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. WA U
Time Program
0830 — 09:10 Opening Remarks by Prof. Jakob Edler, Director, Fraunhofer ISI

i ) BMBF Parliamentary State Secretary Dr. Jens Brandenburg (Germany)
Opening and Session 1|\ 11T \ice-Minister Dr. Young-Chang Joo (Korea)

Scientific Concepts of Technology Sovereignty and New Potentials for
Intemational Cooperation
Presentation
President Byung-Seon Jeong, KISTEP (Korea)
Prof. Jakob Edler, Fraunhofer ISI (Germany)
09:10 - 10:10
Q&A and Discussion
Session Chair: Prof. Byung-il Choi, KFAS
Panel: Prof. Jakob Edler, Fraunhofer ISI
President Byung-Seon Jeong, KISTEP
Prof. Sangook Park, Seoul National University
Dr. Hanns Gunther Hilpert, SWP

Session 1

Scientific Evidence on Strategic Technologies and Existing German-Korean
Cooperation Dynamics
Presentation
Prof. Jeong-Dong Lee, Seoul National University (Korea)
Dr. Henning Kroll, Fraunhofer ISI (Germany)
10:30 — 11:45
Q&A and Discussion
Session 2 Session Chair; Prof. Jakob Edler, Fraunhofer ISI
Panel: Prof. Jeong-Dong Lee, Seoul National University
President Byung-Seon Jeong, KISTEP
Prof. Dr. Oliver Kraft, KIT
Dr Henning Kroll, Fraunhofer ISI
Prof. Dr. Thomas Gries, RWTH University

Scientific Evidence on Net-zero Technologies and Related Potentials for
German-Korean Cooperations

Presentation

Prof. Ki Tae Nam, Seoul National University (Korea)

Prof. Dr. Martin Wietschel, Fraunhofer ISl

13:00 - 14:10
Q&A and Discussion

Session Chair: Dr. Soo Hyun Kim, KIST Europe

Panel: Prof. Ki Tae Nam, Seoul National University

Prof. Dr. Martin Wietschel, Fraunhofer ISI

Dr. Jihee Son, National Institute of Green Technology

Dr. Rainer Quitzow, Research Institute for Sustainability RIFS

Session 3

14:10 - 14:20 | President Byung-Seon Jeong, KISTEP
) Prof. Jeong-Dong Lee, Seoul National University
a d W,
OsmFirjvr;rd e Prof. Jakob Edler, Fraunhofer ISI

[O& 8] Korea-Germany Joint Forum on Technology Sovereignty
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Germany-Korea Forum on Technology Sovereignty

Cooperative Technology Sovereignty

Jeong-Dong Lee
r, Seoul National Uni
lanbin Kim, Kyur:

snu.ac.kr)
n Kim, Chihyeol

V.

in collab

won, Sonja Walter

Bugaxa

Cooperative technology sovereignty

Wagann

Emphasis on technology sovereignty in the developed countries

e The recent competition for technology supremacy between the U.S. and China is getting exacerbated,
accordingly, other major countries are pursuing technology sovereignty.

The recent conflict between the U.S. and China which started with a trade dispute is leading to competition for
technology supremacy.

And other major countries, such as European countries and Japan, are continuing discussions on securing
technology sovereignty in preparation for the global impact caused by competition among superpower
countries.

The recent discussion on technology sovereignty in various countries are seen as an attempt to identify and
support influential technologies that can gain superiority in various competitions, such as industry, defense,
and science, or to maintain sovereignty in terms of national security.
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What is technology sovereignty

e Edler et al. (2021) suggest the basic definition and characteristics of technol
while concerned with risks that challenge the existing innovation ecosystem and limit the optlons for
interdependent technology d

p

= Technology sovereignty discourses emerged to deal with self-legitimizing, defensive mechanism of countries in the
context of the recent tumultuous decade marked by financial and economic crises.

= ‘the ability of a state or a federation of slates to provide the technologies it deems critical for its welfare,
competitiveness, and ability to act, and to be able to develop these or source them from other economic areas
without one-sided structural dependency” (Edler et al. 2020).

