

Planning
consulting

Preliminary
feasibility study/
review of project
plan suitability

Increase less
than 15%
Consultation on
adjustment of
total project cost

Increase
more than 15%

1,000
500

Trial operation/
completion

-

1,321
1,000

644
644

92
600

’11~ ’13

’14

Design change
feasibility review
(when the project changed)

Re-preliminary
feasibility Study/
re-review of
project plan
suitability

1,400

987

1,951

1,843

1,692

1,500
Main step

■ Land purchasing ■ Operating

3,500

generated during the construction process, have been suggested.

800

1,465
371

1,900
1,651

2,032

594

43
400

21
500

500

300

500

’15

’16

’17

’18

’19

949
100
52
797

’20

’21

References: “Budget Request for International Science Business Belt Creation Project”;
Ministry of Science and Technology Information and Communication (2021c),
“Large-scale Accelerator Long-term Roadmap and Operation strategy”; Ministry of Science and ICT (2020b∙2021b),
“The Basic Science Research Institute Budget Request for 2022”, Ministry of Science and ICT (2020a)

[Figure 6] Budget carried forward in heavy ion accelerator device construction project (2011–2019)
Project plan change

■ Carry forward the previous year

Hundred Million KRW

Reference: “Measures to Improve Project Promotion for Substantialization of Large-scale Research Facility

1,800

Construction”, Ministry of Science and Technology Information and Communication (2021a)

1,500
1,199

1,200

1,328

■ Budget for current year

1,379
1,179

880

900
644

600

394

367

’12.06.~ ’13.04.

’13.05.~ ’14.05.

300
42
0
’11.12.~ ’12.06.

’14.06.~ ’15.04.

’15.05.~ ’15.12.

’16.01.~ ’16.12.

’17.01.~ ’17.12.

’18.01.~ ’18.12.

’19.01.~ ’19.12.

References: “Budget Request for International Science Business Belt Creation Project”;
Ministry of Science and Technology Information and Communication (2021c),
“Large-scale Accelerator Long-term Roadmap and Operation strategy”; Ministry of Science and ICT (2020b∙2021b),
“The Basic Science Research Institute Budget Request for 2022”, Ministry of Science and ICT (2020a)

■

 The initial objective in 2011 was to complete the heavy ion accelerator, including
three accelerators (SCL1, SCL2, and SCL3) in 2017, but the completion time,
construction scope, and project cost have been adjusted several times since then.
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[Table 9] History of plan changes for heavy ion accelerators construction project
Year changed
Description
Project duration

Project
expenses

• F
 or

2011
(Initial)
2011–2017

2013

2015

2019

2021

2011–2019

2011–2021

2011–2021

2011–2021
(1st stage)

Device
construction

456 billion
KRW

456 billion
KRW

460.2 billion
KRW

502.8 billion
KRW

522.8 billion
KRW *

Facility
construction

170.4 billion
KRW

170.4 billion
KRW

984.3 billion
KRW **

952.3 billion
KRW **

952.3 billion
KRW **

Subtotal

626.4 billion
KRW

626.4 billion
KRW

1.4445 trillion
KRW

1.455 trillion
KRW

1.5183 trillion
KRW

SCL2, SCL3

SCL3

Accelerator construction plan

High-energy (SCL2), Low-energy (SCL3)

at the national level to derive a pool of candidates to support the preceding R&Ds
that both the officials and nonrelated parties can understand, and to prepare official
support tracks for preceding R&Ds such as MIE in the United States.
For the strategic establishment and consistent management for large-scale research

■

facilities, mid- to long- term roadmaps of national level are required to reflect the
needs of research sites.
• A
 s

mid- to long- term plan and roadmaps of the national level are plans for the

next decade or more, they should be consistently and periodically revised along with
changes in internal and external environments, and the opinions of consumers and

* An increase of 20 billion KRW in labor costs due to the conversion of nonregular workers to regular workers.

beneficiaries of the research sites should be reflected at the time of revision.

** Adjusted in detail for reflecting changes in prices, etc.
※ References: “Basic Plan for International Science Business Belt (2012–2017),” Ministry of Education, Science and Technology (2011);

• D
 eriving candidates for construction of large research facilities are required by confirming

“Changed the basic plan of the International Science Business Belt,” Ministry of Science, ICT and Future Planning (2013–2015), “2018

the demand of research sites for the construction through academic societies and

Business Plan Adequacy Review Report: Heavy Ion Accelerator Device Construction Project,” Korea Institute of Science and Technology
Planning and Evaluation, Sang-yeop, Lee and Hyeong-wook, Bang (2019); “A Study on Mid- to Long-Term Support Strategies by Type of

related institutions, as well as preparing a system to periodically establish and update

Basic Research,” Korea Institute of Science and Technology; Planning and Evaluation, Sujin, Yoon, Seon-young, Ham, Seon-gyong, Yun,

mid- to longterm roadmaps by reviewing priorities in comprehensive and scientific

and Mirim, Son (2020); “A Study on Mid- to Long-Term Support Strategies by Type of Basic Research,” Korea Institute of Science and
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this objective, it is necessary to establish and manage mid- to long- term plans

perspectives through the “Large Research Facility Special Committee (tentative name).”

Technology Planning and Evaluation.

■

It is expected that a large budget will be required for the operation of the low-

It is necessary to consider the introduction of differentiated reviews and procedures

■

energy section (2022~), the preceding R&D (2022–2023), and construction (2024~)

based on the total project cost for the large-scale research facility construction

of the high-energy accelerator.

project.
• D
 espite

the scale is wide for large-scale research facility construction projects ranging

from tens of billions to trillions of KRW, in Korea, the same procedure for preliminary
feasibility study is applied to all construction projects having a total project cost of 50
billion KRW and national support of 30 billion KRW or more.

Policy Suggestions
■

• T
 he

for large-scale projects, differentiated reviews are conducted based on the size, such

For stable implementation of large-scale research facility construction projects,

as granting CD approval rights to higher-ranking officials.

prior R&D supporting for core devices and technologies having high development

• K
 orea

risk is required, in prior of full-scale construction.
• I n

feasibility study for a large-scale project, differentiated reviews and procedures are
being prepared for large-scale construction projects, such as reviewing the scope of

uncertainty in the R&D and design immature stages for core devices and technologies,

the budget rather than the finalized budget or setting the preliminary feasibility study

but measures for reducing proactively risks of R&Ds have not been presented.

period for a long period of time.

order for fundamentally reducing risks of large-scale research facility construction

projects resulted from R&Ds, supporting the preceding R&Ds is required, when
necessary, prior to implementation of full-scale construction projects, as in the case of
DOE in the United States.

also, when conducting a preliminary feasibility study, the final decision maker

is determined differently based on the project size. Thus, in the case of preliminary

the recently announced improvement plan, the project plan changes procedure

has been suggested to formalize the design stage review results by identifying the

• I n

DOE of U.S. is classifying projects based on the size of the total project cost, and

It is necessary to track the effects that directly or indirectly contributed to Korea’s

■

industrial growth by utilizing the technology secured by companies with improved
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Innovative Technology
for the Next Decade

possibility of maintaining the capability and expandability in the future of participating
companies.
• I t is necessary to monitor, in the process of localizing core devices and technologies led

by the government, how much scientific and economic ripple effects are being created
by companies having improved technological capabilities through utilization of the
acquired technologies, and to use it as a reference data for publicity and planning for

Seok-Ho Son, KISTEP

a new large-scale research facility construction project in the future.
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Background
 McKinsey & Company has recently published a report titled “The top trends in

■

tech,” stating the development trends after selecting core technologies, which
will have a significant impact on changes in the society over the next decade (June
24, 2021).
• It


analyzed and presented 10 major* sectors of technology trends, development

prospects, and ripple effects.
*①
 Next-level process automation and virtualization, ② future of connectivity, ③ distributed infrastructure,
④ next-generation computing, ⑤ applied artificial intelligence (AI), ⑥ future of programming, ⑦ trust
architecture, ⑧ Bio Revolution, ⑨ nanomaterials, and ⑩ future of clean technologies

Analysis of technology trends and ripple effects in 10 fields
 To select core technologies with high ripple effect on the futuresociety, 40

■

technologies have been prioritized through evaluation.
• Criteria,

such as technical maturity, industrial applicability, and technology development

momentum, have been utilized.
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[Figure 1] Evaluation results of future technology priority
Category

Technical maturity
Industry
applicability
Cross-cutting
technologies

Fundamental research

Market-entry stage

Industry adoption
■ Focus technologies

Quantum hardware

Augmented analytics

Zero-trust security/cybersecurity

Knowledge graphs

Quantum computing

Cloud computing

High momentum

Deep learning

Supervised classical machine learning

Medium momentum

Computer vision

◯ Prioritization dimensions

Explainable AI

5G/connectivity

Robots/cobots /RPA

Edge computing

Synthetic data

Neuromorphic hardware

Reinforcement
learning

Autonomous things

Hyperscale data centers

Software 2.0/
engineering analytics

Vertical SaaS apps

Open Process
Automation
systems

Digital twins
Blockchain

Niche

RPA

Biomachines

Cyberphysical systems

Biomolecules/-omics

Generative methods

Nanomaterials

Battery/battery storage

3-D/4-D printing
Industrial loT

VR, AR, MR

Ripple effect

Carbon-neutral energy generation

 The results of prioritization have been arranged into 10 sectors and presented with

① Nextgeneration
process
automation
and
virtualization

② Future of
connectivity

· 5G
· IoT connection

-T
 he world’s population
that utilizes 5G to reach
80% by 2030

- High-speed connections over long and short distances will be
possible, accelerating the emergence of new services such as
remote surgery and live VR, creating various online connected
business models.

