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ABSTRACT

The importance of fostering climate change experts is emphasized in international agreements like UNFCCC and SDGs,
as well as in domestic legislation such as Framework Act on Carbon Neutrality and Green Growth for Coping with Climate
Crisis and Act on Promotion of Technology Development for Coping with Climate Change. Also, it is important for climate
change experts who can immediately engage in research and industries to contribute to climate change response and
cooperation. In this respect, this research analyzed the graduate school curriculum of government-funded research institutes
(University of Science and Technology, “UST”) based on the climate technology classification and the Keywords of Article
2 of Framework Act on Carbon Neutrality and Green Growth for Coping with Climate Crisis. The UST curriculum related
to climate change was classified into three fields: technology, policy, and international cooperation. Most of the UST
curriculum belonged to the technology field(90.4%), with climate change mitigation technologies being dominant(67.7% of
the technology field), such as power storage, photovoltaic power, and fuel cells. Policy-related curricula mainly focused on
studying policy trends, while curricula on designing policy for climate change response were insufficient. Additionally, the
field of international cooperation comprised only 0.6%, or 1 out of 167, curricula. Furthermore, similar courses were offered
at several institutions. Therefore, not only mitigation, but also adaptation and convergence technology should be considered
together as the curriculum for climate change response technology. In addition, the curriculum in the fields of policy and
international cooperation should be expanded, and it is important to foster experts with integrated knowledge in the fields

of technology, policy, and international cooperation.
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Table 1. List of government projects for fostering climate change experts (Master and Ph.D.) by ministry (23.8)

Ministry

Project

Details

Ministry of Science and
ICT (MIST)

Human resources development pilot program

to climate technology

Hydrogen technology, Energy - environment technology-policy

Korea Forest Service
(KFS)

Graduate school specialized in carbon sinks

Management and improvement of carbon sinks

Ministry of Environment
(ME)

Graduate school specialized in climate change | Adaptation to climate change, Greenhouse gas reduction

Graduate school specialized in carbon

neutrality

Assessing the effectiveness and implementation of carbon neutral

technologies and policies

Graduate school specialized in waste to

energy

Waste (combustible, organic) to energy technology

Graduate school specialized in green

convergence technology

Green restoration, post-plastic, green finance, etc

fine dust

Graduate school specialized in management of | Measurement, analysis, interpretation, and reduction of air

pollution, etc

Graduate school specialized in

knowledge-based environmental services

Environment strategic management, Environment technology

management, ESG management, etc

Graduate school specialized in integrated

environmental management

Integrated environmental management system to minimize

pollutant emissions

Ministry of Education
(MOE)

BK
21

Future human resources project

Agricultural - fishery products, Eco-friendly energy resources

Innovation human resources project

New energy industry, smart system for Climate-Marine

Environment-Disaster

Source : web pages of MIST, KFS, ME and MOE ('23.8)
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Table 2. Status of national universities of science and technology based on national research institutes
(examples)

Country

Campus

Details

u.s.

Scripps Research Education

& Training

The Graduate School of Chemical and Biological Sciences offers a top 10 Ph.D. program that
supports graduate students in making influential discoveries at the interface of chemistry and
biology. Young scientists with a Ph.D. can explore a wide range of opportunities to develop

expertise as postdoctoral researchers in one of over 150 labs.

u.sS

Cold Spring Harbor
Laboratory (CSHL)

The newly developed Postbaccalaureate Research Education Program(PREP), funded by
National Institute of General Medical Sciences (NIGMs), provides research experiences in the
field of cancer, neuroscience, genomics, quantitative biology, and plant biology. It offers
extensive mentoring, coursework, and specialized technical development workshops for students

interested in academic pursuits.

Japan

Sokendai

Research institutions, including university shared facilities, provide nationwide researchers with
large-scale faciliteis, equipment, massive data, and valuable information that individual
universities cannot afford to maintain. At the same time, Sokendai plays a crucial roal as
research hubs driving advanced academic achievements in Japan through diverse collaborative

research with domestic and international researchers.