However, they are concerned that potentially fosters an insular perspective that stands in opposition to the long-
standing tradition of international collaboration, which has been instrumental in driving technological advancements
and economic growth, even though the discourse surrounding technology sovereignty is grounded in legitimate
concerns.
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The need for emphasis on cooperative concepts

# The existing discourses are already concerned with the potential risks that imperil the tradition of
international collaboration, accordingly, the cooperative concept should be emphasized.

= Technology sovereignty serves as a cross-cutting rationale for innovation policy and is reinforced by other poilcies
such as trade, investment, and competition policies when necessary (Edler et al., 2021).

= The technology sovereignty concept is based on four central premises (Edler et al., 2021):
1) itreacts to the changing world order where free trade and collaboration are no longer consistently reliable

2) itis a dynamic concept focused on building competencies through innovation policy while maintaining
international technological interdependencies

3) it emphasizes the importance of retaining competencies and stability rather than pursuing short-term profit
maximization

4) it considers activating competition, trade, or investment policies as a last resort, with the intention of

retracting these measures to avoid protectionism.

= Emphasizing a cooperative concept is crucial that upholds the benefits of international openness to mitigate the
risks of promoting protectionist tendencies, as well as overcome potential contestation among stakeholders.
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Significances of the cooperative innovation

# Cooperative innovation is essential to secure the technology sovereignty in long-term and global
perspectives within numerous turbulent crises.

- Technological development requires innovalion in various $8labal farilacape of WRMA vercioe patars>
fields since technology does not develop independently and a b - ® @
has interdependencies (Arthur, 2009). ¥ .
E & -
= Open Innovation, as proposed by Chesbrough (2003), aptly T -
embadies the notion of cooperative innovation (Huizingh, *
2011; Laursen & Salter, 2006; Lichtenthaler, U. & e ] .*."
Lichtenthaler, E., 2009). . 4
L a®
= To break through the global pandemic of COVID-19, the ) o oo &) Reglonal collbaraton netwerc,

mRNA vaccine technology was also the outcome of selationships between nstiutions.
cooperative innovation (Gaviria & Kilic, 2021; Li et al., 2022).
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Source: Li et al. (2022)

In sum: need for cooperative technology sovereignty

® Cooperative technology sovereignty emphasizes the importance of a cooperative approach that
supports international openness in overcoming challenges, avoiding protectionist tendencies.

= According to the sovereignty discourse has emerged as a self-legitimizing, defensive mechanism for countries,
Edler et al. (2021) proposed a definition and characteristics of technology sovereignty.

However, they acknowledge it may inadvertently promole insular perspectives, challenging long-standing
international collaboration.

Overcoming challenges and avoiding protectionist tendencies requires emphasizing a cooperative approach that
supports international openness, with lechnology sovereignty acting as a cross-cutting rationale for innovation
palicy.

Various empirical cases of cooperative innovation prove that cooperalive activities are essential for securing
technology sovereignty.

e So, we propose the concept of ‘cooperative technology sovereignty’ based on the global innovation
ecosystem to respond to these concerns.
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National critical technology to secure
the sovereignty

National critical technology and technology sovereignty

e As the area of science and technology is being combined with the area of national defense and
economy, major countries are seeking to identify critical technologies to secure their sovereignty.

Traditionally, economic and technological capacity has been recognized as a means to achieve national
security, but lechnology itself is now being recognized as a critical security asset as the competition for
technology supremacy exacerbates.

As a result, major countries such as the United States and the European Union are recognizing that science
and technology are key determinants of national security and emphasizing the interconnected relationship
bewween national security, economy, and technology.

Especially, there is increasing interest in critical technologies to establish defensive mechanism and overcome
uncertainty with political and economic crises occurring from a national security perspeclive, such as the
global pandemic, the Ukraine war, and the global economic downturn.

In summary, a nation's endeavors 1o pursue technology sovereignty are intrinsically linked to seeking and
developing critical technologies.
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Consensus from national critical technology concepts

# By synthesizing national reports and previous research on critical technology concepts, a common
agreement can be identified as follows.

= From a national perspective, the key values of critical technology can be calegorized into national defense or
security, economic interests, social benefits, and scientific and technological advancements.

Each country arranges key values based on their priorities. For example, the United States emphasizes
national security, while Europe and Japan emphasize considerations for civil society through social impact
assessments.