③ Distributed
infrastructure

· Cloud computing
· Edge computing

- By 2025, more than 75% of
enterprise-generated data
will be processed by cloud
or edge computing

- By replacing the demand for server and IT infrastructure
construction and operation in the organization with cloud
computing, the utilization of related personnel to strengthen
competitiveness, such as S/W development, etc., will be possible.

Fields of
interindustry
linkage

④ Nextgeneration
computing

· Quantum computing - By 2035, the quantum
· Neuromorphic
computing value is
computing
expected to exceed $1
trillion

- High-performance computational capabilities, such as molecularlevel simulation, will lead to innovation across industries such
as materials, chemicals, and pharmaceuticals, and in particular,
promote the development of personalized products/services.
- Moreover, the potential for destroying most cryptographic
security algorithms will be possible to expose the limits of the
present cybersecurity approaches.

⑤ Applied AI

· Computer vision
· Natural language
processing
· Speech skills

- By 2050, more than
75% of digital services
will be transferred in
more personalized and
convenient forms, such as
voice assistants

- With the maturity of AI, labor related to repetitive tasks, such
as document arrangement and simple writing, will be quickly
replaced and developed to support specialized service personnel,
such as telemedicine and advanced engineering.

⑥ Future of
programming

· Software 2.0

- By 2050, software
development and analysis
time will be reduced up to
30 times or more

-T
 he complexity of software development will increase efficiencies,
but the demand for data management, analysis, and related
infrastructure to maximize these benefits will be further increased.

⑥ Trust
architecture

· Trust security up
to zero
· Blockchain

- By 2027, up to 10% of
lobal GDP will be linked to
blockchain

- Through technology such as block chain, trust-based business
activities between companies and individuals will be expanded
without intermediaries, but various attempts will likely be made
by the government to regularize, supervise, and reduce cost.s.

⑦ Bio
Revolution

· Biomolecules/omics/ - Achieving the same result
biosystems
at 1/45 of the cost of
· Bio machine/
sequencing the human
Biocompu-ting/
genome in the past
Augmentation
decade

- The 'omics' is expected to lead innovation in fields, such as rapid
vaccine development, personalized medicine, and gene therapy,
by enabling the rapid analysis of genetic material.
- Computing technology using biological materials such as DNA
will greatly improve the scalability of data storage capacity.

⑧
Nanomaterials

· Nanomaterials
·G
 raphene and 2D
materials
· Molybdenum
disulfide
nanoparticles

- By 2050, 10 times the
number of patents
registered from 2008 to
2018 will be generated

-M
 aterial innovation will accelerate company restructuring by
changing the economic feasibility of various products and
services, such as sustainable materials and renewable energy
source materials.

⑨ Future
of clean
technologies

· Nuclear fusion
- Smart distribution/
measurement
· Battery/battery
storage
· Carbon neutral
energy

- By 2050, more than 75% of
total energy consumption
will be produced by
renewable energy

- Securing the economic feasibility of clean technology will have a
significant impact on existing business models.
- The development and application of new laws and regulations
related to climate changes affecting the balance sheet of carbon
emissions will also be facilitated.

related fundamental technologies, future development prospects, ripple effects,
and expected major issues, for each sector.
• The
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10 sectors have been further divided into 7 cross-industry utilization sectors and

3 industry-specific sectors.
■

 Analysis result for fundamental technologies, ripple effects, and major issues in
10 sectors

■

Major issues expected

- Human resource replacement by self-learning and active robots
is expected to accelerate the reorganization of the work force.
Companies will face the problem of reorganization of existing
human resource, and policy makers will deal with creating jobs.
- Advanced simulation and 3D/4D printing will shorten the life cycle
and development cycle of products and services, which will affect
new profit-generating strategies and business operations.

Smart distribution/metering

Smart spaces

■

Fundamental technology

· Industrial IoT
- 50% of current
· Robot/Collaborative
production/job activities
Robot/RPA (Robotic
will be automated or
Process Automation)
processed in virtual reality
· Digital Twins
(VR) by 2025
· 3D/4D printing

Low momentum

Speech technology and NLP

Multiple
industries or
horizontals

Sector

 The development of future technologies will greatly contribute toward innovation
in all industries, but the degree of its influence is expected to vary widely.
• For

example, the development of next-generation process automation and virtualization-

related technologies is expected to have a great impact on almost all industries, such
as transportation and logistics, autonomous driving, chemical, electrical and electronic,
and information and communications.
• In


the case of nanomaterials, it is expected that the impact will be particularly high in

the high-tech industries, electrical and electronic sectors, among the sectors related
to the fourth industrial revolution.

Unique
Charac
teristics
Industry
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active use of trade barriers.

[Figure 2] Evaluation results of the impact of future technologies by industry

- Along with the expansion of innovative and challenging R&D, Korea requires a
Healthcare Sector

Phar
maceutical

Health

Mobility Sector
Trans
portation
and
Logistics

Autonomous
driving

Fourth Industrial Revolution Sector

High-tech
Industry

Chemical

Electrical
and
Electronic

Infrastructure

Information

strategic approach to establish itself as a global leader in the process of forming an

Communi
cation

international order in related industries.

1

Next-generation process
automation/virtualization

9

Nanomaterials

5

Applied AI

10

Future of clean
technologies

2

Future of connectivity

8

Bio Revolution

4

Next-generation
computing

7

Trust architecture

such as next-generation digital and advanced medical care.

3

Distributed
infrastructure

※ Example) It is necessary to strengthen the analysis of economic, industrial, and social changes in the “Science

6

Future of programming

degree of effect

■ High ■ Middle ■ Low
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 Strategic implementation of science and technology innovation policies is

■

required, considering the future economic and industrial environment changes
coming from the acceleration of the fourth industrial revolution promoted by the
COVID-19 pandemic.
- Plans are required to establish strategies to identify and prepare for various economic
and social issues that may occur from national, regional, and generational gaps
depending on the ability in the acquisition and utilization of innovative technologies,

and Technology Master Plan,” which will have the national vision and objectives in science and technology in
the future and to develop it into a strategy paper focusing on discovering future problems and suggesting
solutions.

209
Implications
 As seen from past experiences, the preoccupation of future technologies will

■

provide opportunities for innovation and monopoly growth in related industries.
※ (Example) Companies that have succeeded in innovation based on IT technology since 2000 are occupying
more than 25% of the total corporate value included in the US S&P 500 (less than 10% in 2000)

- In other words, future science and technology innovation policies are required to
focus on R&D promotion for preoccupation in future technologies and to expand
investment that can take on high risks from innovative challenges.
 Most of the fundamental technologies in the 10 sectors are related to healthcare,

■

next- generation mobility, digital transformation, and eco-friendly sustainable
growth.
※ (Example) The Biden government of USA: planning to have electric vehicles account for 50% of new car demand
in the US by 2030, China: electric vehicles account for 13% already of the new car demand in China by 2021
(China Passenger Car Association), EU: actively reviewing measures to apply a carbon border tax from 2023.

