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Carbon dioxide valorization via synthesis of dialkyl carbonate applicable

to nonflammable electrolyte

— Carbon capture, utilization and storage (CCUS) is a crucial strategy to put the world
on the path to net—zero emissions. Among the CCUS technologies, the application of
carbon dioxide to the component of Li—ion batteries is a promising technology that
contributes to meeting carbon—neutral goals and improving battery safety. Here, we
propose a bis(2—methoxyethyl)carbonate (BMEC) as a practical and safe electrolyte
that successfully balances the flammability and ion conductivity to resolve the battery
safety issue immediately. Unlike using flame—retardants (e.g., organic phosphates) as
additives or adapting fluorine chemistry with a high synthetic cost and inherent
toxicity, BMEC merits its suitable electrolyte, including ease of synthesis, economical
cost, and compatibility with commercial electrodes. BMEC can be synthesized via
carboxylation or oxidative carbonylation of 2—methoxyethanol (MEG). Both approaches
will be regarded, and the oxidative carbonylation of MEG is the most feasible reaction
owing to high atomic efficacy, and carboxylation of alcohols is the essential emerging

technology.
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Design for high energy density and high power of lithium polyanion compounds

for high safe lithium-ion batteries

Minkyung Kim*

Kwangwoon University

Lithium transition metal oxides (LiTMO,) is popular cathode due to their high
energy densities. However, their low structural stability involving oxygen
evolution is remaining as a challenge. The oxygen can make the lithium-ion
batteries swelling and even exploded. Particularly, as increasing nickel content in
lithium transition metal oxides, the issue becomes serious. Unlike LiTMO,,
Polyanion compounds such as LiTMAO, (TM=Fe, V, Ti and A=P, S) has
relatively high structural stability due to its strong covalent bonds and
three-dimensional framework. Thus, polyanion cathodes have much less oxygen
evolution than layered oxides so that they can secure high safety in lithium-ion
batteries. Due to its big advantage, Tesla already applies a representative
polyanion cathode, LiFePO, in their electric vehicles. However, low capacity and
energy density of the polyanion compound are weakness due to heavy anion

such as P and S and large volume to surface ratio from nano-sizing.

This presentation will introduce a design for high energy density polyanion
compounds. Firstly, introduction of fluorine can enhance operating voltage.
Fluorophosphates have high energy density among polyanion compounds.
Secondly, multi-redox transition metal should be considered to increase energy
density effectively. Lithium-rich vanadium fluorophosphate was developed. Lastly,
broadening particle size distribution can be another method to increase volume to
surface ratio. Using the design strategies, new polyanion cathode with high

stability and energy density can be developed.
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Design of organic materials for post—Ilithium—ion batteries
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Lithium—ion batteries (LIBs), composed of lithium—containing oxide cathodes and
graphite anodes, have powered the most mobile devices due to their high power and
energy density compared to other battery types. Since the advent of LIBs, there is
growing demand for even higher energy density to power mobile devices with
increased power consumption and to extend the driving mileage of electric vehicles
(EVs). Although battery suppliers have endeavored to increase the energy density of
LIBs for past decades, the practical energy density of LIBs is reaching the theoretical
limit based on the active materials.

A dramatic increase in the energy density requires new redox chemistries beyond the
conventional ‘intercalation’ mechanism. The redox behaviors caused by new chemistries
are distinct from those in the conventional host materials, leading to uncontrolled side
reactions and short lifetime. The primary factors responsible for the low reversibility
are instabilities during the redox reaction of active materials and uncontrolled side
reactions at the electrode/electrolyte interface. I have focused on the development and
analysis of novel organic materials for post Li—ion batteries. In this presentation, the
concepts of organic molecules and their working principles in Li metal and Al batteries

will be discussed.
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Strategies for designing high—energy-density aqueous Zn-ion batteries
Energy
Chanhoon Kim”
Korea Institute of Industrial Technology, ‘Sustainable Technology and Wellness R&D
Group

Aqueous zinc-ion batteries (ZIBs) have been considered the most promising alternative
to lithium-ion batteries for large—scale applications regarding safety, productivity, and
economic and ecological aspects. Furthermore, directly employing metallic Zn foil as an
anode and using aqueous electrolytes significantly simplifies battery manufacturing. To
accelerate the industrialization and commercialization of aqueous ZIBs, high energy
density must be achieved. Here, our strategies of stabilizing Zn anodes and utilizing
thick cathodes for enhancing the overall energy density of aqueous ZIBs are introduced.
We will discuss 3D structuring and introducing functional surface layers for For Zn
anodes. Furthermore, realizing thick cathodes by controlling the hydrophilicity of binders
will also be described. Overall, our findings significantly enhance the energy density and

contribute to the development of practical zinc-ion batteries.
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Cathode electrolyte interphase layer for mitigating intertwined chemical
and mechanical degradation for sulfide—based solid—state batteries