German

Helmbholtz

With an annual budget of 5 billion euros and long-term, interdisciplinary research programs,
Helmbholts is one of the leading international research institutions.

The scientists at Helmholtz work in 18 research centers in the local community, utilizing a
unique global research infrastructure and benefiting from modern research management. They
share strengths in six research fields: energy, earth and environment, health, information,

aerospace, and transportation, as well as materials.

German

International Max Planck
Research Schools (IMPRS)

Currently, there are 69 IMPRS.These research schools are established by one or more Max
Planck Institues. However, these IMPRs closely collaborate with universities and other research
institutions. This provides a special framework for graduate students and offers significant
advantages in interdisplinary research projects or projects requiring specialized equipment.

Currenly, approximately 80 Max Planck Institutes are associated with IMPRS.

Israel

Weizmann Institute of

Science

The hallmark of research conducted at the Weizmann Institute of Science is its interdisplinary
nature. Biologists, chemists, mathematicians, computer scientisits, and physicists from 250
research labs, led by principal investigators, spearhead thousands of studies that contribute to

the ongoing expansion of understanding in practical applications and the broader world.

South Korea

University of Science and
Technology (UST)

UST aims to foster practical and creative talent by leading the development of core and
foundational technologies and driving innovation in industrial technology through field-centric
education and research activities in interdisplinary convergence technology fields. UST is a
national research institute graduate school that imparts educational functions to 32 national
research institutes in the field of science and technology. It aims to nurture further talents who

will lead South Korea’s science and technology sector.

Source :

web pages of Scripss research Education & Training, CSHL, Sokendai, Helmholtz, IMPRS, Weizmann Institute of Science, and UST
('24.2)

Journal of Climate Change Research 2024, Vol. 15, No. 2



QZeLE P AFEoR oUX, AT W B, A
% AR, FF9F, &5, 2211 24 5 67 RRolth

e

3
International Max Planck Research Schools (IMPRS)
AR 69712 o] HTE st St o]t A &
AFA(Max Planck Institues)o]l 2] AHE} JAY
807119 9 S AF47F IMPRSSE AA =] QL
122t Weizmann 8} AFA0A 5= A
2 SHAIA A0 low 250719 AFAolA &
o] A+E Fkota Sl

=4 USTE 327 AEEAAF400 A-Hha
152 Agsto], a4 2 A 7] S F
AH 8 71 ZokllA @8 49 & 4 A
B9l A 7e g4AlS = 2

Al 1A 542 Hst
ojg% w7HRE HFoh= V& ¥ I7HAF A
ol Aol7b o, =7HATA 7REY] WS
goll Jzts FA9 uSS AFoto] HRlE FH53
o= AN AFE AAHL B 7RE 2A Si4E
& F50°| 7Fssith= 3ol Stk

o0 lo ©oe [ df
AL o
1o, o

N

ih

)

i3

i

N =

X o
o

r

N, Job o of

2.3. I IF71AFAHEHUST) BEZAH X 2F M

USTE 3sp7|&iol JR2A771% 59 488
2 g0 T WH(Act No. 18796) A332] TAES

3

T3 9lon, 20039 104 WSAHALE(H w7
o 59U ol Frledor AEded

SAT. UST= Hep7|eA &dse] o
bl 3
il
3|

4

L 9 o
1 o
H
o,

o

FAM U HEF A 8

R

N,

(o]
gy
o 12

) OIH rlr ﬂIlO gl
fo L I

q_

ol Folot.

D) B2EFY/REL 715710 Az G dus] st £A7A A% B A9 AeTiue Jeksta
% st w747 Sasge] 84 - 21 BHSE Bl AR

B BFA TS & e A -S54 - AEH 285S

: REAHFAO| OiSHE WSIYE SHC=2 227

USTE B3b]eA] 299014 S919S 2ostol
Yo7|sRore] AEALS Yo, UST § 23]
EE

&

wEw o 7 A $8714 Hobd @934
ATBES Fotel WA UN7|& TN 4A7E
A AEshs RFoln FolHel P S B

o,

H

ro

3.1, el

TS S-S TAFY olfolet A TERE
W 508 JoE F7bd A9l 47 e e
Zedo] /1% - 4] Wot W A ATE FEAom
Sgste, B Hof 1EANYAHY BHOR USTE &
Jatchs Hold, USTE 29 591 A7/ % 3279
AFLETYE FHO= 71 Tust Bl 1g AFE B
Hstsict.