Each country simultaneously considers the current situation and future prospects for defining the criticality of
technology. For instance, in South Korea, semiconductor and display technologies are critical fields at the
present time, while quantum technology is regarded as a critical area in the future.

Traditional methodology and approach for selecting NCT

® Upon reviewing the process of selecting national critical technology in major countries, Three main
stages were identified.
e The methodologies and technical approaches used for each stage are as follows:
1) First, there is the step of forecasting future trends and changes in society. This is usually done through expert-
based foresight methodologies, although some countries skip this step.
+ Literature review, Scenario analysis, Horizon scanmng. Global trend meta-analysis‘ etc.

&

The next step is to organize the list of potential/candidate technologies that need to be selected as national critical

technologies, which is mainly done through demand surveys and expert consulting. There are some examples of

the application of data mining techniques.

+ Crealing large sets and longlists using demand surveys, expert opinions, consulting firms, or more recently, data
mining techniques to identify promising technology clusters with weak signals.

3

The final step is to evaluate the candidate technologies to select and prioritize NCTs. This is primarily an expert-
based, qualitative assessment through workshops and surveys.

+ Panel meeting, Delphi surveys, qualitative evaluation criteria adoption, impact surveys, quantitative evaluation
using multiple indicators and data, etc.

@usnua

P A2t
IE e 072



Recent efforts of data analysis to support S&T policy

e Recently, many countries utilize data-driven analysis to evaluate innovation potential and derive
more objective results to overcome the suk ivity of the traditional b up approach.

= Existing methodologies for selecting critical technologies can be subjective, costly, and limited in
comprehensiveness, potentially overlooking the reality of what are important technologies. Accordingly, there is
growing interest in data analysis to supplement expert opinion.

There are growing various efforts to suggest policy implications with the data-driven and top-down approach.

¥ the availability of usable data is on the rise, while various data analysis technigues, such as network
analysis, data mining, natural language processing (NLP), and machine learning (ML), continue to evolve
and advance.

Since the 2010s, supported by the NSF and the EU, the field of the Science of Science has developed, and
research on S&T palicy based on data and scientific evidence has been actively conducted.

For the EU's smart specialization policy, some scholars used a data-driven analysis of a region's strengths
and potential for innovation, including analysis of patents and other relevant data (Balland et al., 2018;
Balland and Boschma, 2021).

<

<

e Therefore, we suggest and apply a method for identifying critical technology in terms of cooperative
technology sovereignty that require cross-border cooperation based on data.

Methodology for listing critical
technologies for cooperation
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Methodology framework

» We propose the following framework for identifying critical technologies for cooperative technology

sovereignty.
Data collection and cle

DECD calasel 658 gil CPC)

Calculate some measurement based on Technolo

RTA, Prasimity. Dersiy, TCI, FOC, #le.

Measuring cooperation synergy

Capperatian synergy index|CS1), WES1, FWCS|

Exploring potential partners for technology cooperation

Courtry] reeds & Courry2 has  comparative atvantage (RTA=T)

List of possible critical technologies for cooperation
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Background of methodology

* Related researches

There is a large body of literature showing that regions build on existing capabilities to develop new activities
{Boschma 2017; Hidalgo et al. 2018; Balland et al., 2019).

Inter-regional linkages are considered to give regions access to external knowledge that can tackle or avoid
the tendency of regions to get locked-in (Camagni 1991: Boschma and lammaring 2004).

This lock-in process may be avoided or overcome by linking to agents in other regions, to get access to
external knowledge pools (Maskell and Malmberg 2007; Crespo et al. 2014).

To capture the effect of inter-regional linkages on regional diversification. Based on co-i 5. indicator the
number of linkages (ML) is made (Balland and Boschma, 2022).

The other indicator is Complementary inter-regional Linkages (CL). For each potential new technology i CL
measures the extent to which region ris linked to another regions s that specialized in a technology jrelated ©
new technology /but not in region r (that is, in which regions ris not specialized).
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Data and measurement

Data

« Toanalyze the impact of regional capabilities and inter-regional ties on technological diversification, We
Followed other papers on inter-regional diversification (Balland and Boschma, 2022).