- In addition to R&D competition to secure technological superiority, all the involved
countries and companies are entering an all-round competition, such as establishing
legal and institutional mechanisms and occupying a superior position through the
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Cultural Heritage Conservation Science Revealing Past Secrets
Science and Literature: Born as Letters
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Cultural Heritage
Conservation Science
Revealing Past Secrets
Laboratory of Conservation Science, National Research Institute of Cultural Heritage

Minseok Seo, Art & Science Researcher
Ph.D. in Dept. of Microbiology, Chung-Ang University
Ancient human skeleton DNA analysis study,
Organic matter analysis and biological damage prevention study,
National designation and coloring cultural heritage analysis study

Seeing the Past through Science

have not experienced firsthand. Thus, we need proof that can support a hypothesis, and
scientific investigations and analyses must be carried out to acquire accurate and reliable
information. In addition, cultural heritage as made and used by ancient people helps us

212

Rather than KISTEP predicts the future course of scientific technology with statistic data

understand the history of the past with the touch of science. Such a research area is called

and technology trends, there is a case in which past history and culture are revealed

“cultural heritage conservation science,” and the Laboratory of Conservation Science at

through modern scientific technology. Because an accurate investigation and analysis of

the National Research Institute of Cultural Heritage has been recording phenomena and

the present are required to predict the virtual times of the future, it is inevitable that

performing conservation environment and material analyses to convert and restore large

there is as much speculation and inference as curiosity concerning the past that we

Buddhist paintings.
Large Buddhist paintings are paintings created for large-scale Buddhist rituals such as
Yeongsanjae (the celebration of Buddha’s sermon on Vulture Peak Mountain) and Suryukjae
(a water-and-land ceremony), which are performed outdoors. Comprising blend of a usual
grand size of over 10 meters, splendid colors, and magnificent religious observances, these
paintings are Korea’s unique cultural heritage; a similar example would be difficult to find
elsewhere in the world. However, given their considerable weight and size, the paintings
are difficult to move and to investigate with a small number of people. Consequently,
the paintings have become a blind spot for conservation management, with no precise
investigations taking place. To safely conserve and manage large Buddhist paintings, the
National Research Institute of Cultural Heritage has had the plan since 2015 to investigate
68 pieces over the past decade and has completed detailed investigations for a total of
33 large Buddhist paintings in the past 5 years. Thus, the “Buddhist Banner Painting of
Beopjusa Temple, Gunwi,” “Buddhist Banner Painting of Vairocana Buddha of Daeryeonsa
Temple, Yesan,” and “Buddhist Banner Painting of Namjangsa Temple, Sangju (The
Vulture Peak Assembly),” which were not previously designated cultural heritage, became
designated as treasures; in addition, errors in their sizes, which had been measured at the
time of the designation, were corrected through a precise survey.
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incorporated. Further, another feature that also broadens the research
scope of the precise investigation is the new addition of the results of

Part of the National Treasure Buddhist Painting of

the analysis on the iron feldspar used in the wooden chest. Moreover,

Five Assemblies of Chiljangsa Temple. The precise

novel methods of creating Buddhist paintings, which had been previously

investigation confirmed that this is the only one

unidentified, were ascertained. The “Buddhist Painting of Five Assemblies

among existing Buddhist paintings to use a back

of Chiljangsa Temple” is a representative one; the investigation found that

painting technique for the background colors and is

its background was processed with a “back painting technique (a painting

applied with gold leaf and gilt.

technique of coloring the backside of the paper to let a sense of subtlety
transude to the front)” and that the painting was partially colored with gold

In a precise investigation of large Buddhist paintings,

leaf and gilt. It was also discovered that the thin silk “cho*”was woven and

an analysis of pigment types using X-ray equipment,

enlarged compared to the width of general traditional fabric and that the

a dye analysis using ultraviolet (UV) and visible

painting was painted on it. Cultural heritage and conservation science have

rays, a confirmation of underlines and ink prints via

now become so universalized that it would not be an overstatement to say

infrared investigation, a deterioration condition

that the two are inseparable. This change breaks the framework of previous

analysis and deterioration mapmaking, and other

research centering on the humanities and suggests fresh interpretations.

scientific investigations and recording operations
are performed. Through this investigation, the past

Precise investigations on large Buddhist paintings will continue in the future

Assemblies of Chiljangsa Temple.

conservation processing material that is undetectable

as well, and we plan to investigate 35 more large Buddhist paintings in

The precise investigation confirmed that this is the only one

by the human eye has currently been confirmed in

the remaining 5-year period of the project (by 2024). This year, we are

among existing Buddhist paintings to use a back painting

the face, etc., of Shakyamuni Buddha in the national

investigating seven pieces: △Trikaya Buddhist Painting of Gapsa Temple

treasure, the “Buddhist Painting of Cheonggoksa

(national treasure), △Buddhist Painting of Geumdangsa Temple (national

Temple (The Vulture Peak Assembly).” Furthermore,

treasure), △Buddhist Painting of Yulgoksa Temple (national treasure),

the investigation has identified the pigment of the

△Buddhist Painting of Unheungsa Temple and Chest (national treasure),

earliest period (1705) among the blue pigments found

△Triad Buddhist Painting of Yongheungsa Temple (national treasure),

thus far in large Buddhist paintings in the blue pigment

△Buddhist Painting of Anguksa Temple (The Vulture Peak Assembly)

of the treasure, the “Buddhist Painting of Yongmunsa

(national treasure), and △Biroojana Triyaka Buddhist Banner Painting of

Temple, Yecheon (The Vulture Peak Assembly).” Apart

Heungcheongsa Temple as well as the Buddhist Painting Case (tangible

from this, a full-fledged investigation was conducted

cultural heritage of Seoul City). The greatest anticipated impact of this

for the mold and bacteria inhabiting large Buddhist

scientific investigation lies in the archive. Similar to how big data has been

paintings and storage cases.

utilized recently across various industries to provide friendly services that

Part of the National Treasure Buddhist Painting of Five
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technique for the background colors and is applied with gold
leaf and gilt.

meet the needs of consumers, data from such investigations and analyses
Example of a gilding method in the Buddhist Painting

In total, 202 microbes were successfully cultured, and

have accumulated for years. Namely, the data accumulated from scientific

of Okcheonsa Temple, Goseong.

potentially harmful agents in large Buddhist paintings

investigations on large Buddhist temples will be incorporated into big data

were identified, securing an important material as a

(a massive information system). This is expected to be useful across diverse

reference for conservation management that will be

academic disciplines and provide a critical resource for uncovering the past

proceeding in the future. In addition, the findings

and connecting with the future.

This had not been found in Buddhist paintings of 17th–18th
centuries thus far but has been confirmed through this
investigation.

concerning the coloring material analysis data and
background

fabric,

including

the

interpretation

of blue and black organic colorants applied with
a UV-visible ray reflectance spectrometry, were

* cho: plain silk fabric woven with a thin thread of a relatively uniform thickness, reeled from
cocoons. The fabric is thin and transparent when not woven so finely. In addition to serving as
attire, this fabric was used as the background material for paintings in the Goryeo and Chosun
Dynasties.
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Newton’s Atelier

Letter Landscape

Science and
Literature:
Born as Letters

KISTEP News

Yoo Ji-won
Head of the Research Center for
Writing Culture Typography researcher

Brief Introduction
I am the Head of the Research Center for Writing Culture, a
graphic designer, a typography researcher, and a writer who
loves books and letters. At present, I am engaged in activities
that cross the boundaries of various disciplines such as writing,
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design, research, and education. Regarding my independent
writing, I have published “Letter Landscape”; in terms of coauthorship, “Newton’s Atelier” has been published with physicist
Professor Kim Sang-wook. In addition to writing, the area that
I have been focusing most closely on is research on cultivating
a “writing environment” for preschoolers and first graders of
elementary schools who are in the stage of acquiring knowledge
about alphabet on the basis of the physical development of
children. I am currently collaborating with the laboratory of
Professor Lee Ki-Kwang, an expert in kinematics.

Dealing with Letters
I enjoy reading texts and looking at and creating images; naturally,
I became interested in letters as letters are an intersection of
both text and image. Letters have meaning, sound, and shape,
all of which are interrelated. I am interested in all these factors;
however, in particular, typographers deal with the “shape.” The
difference between typography and calligraphy is that calligraphy
involves handwritten letters, whereas typography entails type
“Units and Sequence: East Asian Mathematics and Everyday Space” (2014):
a work exploring East Asian mathematics in the exhibition The Matrix: Mathematics, Longing, and Abyss to Purity.

and digital fonts that are reproduced and mass-produced by
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machines. As letters, typefaces, and fonts are considerably influenced by
each other, it can be said that typography deals with letters as a whole
in a broad sense.

Various Fields Surrounding Design and Typography
Typographers’ letters are “beautiful and functional letters that are
mass-produced by machines for an unspecified number of people.”
Typography is related to sociology, business administration, and
statistics because it is aimed at an unspecified majority; it is also related
to engineering because it is created with a computer or digital device.
The shape of the letters is the “visible speaking tone.” The sentiment
and nuance of sentences with the same meaning change depending
on the font that is selected, applied, and arranged. It also makes the
sentence carry rich nonverbal messages. Thus, typography is related to
psychology, humanities, and neuroscience as it is ultimately concerned

Body design of Jean Baudrillard's Why Hasn’t Everything Already Disappeared?

with the human mind, communication, and mood.