3.2, g

3.2.1. Witg g oY

WAL UST A53F W Agnds AAE dde
2 Stk AR A VEo 2 BASHYIEY Az
o] 9 174 W &ol(F= Table ANE 7|HER &5}
of 2A7IA A5 9 71F7] ASHA dek Pz
gagy A, sA7e - A4dY %4 - A H 243,
TAAEY A&7 T S5 2 wiES Ve,
A, IAEY wokz AESIR o, Yle2ore] B¢
7 ASAYL 71571&4H4S A (No. 442001)2] A} -
249 7|0l H= 7157leE 7 A A (Han et al., 2019)
| T A, A, a5 370 2oket 457 VIeR &
SEATE UST adpso] g423H7|8H 9 7|37ed
AAC sigshs 7I9E7E 28 37 7SS
d wpgor xgste] 24 gidez A4shid

e

1 4

o

dagH ARIR9 o]

FH49 232 THS RPN, A At T A 49 g wolx AL VFAAE EEshH IAALS] A&7)
LA oEAlshe A FAMAIR)LR st VF7] digE A% Ve, BE, SAEY 2ol =82 2T 93 Ak

2) 717 1ed R AAE A EEAT - SIS ES7ISA7ed )7t 85t S7eleAE el T1eledd 371
F ALE Bge g 45719 7Rrled BRStELT, s 79Tle YA £ B 7197e - SAIEY BARANEA, V1%
SIS 7 89 FaAtE 5o2 Z-8HAl Ylth(Han, 2022b).

http://www.ekscc.re.kr



228 0[stg - Hfol= - ZX|0f
3.2.2. I‘IXH/EI-"OJE?I uorg |' I'g |=_§<5F _E_A—-! I:C|>I‘l:I;I-| International

UST 2= sjde Ediz 4

;311 L3S SHAELE O-‘—jr,} ;<04_1|l Zz23 .1163.3317]. =9

WEF(KICT ’\3)’ A Oqioﬂbﬂxl ?Pﬂ Q15 9 BE
SHKIER £&F) 53 o] ZH, A=, A9 uid, A,
1, A9, ARy 59 Wi8ol s 23E Afol=
E3KTrend) SFOog HESQoH, <Isr|&HA=
(ETRI A2y, 71&84] - A - A SE(ETRI &F) 534
ol A 71, 9, B, AF59 59 8ol it
o] ZtE AL AA|(Design) FFOE BEF5HYTH

A GG Eore] w2 UST HA matabAofA 1
Aoz gelEo] g WIES B4 24 A, o
I HolA A, AIFEE, 7IEworE A vF= 4

= A gstert.

9 o5 Boko] WikE 4o 5

3.2.3. 712718 20rE utiby g 24 Uy
71571 2ok waaty dge 7197le ERAA
= 7|22 ofo] HERES, 438, 5%, (14

M 3% 770, A 67N, SR 17, ARERESA: 1E

270, AL 187, 8% /Y RATY B BHGY

o 24 A, 3 ZaEo| ofe ARER] HTY FS

AIE o] 2 A E DHE 5 )Eo

A9 100] sl ARERE dos AT wts
o aE Ar)Ee BAsET

4, A1ZL

4.1, RROIE /A IA)Y DAY 2N

JlFst B @aEe J1&Bopt 90.4%(15170),
AR 0.0%(157), FABSE 0.6% (172
UehdthFie. 1| B3, ol% §3, 7ustel B
WAL J)&Rol 9152 FAso] glom, HALe}
9 FAYL R R Y 7 AP B2
& % 9t