Chanhyun Park - Juho Lee - Sangpyo Lee - Yu Jin Han® - Jinsoo Kim"* - Sung—Kyun
Jung*
School of Energy and Chemical Engineering, Ulsan National Institute of Science and
Technology (UNIST)
“Ulsan Advanced Energy Technology R&D Center, Korea Institute of Energy Research

*Corresponding Author

In the midst of the replacement of internal combustion engine vehicles with electric
vehicles (EVs) in an effort to decarbonize vehicles worldwide by 2050, solid—state
batteries (SSBs) are an emerging system beyond current lithium—ion batteries (LIBs)
owing to their high energy density and safety. Solid electrolytes are attracting intense
attention as lithium metal with high energy density can be used as an anode.
Sulfide—based solid electrolytes are particularly in the spotlight due to their high ionic
conductivity, excellent mechanical properties, and low gravimetric density. However,
these materials inherently have chronic issues at the cathode interface such as the
chemical reactivity of sulfur ion (S?7) inducing oxidation decomposition and
mechanical—contact detachment with the cathode particles leading to deterioration of
the ion—conducting percolation path due to the reversible volume change of the
cathode during charge and discharge. Herein, we suggest a strategy to mitigate both
the chemical and mechanical degradation simultaneously by incorporating organic—based
compounds (lithium difluorobis(oxalato)phosphate, LiDFBOP) that can form an artificial
cathode-electrolyte interphase (CEI) layer during electrochemical cycling. The
introduction of the cathode coating layer suppressed the kinetics of chemical
degradation and the formation of LiCl by oxidative decomposition of the sulfide solid
electrolyte at the cathode-solid electrolyte interface. The CEI layer proves the
mitigating effect of mechanical contact loss even under low stack pressure (< 1 MPa)
by inducing homogeneous void formation in contrast to heterogeneous void formation of
the bare sample. The dual functionality of the LiDFBOP-—originated organic layer
electrochemically translates into significantly stabilized cycling performance (~35%
improvement in the capacity retention). With these findings, we not only suggest the
feasibility of organic coating materials as novel coating materials for SSB systems but
also provide an in—depth understanding of the degradation behavior at the cathode-solid
electrolyte interface.
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Research for Operation of Reversible Li—0O, Battery
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Multiphysics—based computational science for designing energy materials

Duho Kim
Department of Mechanical Engineering (Integrated Engineering Program),

Kyung Hee University

A growing demand for electric vehicles and energy storage systems requires further
performance improvement of lithium-ion batteries and development of alternative energy
storage technologies. Along this line, many companies and researchers are trying to
build energy-related material design platform to reduce the time needed to discover new
materials and enhance material properties. Along this line, computational science has
been considered a very important approach in designing battery materials and will play
a critical role in providing systematic and rational solutions to overcome energy density
limitations with cycle life and fast charging properties for the currentmaterials used in
rechargeable batteries.In this talk, computational science based on first—principles
calculations coupled with machine learning and screening process for designing battery
materials such as cathodes and anodes is introduced with various intriguing concepts

depending on target physics.
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Development of rare earth elements concentration process via
carbonation and mineral processing of Circulating fluidized bed coal fly

ash

Lai Quang Tuan'? . Fausto Moscoso-Pinto?. Jiwhan Ahn®*

'Department of Resources Recycling, University of Science and Technology, Korea
2Center for Mineral Processing & Metallurgy Research, Korea Institute of Geosciences

and Mineral Resources, Korea

Coal fly ash has been produced in a vast volume in the world to produce heat and
electricity. Coal fly ash disposal and management has become a concern of coal—fired
power plants and the environment. However, to some extent, coal fly ash contains
significant content of rare earth elements. Recovery of rare earth elements from coal
fly ash could release the stress on the disposal and management practices, and
produce the benefit from the recovered rare earth elements. This investigation
developed a process to concentrate the rare earth elements content in circulating
fluidized bed coal fly ash via integration of carbonation and mineral processing. The
characterization results showed that the rare earth elements are more concentrated in
the low—C, non—magnetic, and small particle sizes. There is also significant CaO
content in the fly ash due to the addition of CaCO3 for desulfurization. The
carbonation method is employed to carbonate the free CaO and this carbonate mineral
will be separated with a Denver flotator. Finally, a sequential concentration process
includes classification, magnetic separation, and carbonation using Denver flotator
followed by carbon removal and carbonate separation. As a result, the concentration of
rare earth elements of CFBC fly ash increase from 393 ppm to 445 ppm with a

recovery rate of 80 %
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Enhancing the recovery of rare earth elements from PC fly ash
using physical separation and concentration