A Typographer Inspired by Mathematics and Science
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The field of design is largely divided into industrial and visual design.
Industrial design considers products or three-dimensional objects in real
space; visual design rearranges factors that already exist in virtual space,
such as paper and screens, to create meaning and communication in a
new manner. Typography belongs to the field of visual design. Among
visual designers, there are experts who can appeal to the senses of the
eye, as the name suggests, and experts who are interested in establishing

German fonts (Kurrent, 1900s)

Sütterlin "school course fonts," simplified from

Sütterlin Latin fonts

German fonts (1914)

an abstract system and order behind the visible, such as mathematics or
natural science. I belong to the latter category: I have a strong inventorlike tendency to solve problems by carefully examining the convenience
of people who use letters. Mathematicians, chemists, physicians, and
engineers are commonly inspired by principles grasped from nature,
which is why I constantly search for and read their books and papers.
Consider the design of Minumsa’s “Complete Collection of Shakespeare”
as an example. When dividing a book cover on a rectangular plane in an

School course fonts, SAS, 1968

Simplified course fonts, VA, 1972

Latin-like fonts, LA, 1953

Basic fonts (Grundschrift), 2011

orderly manner, vertical and horizontal lines are primarily used. I was
interested in evenly dividing space into shapes with angles other than 90
degrees or its multiples, so I came across molecular bonds in chemistry
Book design of Minumsa’s

as well as the tiling of physicist Roger Penrose and others.

The Complete Collection of

After understanding this principle, I made it into a grid, applied it,

Shakespeare

Comparing the top and bottom of “school course fonts” for elementary school textbooks in Germany (the below four types), you
can see that the bottom is far simpler and easier to follow, taking children into consideration.
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extracted shapes from it, and made the design. The grid in the background
abstractly expresses the diverse forms and figures in Shakespeare’s
works; the shapes express the nature and behavior of the characters.
When designing Why Hasn't Everything Already Disappeared? by Jean
Baudrillard, I put the main text on the right and the “drawing plate” that
coded the text of the Korean translation on the left in hexadecimal. I
attempted to reflect Jean Baudrillard’s intentions, posing the question of
which one is real and which is virtual. The design was inspired by several
sentences in the book, including the following: “With a program based
A sample of the current children’s

on the binary system of zeros and ones, a kind of integral, all symbolic

Korean writing education typeface

expressions of language and thought disappear.”
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T-Letter Type Person
Although you might think that digging deep requires concentration, you
sometimes have to dig wide from the start before you can really dig
deep. Recently, a story is emerging about going beyond being a type-T
person to become a type-TT person. This means, in other words, that
one must have two or more areas of expertise. Although this was not
my case, I believe I started as a type-T person and was naturally led to
spread my arms wide to deepen the roots of my expertise.

A Study on Children’s Handwriting as an Example of the
Science in Letters
A child’s handwriting in third grade

In addition to writing and design, I am concentrating on the research
at the Writing Culture Research Institute. It was mentioned earlier that
design aims for an unspecified majority, but I am interested in design
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that embraces the body and situation of “specific weak and minorities”
so as not to alienate them. For this purpose, we are working hard in
researching letters for children. There are few studies on “reading” and
“viewing” for children and the elderly, but research on “writing” is rare.
Despite more and more people writing documents by typing rather than
writing, it is necessary to practice writing by hand in the first stage of
learning characters. Writing is a complex combination of “the geometry
of space,” “the kinematics of the body,” and “the physics of tools.” We
are conducting research that considers all these three aspects and trying
to put it into practice by creating notebooks and a typeface writing
project for children. Taking the second “kinesiology of the body” as an
example, the current typeface that Korean children must follow to learn
to write is too difficult for the small body, weak grip, and immature fine
motor control ability of children. Most children pass this phase safely,
but 8%–14% of children miss the golden time to acquire alphabet
knowledge and have a hard time adjusting to school and society. In
Germany, an intermediate-level, easy-to-follow typeface for children
before the transition to adult handwriting was applied to elementary
school textbooks, and research in collaboration with typography and
pedagogy experts has continued throughout the 20th century. Our
society should ask whether we are sufficiently considering the situation
of children from their perspective.
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KISTEP
News
Public Hearing on the 4th Basic Plan for
Human Resources in S&T 2021-2025
KISTEP Think 2021 Online Forum
The 22nd Anniversary of KISTEP
2021 National R&D Project Joint-Ministry Presentation
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MOU signed between KISTEP-National Library of Korea
KISTEP Participated in Money Today Global Conference
K.E.Y. PLATFORM 2021
The 1st Science and Technology Diplomacy Forum
The 3rd National Innovation System Policy Colloquium
The 13th KISTEP-ISTIC S&T Innovation Training Program
for High Level Policy Makers
The 4th National Innovation System Policy Colloquium
MOU signed between KISTEP, KIRD, CIAST and Dankook Univ
The 2nd Science and Technology Diplomacy Forum
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On November 18th, Ministry of Science and ICT (MSIT) and

Director General Soon-cheon Byun (KISTEP) gave a presentation and the

Korea Institute of S&T Evaluation and Planning (KISTEP) held an

following session was a panel discussion. Its participants were as follows:

online&offline public hearing on the 4th Basic Plan for Human

(Host)Professor Myeong-sook Oh (Hongik University), Director Teak-ryeol

Resources in S&T 2021-2025.

Jung (MSIT), Professor Jun-mo Ahn (Sogang University), Director Hee-sook

KISTEP News

R&D Infographic

Yoon (Korea Institute of Materials & Science, KIMS), Mr. Kye-hyeon Park (GE
The 4th Basic Plan for Human Resources in S&T 2021-2025 is the
5-year pan-government plan for suggesting the direction and
vision of human resources in S&T policy, and the purpose of this
public hearing has 2 main points: to announce the main contents
of plan and to gather opinions from the public and experts. It
was streaming online on MSIT's Youtube following the COVID-19
guideline.

Power Korea Company), Mr. Yong-wan Lee (The Chosunilbo).
Director General Byun (KISTEP) explained the main contents of the 4th
Basic Plan for HRST, containing the importance of fundamental skills,
and increasing demands of lifelong education, and building a specialized
foundation for social diversity and a lack of human resources.
Next, he mainly indicated 2 current problems: a decline in mathematics and
science and the insufficient supply of postgraduate degrees. Furthermore,

This the 4th Basic Plan will gather the opinions from relevant

he suggested the strategy for fostering human resources, containing the

departments on December, and it will be resolved to National

contents of creating the environment for young researchers, and developing

Research Council of Science & Technology (NST) on January, 2021.

expertise in S&T, etc. In the following panel discussion, Professor Myeong-

Director General Hong-Taek Yong (MSIT) delivered an opening
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remark emphasizing the importance of human resources in S&T.

sook Oh (Hongik University) hosted it, and its topic was an education plan
for future generation.

In addition, President Sang-seon Kim (KISTEP) stressed the role of

Director Teak-ryeol Jung (MSIT) emphasized the importance of STI capacity

S&T in a Pax Technica.

of Korea to stay agile in a fast-changing world, and suggested solutions like
supporting researchers, providing a digital education, etc.
Professor Jun-mo Ahn (Sogang University) suggested that the best strategy
for digital transformation has to focus on mathematics and science education
for building a solid foundation. He also pointed out interdisciplinary
cooperation ability as critical for preparing industry convergence.
Director Hee-sook Yoon (KIMS) emphasized 2 points relating basic factors
: building up researchers’ physical strength, and the financial aspect of
research such as research funding,
Ms. Kye-hyeon Park (GE Power Korea Company) explained the importance
of building not only a solid foundation but also problem-solving skills.
In addition, she emphasized the industry-academia cooperation and an
effective policy as well.
Mr. Yong-wan Lee (The Chosunilbo) mainly emphasized the importance
of improving a research environment for Post-docs such as establishing
institutes in universities, expanding a scale of block funding, and inviting
international scholars.
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On December 10th, Korea Institute of S&T Evaluation and
Planning (KISTEP) held an online forum named ‘KISTEP Think
2021’, supported by Ministry of Science and ICT (MSIT), The
Korean Federation of Science and Technology Societies (KOFST).
The forum was aimed to review the major outcomes of STI
policy, and to suggest main agendas in 2021.
President Sang-seon Kim said it is time to consider how we can
make the best outcomes with increased R&D budget, and how
to find the solutions to the problems we are facing now, using
STI.
He said the forum could serve as a medium to share constructive

the followings: ▲Empowerment of STI Management,

discussions about the direction of future STI policy in Korea.