42. ¥/ INHY 2opE WY #g

7\ 5usiel BelE ABEcl WIEL s7) AMAT

3) dRoHAMS B4 BAL W=

2 71Er 249 F710] 2%t sjFed WA Bt g

Cooperation
1(0.6%) 4
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Table 3. Number of UST curricula according to the policy and international cooperation categories (23.8)

Number of courses
Campus Major Policy International Total
Trend Design cooperation
KICT Civil and environmental engineering 2 1 - 3
KIER Energy engineering 1 - - 1
ETRI Science and technology management policy 3 5 - 8
KRRI Transportation system engineering 1 - - 1
KIOST Marine technology and convergence engineering 2 - 1 3
9 6
Total 1 16
15

Table 4. Number of curricula according to climate technology section (Han et al., 2019)

s . Number of
Category Division Section
courses
1. Nuclear power 6
(1) Non-renewable ]
2. Nuclear fusion power 7
energy
3. Clean thermal power & efficiency 8
4. Hydropower 3
5. Photovoltaic power 15
Energy Power 6. Solar heat 5
production generation
7. Geothermal power 5
& & (2) Renewable energy
supply conversion 8. Wind power 5
9. Ocean energy 4
Green house 10. Bio energy 11
Mitigation gas
mitigation 11. Waste 9
12. Hydrogen manufacturing 6
(3) New energy
13. Fuel cell 15
14. Power storage 20
(4) Energy storage
Energy storage 15. Hydrogen storage 1
& —
" (5) Transmission & 16. Transmission & distribution system 2
ransport P
distribution
& power IT 17. Intelligent electric device 4
18. Transport efficiency 9
(6) Energy demand 19. Industrial efficiency 11
20. Building efficiency 0

http://www.ekscc.re.kr
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s . Number of
Category Division Section
courses
21. CCUS 5
(7) Greenhouse gas sequestration
22. Non-CO, mitigation 0
23. Gereric Resources & genetic improvement 2
24. Crop cultivation & production 3
(8) Agriculture & livestock
25. Livestock disease control 0
26. Processing, storage & distribution 2
27. Water system & aquatic ecosystem 4
28. Water resource security & supply 11
(9) Water management o w "
. Water treatment
30. Water disaster control 0
31. Climate change forecast & modeling 3
Adaptation (10) Climate change forecast & monitoring
32. Climate information & warning system 5
33. Ocean ecosystem 9
(11) Ocean, marine & offshore management 34. Marine resources 1
35. Offshore disaster control 4
36. Contagious disease control 11
(12) Health care
37. Food safety & prevention 3
38. Productive forest improvement 0
(13) Forest & land management 39. Forest damage mitigation 0
40. Ecosystem monitoring & recovery 0
41. New and renewable energy hybrid 1
Mitigation/ 42. Low power consumption equipment 0
adaptation (14) Mixture of multiple areas 43. Energy harvesting 2
convergencq 44. Artificial photosynthesis 0
45. Other technologies related to climate change 0
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Fig. 2. Number of UST curricula according to the
climate technology categories (23.8)
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Fig. 3. (a) Status of UST curricula in mitigation,
(b) Status of UST curricula in adaptation
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Table 5. List of top 10% climate technology sections by number of courses ('23.8)

Rank Categories Division Section Number of courses
1 Mitigation Energy storage Power storage 20
2 Mitigation Renewable energy Photovoltaic power 15
2 Mitigation New energy Fuel cell 15
4 Mitigation Renewable energy Bio energy 11
4 Mitigation Energy demand Industrial efficiency 11
4 Adaptation Water management Water resource security & supply 11
4 Adaptation Water management Water treatment 11
4 Adaptation Health care Contagious disease control 11
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® Water treatment
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Fig. 4. Status of operating curricula about top 10% climate technology section by research institution (23.8)
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Appendix 1. "FRAMEWORK ACT ON CARBON NEUTRALITY AND GREEN GROWTH FOR COPING WITH
CLIMATE CRISIS (Act No. 19208), Article 2 (Definitions)