In this study, We use patent data that are derived from the OECD dataset (2018)

And we assigned patent to 658 technological classes (4-digit CPC)

led Technological Ad ge (RTA)
« Based on data, We calculate the Revealed Technological Advantage (RTA).

Keid BeXei
LiXei /B EiXes

* Where ¢ stands for country, { stands for technology class, and X stands for number of patents.

RTA, =

« RTA provides an indication of the relative specialization of a given country in selected technological domains.
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Data and measurement

Proximity

To analyze the diversification patterns of countries, We measured the distance between technology by the
conditional probability of RTA

Proximity can be measured between two technologies by the probability of a country of having comparative
advantage in one technology given comparative advantage in another

If technology {and j are close, a country having advantage in technology /is likely to have an advantage in
technology . and vice versa

@iy = min{P{RTA, = 1| RTA,; = 1).P(RTA, = 1 | RTA,; = 1)}

Since the conditional probability is not a symmetric measure, the minimum of the pairs of conditional
probabilities is calculated as proximity

@ousana

Data and measurement

Density

« Because proximity is a measurement between two technologies, it is possible to calculate proximity of a
technologies with every other technology.

« Density is calculated by dividing the sum of all proximities between a technology and other technologies with
RTA by sum of all proximity linked to that particular technology.

= The concept of density shows how the country’s current technologles surrounds a particular technology.
1iIfRTA; 21

el _
7 lo  otherwise

Frequency of Cooperation [FOC)

« We utilized patent data from WIPO to calculate and Frequency of Cooperation (FOC) using the number of grants
patents in each ather's countries.

« This would allow us to measure not only how much patent exchange there is between countries, but aiso how
likely they are to cooperate.

Briaua

Data and measurement

®

Technological complexity index (TCl) & Economic complexity index (ECI)

= Combining information on (1) which countries produce specific technologies and (2) how common specific
technologies are across ies, it s p ble to the technological complexity of a nation's technological
portfolio for a given period of time.

Technological Complexity Index (TCI): A technology-specific measure that ranks the Diversity and Ubiquity of the
knowledge required for having this technalogy. It is determined by an iteration between the average Diversity of
countries that have the technology, and the average Ubiquity of the other technologies that these countries have.

Economic Complexity index (ECI): A country-specific measure that captures how complex a nation's technology
basket is. It is calculated as the average TCI of those technologies in which the place shows an RTA equal or greater
than one.

TCl is high when anly a few very complex countries have a comparative advantage in technology i

G Mo M 1 if ATA; = Lin country c
ECl :Z —=\rer, Tcy, :Z ECH M=
i { (24 Mﬂ) * b H (Ec My B = {U otherwise

JE Hgtea
o =jojexae
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Measuring cooperation synergy

® Cooperation synergy index [C5I)

2 CountryT -
ol ]

Country? ineed TECH 1)
1| i
Collaboration in TECH 1 {T1) dny| dry| diy
(Country2 can use density of T1) diy| dgE dff
il i e il el
Rrog Rk o
2] HE] T4 75 T8
- Having capability technology list (RTA = 1}
ot Having technology capability list (RTA < 1)
¥ df : Density of Technology i in Country ©

p

Cooperation synergy index (CSI) :
CSlgye = Lo + Bydf? = df} +df} + df) +df + 4 + 4

= {Ty ¢ technology needed by £2),§ = (T, : technology needed by 1}

Courntry2
. Having technolagy capability (RTA > 1)
O Not having technology capability (RTA < 1)

Measuring cooperation synergy

® Cooperation synergy index (C5Sl1)
= Simply sum of density of other countries' technologies that a country can use from cooperation.
s 1 x4 =Ty : technology needed by £2},
CSlever = Ledit + 5™ 0 (ohnology needed by £1)
* Weighted Cooperation synergy index {(W-C5I)

= Cooperation synergy index weighted by TCI : To reflect the complexity of the technology. we multiplied the density
of the technology being collaborated on by its corresponding TCIL
_ i ={Ty : technology needed by £2),
W= CSlercr = 5, - TCL + 3, d:? "TCly .+ §— {7, : technology needed by £1)

* Frequency-Weighted Cooperation synergy index (FW-CSI)