▲Effective R&D Management, ▲Creating researchfriendly
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environment

of

▲Director Yo-eop Lim (MSIT).

government-funded

President Jin Ko (Korea Mobile Internet Business

Director Yo-eop Lim (MSIT) presented the 1st talk on “The

institutes, ▲Encouraging Effective Communications

Association, MOIBA) said we need to establish mid-

Major Achievement of National Tasks and the Future Plans”.

between STI community and general public,

to long-term policy governance for innovation, and

He emphasized the importance of establishing reliable STI

▲Expanding International Collaborations in the

Woo-il Lee (KOFST) said we need to foster HRST to

ecosystems based on communications. For this, MSIT will support

research, ▲Building Originality in core technologies

build resilience in STI of Korea, and it is important to

in STI.

create a research environment using the resources we
already have. President Seok-jin Yoon (Korea Institute

Director Jang-jae Lee (KISTEP) presented “A strategy

of S&T, KIST) introduced a K-R&D innovation model

to develop NIS”, he said the world is witnessing

which shows the directions of government R&D.

unpreceded STI development in human history, and

Editor Won-bae Kim (Etnews) said it is necessary to

the NIS is providing a strategic solution to national

maximize the efficiency of government R&D.

policy making. He suggested ▲Establishment of
HRST Policy, ▲Engaging general public to policy

Director Yo-eop Lim (MSIT) said MSIT will try to

making, as a key strategy of NIS.

reflect the opinions from this forum through step by
step. Currently both of MSIT and Ministry of Trade,

Vice President Sang-yeop Lee (KISTEP) pointed out

Industry and Energy (MOTIE) are progressing to lunch

the responsibility of KISTEP as the government R&D

pilot ‘Challenging R&D’ programs, and also to build

budget is getting increased every year.

related model in Governance level. Director Yo-eop
Lim (MSIT) emphasized that the legal backgrounds

The participants of panel discussion are as follows:

are being prepared for a separate management

▲ (Host) President Woo-il Lee (KOFST), ▲ President

system or methodology to promote creativity in

Jin Ko (Korea Mobile Internet Business Association,

regards to the ‘Challenging R&D’ programs, and that

MOIBA), ▲Professor Jun-ho Lee (Seoul National

hopefully it will change the research environment

University), ▲President Seok-jin Yoon (Korea Institute

holistically.

of S&T, KIST), ▲Editor Won-bae Kim (Etnews),
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The 22nd
Anniversary of KISTEP

Institute of S&T Evaluation and Planning
(KISTEP, president Sang-Seon Kim) held the
celebration event for its 22nd anniversary at
the new building in Chungbook Innovation
City.

1

This anniversary event started with opening

1. Anti-corruption and integrity award:

remarks by president Sang-Seon Kim,

Yeong Kang, Eunyeop Yun

followed by awarding ceremony under

(Financial management division)

categories as follows: Anti-corruption and
integrity, Best issue paper, Outstanding

2. Best issue paper award:

research achievement, Academic award,

Suncheon Byeon with 12 others

employee of the month, long service
award, best department, Empathy KISTEP

(Office of S&T policy planning)
2

people, KISTEP people of the year.

Seonjae Kim
(Center for R&D feasibility analysis III)
Seonmyeong Lee, Yeongsik Na
(Center for growth engine R&D coordination)
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Jangjae Lee, Ikcheon Uhm
(Research institute of S&T innovation and strategy)
3. Outstanding research achievement award:
3

Jinyong Kim
(Center for future growth policy)
Hyeon Lim
(Center for technology foresight)
Miyeong Hong, Geosong Yu
(Center for bio & basic science R&D coordination)
Jaehun Lee
(Innovation center for R&D regulation and management)
Seongyo Kim
(R&D institutes evaluation team)
Seokjong Park
(Center for national R&D budget strategy)
Jeonggyu Jeong
(Center for R&D feasibility analysis II)
Jangjae Lee, Ikcheon Uhm
(Research institute of S&T innovation and strategy)
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8. Empathy KISTEP people award
[Gold] Mingyu Han
[Silver] Jeongheon Oh
9. KISTEP people of the year award
4. Academic award

Yeonghyeon Jin (Center for growth engine R&D coordination)

Sangjin Ahn

Yonghui Kim (Center for NTIS)

(Center for R&D feasibility analysis III)
Junseok Yoe
4

8

(Center for big science & energy R&D coordination)
Junhui Kim
(Center for R&D performance diffusion)
Inyeong Hwang
(Research institute of S&T innovation and strategy)
5. Employee of the month
Gilsu Jo
(Center for future growth policy)
Jongrok Park
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5

(Center for R&D feasibility analysis III)

9

Jihye Shin
(Human resources management division)
6. Long service award
[20 years] Jiho Hwang
(Office of planning and management)
[10 years]
Aeri Shin
(Office of national R&D coordination)
7

Miyeong Hong
(Center for bio & basic science R&D coordination)
Seongho Jo
(Center for R&D feasibility analysis I)
Eunjeong Kim
(Center for R&D feasibility analysis III)
7. Best department award
[Gold]

Innovation

center

for

R&D

regulation

and

management
8

[Gold] Center for S&T policy, Strategy center for R&D
coordination, General affairs and IT division

9
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which was confirmed by the National Assembly in December.
The session’s main purpose was to inform industry, academia,
and researchers and experts on the main contents and detailed
implementation plans of major ministries’ R&D projects for 2021.
The order of the presentations is as follows.
- December 18th: the Ministry of Science and ICT and the Ministry of
Education announced the contents and implementation schedule
of R&D projects.
- December 19th: the Ministry of Trade, Industry and Energy, the
Ministry of SMEs and Startups, the Ministry of Health and Welfare.
Sang-seon Kim, President, KISTEP

- December 20th: the Ministry of Agriculture, Food and Rural Affairs,
the Rural Development Administration, the Korea Forest Service,
the Ministry of Environment, the Ministry of Land, Infrastructure
and Transport, and the Ministry of Oceans and Fisheries.
In a congratulatory speech, Seong-soo Kim,

Vice Minister for

Science, Technology and Innovation at Ministry of Science and ICT
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(MSIT), said, “2021 is opening door to an era of 100 trillion won
National Budget for R&D activities.” He also urged the science and
technology community and the government to work together to
overcome the current crisis and prepare for the future through
science and technology.

Seong-soo Kim, Vice Minister, MSIT

In the congratulatory speech that followed, KISTEP President Sangseon Kim said, “In the dynamic and inconsistant global environment

A Joint-Ministry Presentation Session for on National R&D Projects

and Pax Technica, science and technology play the most important

in 2021 will be held mainly by the Ministry of Science and ICT,

role. By using this as an opportunity, the government and private

Ministry of Trade, Industry and Energy, Small and Medium Venture

sector should work together to elevate Korea to a leading country

Business Department, along with 10 government ministries and

and successfully ignite the start of a Korean New Deal.” Additional

the Korea Institute of Science and Technology Planning and

information about the session can be accessed at the homepage

Evaluation (KISTEP). It will be held from January 18th (Monday) to

of Ministry of Science and Technology and Korea Institute of S&T

20th (Wednesday). The event will be broadcasted live online while

Evaluation and Planning.

observing quarantine rules, and can be viewed on the day of the
briefing through the online webpage and a live broadcast platform.
This session was held on last December at the assembly. It mainly
dealt with “the 2021 government R&D budget (27.4 trillion won)”,
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MOU signed
between
KISTEPNational Library
of Korea
The Korea Institute of Science and Technology
Planning (KISTEP, President Sang-seon Kim) and
the National Library of Korea (Director Hye-ran Seo)
signed an agreement with ISNI, an international
standard identification system, on February 23
(Tuesday) for connecting and sharing information of
national researchers. The agreement was signed to
prevent the spread of Covid-19, and it is expected to
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be easier to access and utilize domestic and foreign
researchers and research results.
KISTEP became the 15th organization to participate
in the ISNI Consortium under this agreement, and the
two organizations will cooperate to issue new ISNI
linked to the National Research Information System
(NRI), a pan-departmental research information
integration service. In addition, it is expected that
the search and utilization of domestic researchers
and research materials will increase internationally
by providing easier and more accurate integrated
information through the ISNI authorization system.
"Various attempts and efforts should be supported
to promote data convergence and utilization to
cope with the rapidly changing environment and the
New Normal era," said Sang-seon Kim, president of
KISTEP. "Through this agreement, we will establish
a strategic support system to strengthen and lead
innovation capabilities.“

R&D Insight

KISTEP
Participated in
Money Today
Global
Conference
K.E.Y.
PLATFORM
2021
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Sang-seon, president of KISTEP, participated in the Money Today
Global Conference K.E.Y. PLATFORM 2021, held at the Conrad Hotel
in Yeouido, Seoul on April 29th, and presented the "Next Normal Era
led by Science and Technology."
He defined the next normal era after Covid-19 with several
keywords - global cooperation to cope with misuse of energy and
resources; instability of global value chains; government roles in
crisis; infodemic and its social and economic losses; and wealth and
digital gap. He explained, “The government focuses its resources
on strengthening R&D in bio-health industry, the Korean New
Deal, strategies to upgrade materials, parts and equipment, and
2050 carbon neutrality, which will be a foundation to turn crisis into
opportunities.”
He also introduced his experience in preparing strategies for
materials, parts, and equipment (MPE) in response to Japan's export
regulations in 2019. "As I experienced the collapse of the global
value chain in the pandemic, I realized that the problem of MPE is
not just with Japan" he said. "In addition to develop MPE in Korea
or with various sources, we plan to get ready to develop MPE which
will be needed in the future. After his presentation, he participated
in the special session, presenting lessons left by Covid-19 and the
following scientific and technological responses to pandemics.