Terms

Defined

climate change

a change in the climate system caused by increased concentrations of greenhouse gases as a consequence
of human activities, which occurs in addition to natural climate change that has been observed during a

considerable period of time

climate crisis

a state in need of a radical reduction of greenhouse gases because climate change is posing an irreversible
risk to human civilization, including water deficiency, food shortage, ocean oxidization, sea level rise,

ecosystem collapse as well as extreme weather conditions

carbon neutrality

means a state where greenhouse gas emissions emitted, released, or leaked out into the atmosphere become

net-zero as they are offset by greenhouse gas absorption elsewhere

carbon neutral society

a society in which people lower or eliminate dependence on fossil fuels and lay the foundation for finance,
technology, system, etc. for adaptation to climate crisis and just transition to smoothly achieve carbon

neutrality and prevent and minimize damage and adverse effects that may arise in the process

greenhouse gas

means any gaseous matter in the atmosphere which absorbs or re-emits radiant heat to cause greenhouse
effects, including carbon dioxide (CO2), methane (CH4), nitrous oxide (N20), hydrofluorocarbon (HFCs),

perfluorocarbon (PFCs), sulfur hexafluoride (SF6), and other substances specified by Presidential Decree

greenhouse gas emission

direct emission of greenhouse gases, which are emitted, released, or leaked out in the course of human
activities, as well as indirect emission of greenhouse gases, which are induced by using electricity or heat

(limited to heat using fuels or electricity as a heat source) supplied from other persons

greenhouse gas reduction

all kinds of activities to reduce or absorb greenhouse gas emissions to alleviate or delay climate change

greenhouse gas

absorption

greenhouse gases are removed from the atmosphere by means of land utilization, changes in land utilization,

forestry activities, etc.

new and

renewable energy

new and renewable energy defined in subparagraphs 1 and 2 of Article 2 of the Act on the Promotion of

the Development, Use and Diffusion of New and Renewable Energy

energy conversion

converting the entire system of producing, transferring, and consuming energy to cope with climate crisis
(referring to a series of activities to address climate crisis, such as reduction of greenhouse gases, adaptation
to climate change, and establishment of related infrastructure; hereinafter the same shall apply) and to pursue

environmental protection, safety, energy security, and sustainability

adaptation to climate

crisis

all kinds of activities to reduce the vulnerability to climate crisis and enhance adaptability and resilience
to health damage and natural disasters caused by climate crisis, to minimize the current or foreseeable ripple
effects and impacts of the climate crisis or to turn them into opportunities to take advantage of the climate

crisis

climate justice

to acknowledge that each social group has different share of responsibility for greenhouse gas emissions
causing climate change, and to ensure that all interested parties equally and substantially participate in the
decision-making process to overcome the climate crisis and fairly distribute the burden of transition to a
carbon neutral society and benefits of green growth according to their disproportionate share of responsibility

for climate change, thereby ensuring equality between different socio-economic groups and generations

just transition

a policy direction-setting for protecting workers, farmers, small and medium entrepreneurs, etc. in regions
or industries that could suffer direct or indirect damage in the course of transition to a carbon neutral
society, to make the society share the burden caused in the transition process and minimize damage to the

vulnerable social groups
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No Terms Defined

an economic growth in harmony with the environment, which can be achieved by saving and efficiently

using energy and resources to mitigate climate change and environmental damage, and securing new growth
14 green growth . . . .

engines and creating job opportunities through research and development of clean energy and green

technology

an economy where the use of fossil fuels is phased out and green technology and green industry are fostered
15 green economy . . .

to strengthen the national competitiveness and pursue sustainable development

a technology to achieve carbon neutrality and promote green growth by replacing the use of fossil fuels

and using energy and resources more efficiently throughout the entire process of social and economic
16 green technology activities, which includes a technology to cope with climate change, technology for efficient use of energy,

clean production technology, technology for new and renewable energy, technology for resources circulation,

and eco-friendly technology

all kinds of industries for realizing carbon neutrality and facilitating green growth by replacing the use of
17 green industry fossil fuels generating greenhouse gas emissions, enhancing the efficient use of energy and resources, and

producing goods and providing services to improve the environment
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