« WCSI reflecting Frequency of Cooperation (FOC) : Multiply the WCSI by the FOC obtained from the volume of
bilateral patent application.
. . i= (T : technology needed by €2},
FW — €51gyce = (S TCH + Bdf? - TCL) X FOCeca s 1= (1)« technology needed by C1)

Bugana

List of possible critical technologies for cooperation

» |dentifying cooperative technology between countryl (C1) and country2 (C2)
= 4 criteria
¥ Technology's RTA < 1in C1
¥ Lower than average density of technologies in C1

+  Technology's RTA > 1in C2
¥ Technologies with High TCI values (used for pricritizing)

= By applying these criteria, pricritized technologies for countries' cooperation can be identified.

Institute for Future Strategy
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Result of analysis
for cooperation synergy

Data analysis for cooperative technology sovereignty

» Analysis process

Based on OECD stat, we had a list of 100 countries as of 2018, but to simplify the model, we limited it to the
top 37 countries that have some level of patents regardiess of the item.

Based on the RTAs of countries, We identified the technologies that each country needs (RTA < 1). In addition,
we identified countries with an advantage in this technology (RTA = 1) and calculated the sum of the densities
that could be achieved if the two countries coliaborated.

# By considering RTA {revealed technology advantage) and density, We can determine the potential amount
of density that can be acquired through cooperation with partiners (Balland & Boschma, 2021).

# Summing Density can be interpreted as the ability to utilize not only the cooperating country's technology
but also related technologies in technological cooperation.

By measuring cooperation synergy index, we explored potential partners for technology cooperation.

Analyzing the Germany-Korea case, we identified a list of possible critical technologies for cooperation
between the two countries.

R
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Exploring potential partners for technology cooperation

® Measuring cooperation synergy by CSi <Fig. Cooperation smengy |C51) heatmaps
w fm] " i

* To measure the synergy of the cooperation, We calculated the i !_ L _;
combined density that occurs when both countries cooperate together.

* Cooperation synergy index (CSI)

. £= 1T + technalogy needed by €2},
CSlpy e = Sydi + 5 df”, = 1T, + teckmnlogy needed by £1)

Rank CooperationPartner €51 Rank CooperationPartner  CSI
1 PN - LUSA 260.3877 1 DEL - HKG 191 9002
2 DEU - LiSa, 258 548 12 DEL - IRL 163
3 FRA - USA 2225216 1 CAN - FRA 191.1380
4 1A - USh 2135045 1a CHE - USA 191 3226
5 CAN - JEN 199 5924 15 DEU - ZAF 103114
3 DEU - 158 1986757 16 DEU - 10 1901604
7 AUT - LSA 189 0588 17 DEL - KOR 183 6160
[ DELI - CHY 195 5756 18 DELI - RS 1887863
g DEU - AUS 1944782 i RS TV, 185 488
i) DBV . FRT 193.1565 20 DEU - HUN 85 363 DEU KOR

)

Exploring potential partners for technology cooperation

* Measuring cooperation synergy by W-CSI <Fig. Cooperation synergy [WCSI) heatmaps

1 e & n ]

= Toreflect the complexity of the technology, we multiplied the density

of the technology being collaborated on by its coresponding TCIL '

= Cooperation synergy index weighted by TCI (W-CS1) LEU
= [T : technology needed by £2),

WESIgy o = By - TEI + T, df? -TCHy o 12 (1) chmalogy reviod by £1) 0

Rank Cooperation Partner  WCSI Rank Cooperation Partner  WESI

1 Ty 1246658 n DEL . 1SR se2m.m
2 DEL - USA 1220338 12 DEU - CHN 8146 61
] FRA - USA, ToeEn.5a 11 CAN - CHE 5054 85
] DEL - CAN 1039178 18 HOR - LA saz30
] ITA - usA 1021386 18 CHE - USA BOZETE
& CAN - FRA 100274 14 RN CHY B902.30
T o IR 1007814 it} FRA - TWN Basg 12
] DEL - AUS anTar 18 DEL - KOR BTE0.86
] AUS PN 109 il TAN-ITA BT85.41

AUT - USA Ty El DEL - L BTE0.35

a
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Exploring potential partners for technology cooperation

+ Measuring cooperation synergy by FW-CSI

= Multiply the WCSI by the FOC obtained from the volume of bilateral

patent application.