235

KISTEP R&D and Beyond 2021

The 1st
Science and
Technology
Diplomacy
Forum

R&D Keypoint

R&D Insight

R&D Inside

R&D Inspire

KISTEP News

R&D Infographic

The 1st Science and Technology Diplomacy Forum, hosted by
the Ministry of Science and ICT MSIT and organized by the Korea

and technology diplomacy in major countries;

Institute of Science and Technology Evaluation and Planning

the role of science and technology diplomacy in

(KISTEP), was held at the Conrad Hotel in Yeouido on May 13rd

the international community; and strategies for

(Thursday). The event will be broadcast live online in compliance

developing the national science and technology

with quarantine rules and can be viewed again through the KISTEP

policy to respond to future social changes.

YouTube channel.
He added, “In uncertain situations such as pandemics
The program started with the opening speech of ▲ Vice Minister

and climate change, science and technology have

of MSIT (Hong-Taek Yong) and the congratulatory speech of

become key in all fields, and in this circumstance,

▲ President of KISTEP (Sang-seon Kim). The first session had

science and technology diplomacy should address

presentation on present and future of Science and Technology

various global agendas and pursue sustainable

Diplomacy by ▲ Professor Seung-hwan Kim at Pohang University of

development.”

Science and Technology, followed by the second session filled with
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current Science and Technology Diplomacy in Korea. The second

In the second session, Soon-Cheon Byeon, Director

session consisted of presentations by ▲ Director General at KISETP

General at KISTEP, presented under the theme of

(Soon-Cheon Byeon) and panel discussions and Q&A sessions

"Korea's Science and Technology Diplomacy and

under the theme of Korea's science and technology diplomacy and

International

international cooperation achievements and tasks.

"We will continue to hold Science and Technology
Diplomacy Forums to create a foundation for deep
discussions on science and technology diplomacy,"
said Hong-taek Yong, first vice minister of the
Ministry of Science and ICT. "We hope this forum
will impart unfamiliar concepts of science and
technology diplomacy to the general public."
In a congratulatory speech, Sang-seon Kim,
president of KISTEP, said, "We hope this forum will
be a meaningful place to share Korea's science and
technology diplomacy strategies, current status,
and how it will develop in the future."
In the first session, Seung-hwan Kim, a physics
professor at Pohang University of Science and
Technology, presented under the theme of "The
Present and Future of Science and Technology
Diplomacy." Professor Seung-hwan Kim explained
the concept and the current status of science

Cooperation

Achievements

and

Tasks." Currently, Korea is in a situation where
the scale of science and technology diplomacy
and international cooperation itself is insufficient
and more active projects are in need, advising
that cooperation is crucial in most fields; yet
international cooperation systems or strategies in
technology are lacking.
Through SWOT analysis, he presented strategies
and future plans for science and technology
diplomacy. He also proposed building concrete
systems and exploring strategies for science and
technology diplomacy, which will be pan-ministry
level with both KISTEP and the Ministry of Science
and Technology.
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KISTEP held the <3rd NIS Policy Colloquium: plans for an open
NIS> at L Tower in Seoul on June 3rd (Thursday). The Colloquium
was designed to overcome the phenomenon of de-coordination of
industry-academic organizations and to find ways to build an open
innovation system that the general public can relate to. The event was
broadcasted live online in compliance with quarantine rules and can
be viewed again on the KISTEP YouTube channel.
"The government has recognized the importance of industryacademic cooperation and advanced it notably, but there are still
many challenges in the field of industry-academic cooperation," said
Sang-seon Kim, president of KISTEP. "I hope this colloquium will be
an important opportunity to develop strategies to develop Korea's

▲ Young-ja Bae, professor at Konkuk University led

degree-level human resources for science and

the discussion with the participation of ▲ Ji-won

diplomacy.”

Dong-deok Chung, a member of KISTEP's policy committee, presented

Sohn, director at the Korea Institute of Science and
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Technology ▲ Jae-ryeong Lee, executive director at

Jae-ryeong Lee, executive director of Intel Korea,

Intel Korea ▲ Hyung-ha Kim, senior researcher at

suggested to explore methods to cooperate with

Korea Research Institute of Standards and Science

companies by associating issues which the general

▲ Woo-sung Jung, professor at Pohang University

public can relate to. Joon-koo Yoo, a professor

of Science and Technology ▲Hee-jin Kim, director

at the Institute for Foreign Affairs and Security,

of the Korea Maritime Science and Technology

stressed the importance of human networks

Institute ▲ Joon-koo Yoo, professor at the Institute

in science and technology diplomacy. Ji-won

for Foreign Affairs and Security.

Sohn, director at KISTI's Foreign Cooperation
Division, explained the researcher's perspectives

Hyung-ha Kim, a researcher at the Korea Research

on international cooperation at the research site.

Institute of Standards and Science, stressed

Hee-jin Kim, director at the Korea Maritime Science

that establishing governance for science and

and Technology Institute, stressed the need of

technology diplomacy will develop country status

proposing the diplomatic approach to developing

as an international cooperation partner.

countries

and

developing

base

and

public

awareness on science and technology diplomacy.
Woo-sung Jeong, a professor at Pohang University
of Science and Technology, said that continuous

Finally, Professor Young-ja Bae of Konkuk University

growth of innovation capabilities is key and soft

reiterated the significance of the Science and

power is essential for science and technology

Technology Diplomacy Forum and stressed that

diplomacy. He added, “We need to build a network

soft power is the core of science and technology

with universities and various research institutes

diplomacy.

for public diplomacy, and it's important to foster

industry-academia partnerships."

"major issues to encourage an open national innovation system,"
and Tae-joon Park, head of Hanyang University's industry-academic
cooperation group, presented the theme of "industry-academic
cooperation model for membership-based company." Lastly, Jihoon Lee, secretary general of the Korea Association of Technology
Holdings, introduced "the current status and efficiency of technology
holding companies in terms of industry-academic cooperation.“
Guided by Byoung-Ho Son (Director of Research Institute of S&T
Innovation and Strategy at KISTEP), the panel discussion was mainly
focused on strategies for an open NIS with and Moon Nam-gung
(professor at Wonkwang University), Sang-yong Nam (professor at
Kyungsang University), Seung-hwan Mok (CEO of Seoul National
University Technology Holdings), and Gun-yeol Ji (CEO of Jeonbuk
Technology Holdings).
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KISTEP (President, Sang-seon Kim) established a

This program was held online followed by last year due to

platform for Science Diplomacy that shares Korea's

COVID-19, and was intended to provide extensive and in-

STI policy and insights with developing countries in

depth educational content on Korea's STI governance and

Asia, Africa, and the Middle East. KISTEP held the 13th

experience via lecture videos, online education management

KISTEP-ISTIC S&T Innovation Training Program for

platform and real-time online sessions.

KISTEP News
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High Level Policy Makers online for four days from
August 24th to 27th, jointly with the International

"International cooperation to strengthen STI capabilities

Science, Technology and Innovation Centre for

in developing countries matters especially in the current

South-South Cooperation under the auspices of

situation where the COIVD-19 outbreak escalating the gap

UNESCO(ISTIC).

between countries. I appreciate participating in this program
despite COVID-19," said Sang-seon Kim, president of KISTEP.
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The program, which marks its 13th anniversary this

He added, "We will continue to seek ways to cooperate so

year, attracted 19 policymakers from 15 countries

that developing countries can strengthen their independence

including Asia (Malaysia, Cambodia, Indonesia), Africa

beyond overcoming the coronavirus 19 crisis through

(Nigeria, Uganda), and South America (Brazil, Peru).

scientific and technological innovation."