= Frequency-Weighted Cooperation synergy index (FWCSI)

FWESlyy o = (B df TCH + E,df - TCL) % FOCy 1

Rank Cooperation Partner  FWCSI  Rank  Cooperation Partmer  FWCSI
PRI

1 -usA =05915208 n 180 - UsA spazEIeE
= CHN - SA 37933627 1 ALS - LSA S4803268
3 HOR - LUSA 251286784 11 DEL - JBN AsEEOTTT
o DEW - USA 214588373 o ISR USA ACOSTAIS
5 CHN - JBN 165857725 15 HKG - USA 228017
& CAN- USA 05615356 15 MEX - USA 32406423
% DEU - GHN 22585906 b RUS - USA ETH
] FRA . USA T3085508 AL} 1A LISA ZEST0Z
3 B2491854 19 DEU - KOR 2793388
10 EZ406121 20 CHN - FRA 26104268

AR

o o

<Fig. Conperation synergy [FWCSH heatmap>
- s

di __

List of possible critical technologies for cooperation between DEU-KOR

» Criteria for technologies needed for cooperation in Germany

*= Technofogy's RTA < 1 in Garmany

*  Lower than average density of technologies in Germany

* Tachnology's RTA = 1 in Korea
*  High TCI values

» Target technologies for ion

= Semiconductor (GOZE, GOSF, HO3L, HOZM)

*  Telecommunications technology (HO4B, HOAM, HO4W)

*  Nanotechnology (BEZY)
= Display [COOK)

Top 10 tec for © 1 from Korea to ¥

Ka. Code ript

E i St s e eppl s o ol mursimi e
= cogw | Meterisls lor sppicatons not ctherwise proided for; sppicators of

matiriak not othermise provided for

3 Glizg Optical elements, systems o apparats

4 Grst “ysems far reguiating decin o magnete varlaties:

5 Goet \mage data processing or generatian, R general

E H Derieraions of eirtrovic st i o puises

7 Hoam Cading, cecosing or coce conversian, in general

[ HaaE

] HOAM Telephonic communication

w | Hoaw Wirele

List of possible critical technologies for cooperation between DEU-KOR

e Criteria for tech

logi ded for c

tion in South Korea

*  Technology's RTA < 1 in Korea

*  Technology's RTA = 1 in Germany
® High TCI values

h

* Targett

logies for p

*  Biotechnology

(ADIN, ABIL, ABTM, ABTP, AB10, COTK, C12P)

*  Sensor and measurement technology
(G0N, GO1S, GOTS)
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Conclusion

: o Top 10 technologies for cooperation from Germany to Korea
*  Lower than average density of technologies in South Korea  —= —

Cade
7 | Peesenvation of bedins of humans. or armals ar planks or parts herect
niocides
2 | amlL Nicthocs o apparatus for or atyercts i general
3 | aEin Dimaces for introducing medka o, or o, the bocy
o e Spociic therapeLtc aciuty of chemical compounds o mediinal
5 | amin e simier
5 | cow Poptides
a desred
T | o o fr
2 racemic mistre
: Iy “zhemical or
8 | sow bl e
4 it velncty by use af rado waes
1@ | Gose | Timeoranendance regstors; regatering or nCatig the working of
nachinge;
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® The competition for t

the U.S. and China has intensified the interest

in “critical technologies” to secure technological sovereignty of each country, but there is a risk that it

may develop into a narrow perspective of individual countries.

#® A new definition of critical technol

technological sovereignty" is needed in light of the theoretical background of technological

that includ

Tuti

the

Sk

ptual attributes of "cooperative

hacad tachinal 1

such as

and

14

cases.

technalogical innovation.

p

Motivation for cross-border technology alliances is increasing, this trend is already becoming apparent.

It is necessary to reduce international waste in technology development and increase the pace of global

Mational critical technology is “a technology thal is considered pivotal to the current industrial and innovation

ecosystem or is expected to have a significant impact on the futwre ecosystem, depending on the priority of each
national interest and the national position within the global production and innovation ecosystem”.
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