The online program covered Technology Foresight;

* ISTIC

S&T Basic Plan; Human Resources in S&T Policy; R&D

(International Science, Technology and Innovation, Centre for South-South

Program Budget Allocation and Coordination; R&D
Performance Management and Utilization; and S&T

Cooperation under the auspices of UNESCO) It is a national science and
technology support organization established under the Doha Plan of Action,
a coalition of developing countries in the United Nations. It was established

Innovation Measurement. Also, there were real-time

in Kuala Lumpur, Malaysia in May 2008 under the auspices of UNESCO to

online Q&A session with lecturers and country STI

develop national science and technology innovation policies, various research,

reports, presented by participants.

and exchange activities in developing countries.
http://www.istic-unesco.org
** KISTEP-ISTIC S&T Innovation Training Program for High Level Policy Makers
It is a program that introduces Korea's STI development history and experience
to high-level policymakers in developing countries in Asia, Africa, and Latin
America, which are members of ISTIC. It started in 2009 when developing
countries requested KISTEP for a "customized R&D education training
program" to strengthen overall scientific and technological capabilities such as
national STI policies, planning and evaluation, and management techniques.
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KISTEP held the 4th National Technology Innovation
System (NIS) Policy Colloquium: Strategies for the
Commercialization of National R&D, at L Tower
in Seoul on Thursday, July 1st. The theme of the
Colloquium was "Improving the quality of technology
industrialization" triggered by increased government
R&D investment, and "Problems and solutions for
technology

commercialization."

The

event

was

broadcast live online in compliance with the COVID-19
quarantine rules and can be viewed again through the
KISTEP YouTube channel.
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"The national R&D budget has reached 27.4

Selection Steps, and Policy Suggestions." Professor

trillion won, increased 13.1% from last year, and

Hyun suggested various measures such as 3P-based

the government seems to have recognized the

R&D planning (Paper, Patent, and Product) and

importance of national R&D," said Sang-seon Kim,

strategic research to generate R&D results.

president of KISTEP. "Recently, R&D has expanded
from manufacturing to all areas of science and

In the third session, BrainU CEO Kwang-moo Kim

technology. We hope that the Colloquium will

presented the topic of "Research Performance, Spin-

find fundamental ways in detail to announce and

Off Status, Challenges and Policy Suggestions."

commercialize public R&D outcomes."

CEO Kim said, "It is necessary to set up a venue for
collaboration between the industry and academia,"

In the first session, In-young Hwang, associate

and suggested, "We need to expand new projects

research fellow at KISTEP Innovation Strategy

like building R&D clusters.“

Institute, presented the topic of "Exploring Major
Issues in Korea's Technology Commercialization

In the last session, Chi-ho Choi, head of KIST

Process." Hwang suggested, "The key factors

Hongneung Small but Strong Special Business

that affect technology commercialization differ

Zone, made a presentation under the theme of

by the R&D development stage, so differentiated

"Challenges and Policy Suggestions on Technology

approaches are crucial.“

Commercialization in the Stage of Applied R&D."
The mechanism for announcing public technology

In the second session, Byung-hwan Hyun, a

should be reorganized into an organic cooperative

professor of convergence consulting at Daejeon

system throughout the entire cycle of innovative

University, presented under the theme of "R&D

entities," said Chi-ho Choi, head of the group.

Planning, Technology Commercialization in Topic
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KISTEP (President Sang-seon Kim) has joined hands with industry,
academia, and research institutes to discover new national growth
engines and strengthen R&D competitiveness.
KISTEP held a business agreement ceremony with KIRD (the
National Institute of Science and Technology Development),
Dankook University, and CIAST (Chungcheongnam-do Science and
Technology Promotion Agency) at Dankook University Cheonan
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The 2nd Science and Technology Diplomacy Forum, hosted by the
Ministry of Science and ICT and organized by KISTEP, was held
on November 23rd (Tue). The event was broadcast live online in
compliance with quarantine rules and can be viewed again through
the KISTEP YouTube channel.
This forum was organized to discuss the strategies to cope with
science and technology diplomacy in the era of technological

Campus on October 8th (Friday).

hegemony.

Through the agreement, the four organizations plan to contribute

The forum was hosted by Jinha Kim, director of KISTEP Center

to Korea's science and technology innovation by training human

for International Cooperation Policy, starting with the opening

resources and discovering new growth engines based on R&D

speech by Hongtaek Yong (Vice Minister of Science and ICT),

cooperation and exchange in the science and technology field. To

congratulatory speech by Hyangja Yang (member of the National

this end, they promised to research and study R&D policies for ▲

Assembly), another congratulatory speech by Jong-moon Choi

national science and technology innovation, discover new national

(Vice Minister of Foreign Affairs), and welcome speech by Sang-

growth engines and strengthen R&D competitiveness, ▲ cultivate

seon Kim (president of KISTEP). There were two presentations:

HR exchanges and career development, ▲ share information on

‘the significance of technology hegemony and major issues and

latest technologies and trends, and ▲ cooperate where needed

implications in the international community’ by professor Won-joon

additionally.

Kim of KAIST and ‘the challenge and opportunity of Korean science
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and technology diplomacy in the era of technology hegemony’
This agreement is of great significance in that it is cooperation

presented by professor Jong-il Lee of SUNY Korea.

between significant institutes in the field of science and technology.

◀
(From the left), President
of CIAST (Kwang-sun
Kim), President of
KIRD (Gwi-chan Park),
President of KISTEP
(Sang-seon Kim), Dean of
Dankook University
(Soo-bok Kim)

▲ Jinha Kim, director at KISTEP

Hongtaek Yong, 1st Vice Minister of Science and ICT
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1.Won-joon Kim,
professor at KAIST

diplomatic power is supported," said Hongtaek

College of Business

Yong, the first vice minister of the Ministry of

2.Jong-il Lee, professor

Science and ICT, emphasizing the importance of

at SUNY Korea

science and technology diplomacy, adding, "We

College of Business
Management

will do our best to contribute to the international

3.Panel discussion

community by making science, technology, and
diplomacy a strategic team.“
In the continued congratulatory speech, Hyangja
Yang, member of the National Assembly, suggested,
“The reason for the success of the semiconductor
industry, which has become a technology hegemony
for 30 years, is that we have prepared to nurture
human resources in advance.” In addition, 2nd vice
minister of Foreign Affairs, Jong-moon Choi, said
that as the importance of science and technology
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diplomacy is highlighted, the Ministry of Foreign
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Affairs is also preparing various programs, and
stated the importance of cooperation from science
community.
In a welcoming speech, Sang-seon Kim, president
of KISTEP, said, "Science and technology require
close cooperation among international countries
at the global level, and on the other hand, fierce
competition is needed." He expressed significance
of the event, hoping that it will be a place to gather
wisdom to successfully leap forward in terms of

1.Hyangja Yang, Member of the National Assembly
2.Jong-moon Choi, 2nd Vice Minister of Foreign
Affairs
3.Sang-seon Kim, president of KISTEP

science and technology diplomacy.

through a strategic shift centered on science and

science and technology diplomacy to assist and live

technology in the future.

with developing countries around Korea based on
its experience of becoming a scientifically advanced

In the second session, Jong-il Lee, professor at SUNY

country in 60 years.

Korea College of Business Management, presented
the theme of ‘Challenge, Opportunity, and Response

Sang-hwan Lee (professor at Hankuk University of

Direction of Korean Science and Technology

Foreign Studies), led the following panel discussion

In the first session, Won-joon Kim, professor at KAIST

historical background of technological hegemony,

Diplomacy in the Age of Technology hegemony.’

with Young-mi Ji (president of Korea Pasteur

College of Business, presented the theme of ‘The

and explained the current paradigm shifts of

He explained the science and technology diplomacy

Research Institute), Kyung-ryeong Park (professor

significance of technological hegemony and major

technological hegemony by country. He also

is required by the international community along

at KAIST), Gwangu Shin (professor at Sogang

issues and implications of technological hegemony

suggested that integrated operation is needed as

with Korea's enhanced diplomatic position and the

University), Ji-young Park (senior researcher at

competition in the international community.’

the management system for strategic technology

level of science and technology. Professor Lee also

the Asan Institute for Policy Studies), and Hwanil

Professor Kim introduced major technologically

is currently operated individually by ministries. He

stressed the need for international cooperation in

Park (director at STEPI Global Innovation Strategy

competitive industry by region, along with the

argued that South Korea is to leap forward again

science and technology, and urged that it is time for

Research Division).
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2020 Regional COmposite Science and Technology Innovation
Index (R-COSTII) Results
Implementation Status of National R&D Projects in 2020
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2020 Regional COmposite Science and Technology
Innovation Index (R-COSTII) Results
Regional COmposite Science and Technology Innovation Index (R-COSTII)
 KISTEP has developed the Regional COmposite Science and Technology Innovation Index (R-COSTII), a

■

 The yearly average growth rates in some mid-rank regions, such as Chungbuk, Busan, and Ulsan, are

■

higher than the yearly average growth rates of the Composite Science and Technology Innovation Index
in the recent 7 years.

composite indicator evaluation model applied with the National Composite Science and Technology Innovation

R-COSTII Trend Per Metropolis·Province (2013–2020): per four groups

Index, to evaluate science and technology innovation competency levels per region yearly since 2009.
※ R-COSTII (Regional COmposite Science and Technology Innovation Index): A collective name for the regional science and technology
innovation competency evaluation and the regional science and technology innovation competency index

 Based on the evaluation results of R-COSTII, KISTEP analyzed the strengths and weaknesses of the regional

■

science and technology innovation competency and provided the data for an accurate-level diagnosis.

(a) 2020 Innovation Leading Region:

(b) 2020 Innovation Chasing Region:

Gyeonggi, Seoul, Daejeon

Gyeongbuk, Ulsan, Chungbuk, Busan, Chungnam

(Unit: won)

24.0

22,801

22.0
20.0

2020 R-COSTII Evaluation & Analysis Improvement

18.0
16.0
14.0
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Before Change (-2019)
Set-up
of New
Evaluation
System

18,566

After Change (2020)

12.0

Benchmarking of the National
COmposite Science and Technology
Innovation Index (COSTII)

Benchmarked the National COmposite Science and Technology
Innovation Index (COSTII), adopted the domestic and foreign composite
index case studies and results

10.0

Conduct of yearly evaluation

Adopted an evaluation system with time series comparison based on a
fixed-weighted method

17,683

17,072

16,250

15,460

20,609

19,624

19,461

19,617

19,225

11,124
11,050

21,150
11,084

20,282
19,519

9,733

10.0

17,484

16,155
15,106

15,693

8,242
7,770

11,050

8,044

8,044

2015

2014

2018

2017

2020

2019

(c) 2020 Innovation General Region:

2016

2015

2014

2013

Ulsan

Chungbuk

251
2017

11,050

8,761
8,044
8,182

7,457

7.5

6,922
6,723

5.5

5,023
4,191
3,763

Gyeongbuk

Sejong, Jeju

8.0

11,063

11,136

10,749

11,050

9,341

9,850

5,977
5,879
5,534
5,254

2020

2019

Average

(Unit: won)

9.5

Regional R-COSTII
2013-2020 Yearly Average Growth Rate

2018

Chungnam

9,857

■Innovation Late-Starter Region

9,613
9,567

8,747

(d) 2020 Innovation Late-Starter Region :

Incheon, Jeonbuk, Gyeongnam, Gwangju, Gangwon, Jeonnam, Daegu

10,603

■Innovation General Region

9,481

5,561

5,541

Busan

11.5

■Innovation Chasing Region

9,441
9,385

6,682

10,244

■Innovation Leading Region

9,496
9,418

10,749
9,905
9,891

4,923

2016

(Unit: won)

2020 R-COSTII Evaluation Results Per Sector

10,112

4.0

2013

 Analysis function on a region’s growth·recession through the adoption of a new evaluation system allowing

10,530
9,763

8,761

6.0

■

time series comparison

7,457
6,723

11,071
10,603

7,338

6,819
5,795

5,647

6.0
5,057

8.0

11,063

7,051

6,891
6,003
10,749

8,761
7,856

7,457

6,723

10,603

9,341

8,287
8,247

8,287

8.0

13,836

11,063

9,582

11,387

8,761
18,129

17,880

7,892

14,665
13,165

20,711

11,730

12.0

6,230
6,242 6,237
6,004
5,971
5,764 5,808
5,393

6,702
6,697

9,171

8,772
8,491
8,194

8,744

7,362

8,835
8,752
8,154

8,141
7,792

9,089
8,780

9,211

8,067
7,974
7,910

7,865
7,253

6,660
6,033

10,603

10,749

8,761

6.0

8,044

8,677

7,457
6,723

8,494
7,971
7,908
7,789

11,063
10,807

7,334
6,639

4.0
4,184

6,336
6,558

6,621

6,316

6,622

6,139

5,415
5,014

3,530

6,011
5,858
5,658

2.0

3,189

5,494

4,386
4,566

0,209

4,138

3.5

0.0

2013
Gwangju

2014
Incheon

2015
Jeon
buk

2016
Gyeong
nam

2017
Gangwon

2018

2019

Jeonnam

2020
Daegu

2013
Average

2014

2015

2016
Average

2017
Sejong

2018

2019

2020

Jeju

Note) R-COSTll composite index and ranking are calculated by updating the ranking and scores of yearly R-COSTII Figures (a)–(d)’s red
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Innovation regional groups (by map) +
R-COSTII’s relative level compared to the 2013 regional average
■Innovation Leading Region

Gangwon-do

Seoul
Incheon

■Innovation Chasing Region

Incheon
인천

Chungcheongbuk-do

Gangwon-do

Gyeonggi-do

Chungcheongnam-do

Sejong

Implementation Status of
National R&D Projects in 2020

■Innovation Late-Starter Region

Seoul

Gyeonggi-do

Chungcheongnam-do

■Innovation General Region

Chungcheongbuk-do

Sejong
Gyeongsangbuk-do

Daejeon

Daegu

Gyeongsangbuk-do
Daejeon

Jeollabuk-do

Daegu
Jeollabuk-do

Ulsan

Ulsan

Gyeongsangnam-do
Busan

Gwangju

252

Gyeongsangnam-do

Jeollanam-do

Busan

Gwangju

 The Ministry of Science and ICT and the Korea Institute of S&T Evaluation and Planning announce the “2020

■

Jeollanam-do

National R&D Project Investigation and Analysis Report” by producing. multi-faceted analysis data on the status
of implementation through a systematic survey on the implementation status of national R&D projects every year.

Jeju-do

Jeju-do

 It is provided as baseline data to drive efficient national R&D projects based on evidence and suggest policy directions

■

2013

2020

Implementation Status of National R&D Projects
■Amount spent

(KRW 100 million)

Number of projects

(case)

250,000

73,501

80,000

70,327
200,000

54,827

61,280

70,000

63,697
238,803
206.254

150,000
190,044

193,927

60,000
50,000

197,759

40,000

100,000

30,000
20,000

50,000

10,000
0

0
2016

2017

2018

2019

2020

[Figure 1] Changes in national R&D project implementation amount and number of subprojects, 2016–2020
• The

size of the national R&D projects implemented in 2020 was KRW 23,880.3 billion, an increase of 15.8%

from the previous year. The number of tasks is increased by 4.5% to 73,501 projects.
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Implementation Status of National R&D Projects by Sector

66.5%

30.1%
Basic research

By R&D
stage

R&D Infographic

Implementation Status of
National R&D Projects by size

R-COSTII

Public sector

By
application
fiel

33.5%

23.1%

University

KISTEP News

execution scale) 100.0.

Development
research

By
research
institute

R&D Inspire

This is a relative figure by setting the top regions (Gyeonggi for R-COSTII, Daejeon for the national R&D project
23.1%

small
business

R&D Inside

Regional R-COSTII and National R&D Project Implementation Status

Major company

Mid-sized
company

R&D Insight

Industrial Secto

Applied research

Government-funded
research institute

34.9%

100%

[Table 1] Implementation status of national R&D projects by research institutes, R&D stage, and application field

88.9%

4.8%

Gangwon

64%

39.8%Seoul

18.6

Incheon

Incheon

10.6

9.9

9.3

7.4

6.7

6.1

4.4

3.9

4.1

3.8

3

2.8

2.2

0.5

M
at
h

en
gi
ne
er
in
g

Daegu

14,000

(KRW 100 million)
45,0

16,694

40,0

15,243

35,0

13,055

4.1 billion won

12,000
10,139

10,000

30,0
25,0

8,000

20,0
6,361

6,000

4,435

4,000
2,000

0.02 billion won

0.04 billion won 0.07 billion won

0.13 billion won

0.23 billion won

15,0

4,008

0.37 billion won 0.68 billion won

3,566

10,0
0

-

Less than
30 million won

30 million won
or more and
less than
50 million won
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[Figure 2] The number of subprojects by research funding section and the status of research funding execution, 2020
Source: Ministry of Science and ICT, Korea Institute of S&T Evaluation and Planning, 2020 National R&D Project Survey and Analysis Report, August 2021.
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[Table 2] Implementation status by technology sector – National Science and Technology Standard Classification (K-NSCC)
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