Fausto Moscoso-Pinto! - Lai Quang Tuan' - Jiwhan Ahn'*

!Center for Mineral Processing & Metallurgy Research,

Korea Institute of Geosciences and Mineral Resources, Korea

Rare earth elements (REE) are crucial for new technology; however, do not have
effective substitutes and are scarce in the earth’'s crust. Furthermore, China
controls the production and exports of rare earth. Consequently, new alternatives to
the exploration and exploitation of rare earth from primary and secondary resources
are required. Among secondary resources, pulverized coal boiler (PCB) fly ash has
been proposed as a potential source. Conventional REE recovery methods from coal
fly ash imply the leaching using strong acids or alkalis at high temperatures.
Nevertheless, physical separation aims to separate the target minerals from the
gangue using their physical properties, concentrating the minerals, and reducing the
use of acids in the post—pretreatment stages. The main minerals contained in PCB
fly ash are quartz (d = 2.7) and mullite (d = 3.2). Gravity separation using shaking
table was made for separating these metals and analyzed where REE are attached
as a way to enhance the recovery of them. Our sample has 534.51 ppm of REE.
Besides, the content of REE in unburned carbon is negligible (4.09 %). The d80 =
42 um. Furthermore, mullite is attached to quartz so it is necessary a grinding
pre—step for a better separation degree. The initial quartz/mullite ratio is 1.70.
However, a gravity separation improved the ratio to 1.95. Finally, when the sample
1s grinded during 30 min using a rod mill, the ratio increased until 2.95. The REE
were concentrated using this physical separation technique, too. When the sample
was not grinded the REE increased to 592.41 in the concentrate. However, 30 min
grinding improved the yield to 888.15. Even at 2 hr. of grinding the quartz is not
separated from mullite. Therefore, pretreatment is required for better physical
separation..
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Towards a Circular Economy by Using Carbon Mineralization Technology
to Achieve Low Carbon Hydroponic Underground Abandoned Mine
Farming from Acid Mine Drainage

Van Duc Nguyen! - Lulit Habte! - Thriveni Thenepalli! - Ji Whan Ahn'*

ICenter for Mineral Processing & Metallurgy Research, Korea Institute of Geosciences

and Mineral Resources

Acid mine drainage (AMD) has been identified as the mining industry’s most serious
environmental issue. AMD currently uses an active water treatment method with a
neutralizer to precipitate the metal and a passive water treatment method with many
limitations. Carbon mineralization technology in this study could allow for AMD
treatment. Heavy metals can be treated within the standard and have a high efficiency
in discharging AMD. The technology aims to achieve several goals simultaneously:
AMD treatment for environmental protection, CO2 emission reduction for climate change
mitigation, and the use of AMD wastewater to achieve low-carbon hydroponic farming
in an underground abandoned mine are all possibilities. Many abandoned underground
mines are now being used as storage or landfill sites. This study is an opportunity to
reexamine how it might deal with situations, such as taking advantage of existing
infrastructure, in a productive manner. A novel low-carbon underground farming
approach is innovative for utilizing abandoned underground coal mines to contribute to
low carbon in business activities. Low-carbon underground agriculture is another viable
option for changing the mining district’s economy. The extraction industry’s limited
lifespan can be transferred to the generative industry’s infinite lifespan. This research
could aid in the resolution of a significant issue confronting today’s economies and
cultures: growing urban populations, climate change, and food production sustainability.
The ultimate goal of this work is to promote circular economy growth and collaborative

engagement in the post-mining industry.

Keywords: Carbon Mineralization; AMD treatment; Hydroponic farming; Underground

abandoned mine; Circular economy
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Recovery of intermediate by —products and recycling of NaOH from
alkali—activated solution through carbonation

Lai Quang Tuan'? . Fausto Moscoso-Pinto?. Jiwhan Ahn?*

'Department of Resources Recycling, University of Science and Technology, Korea
“Center for Mineral Processing & Metallurgy Research, Korea Institute of Geosciences

and Mineral Resources, Korea

Coal fly ash has become the most promising alternative source for rare earth
elements. The amorphous aluminosilicate is the most abundant association of rare earth
elements in fly ash. Therefore, alkali activation including roasting or leaching was
employed to break the bond between the amorphous aluminosilicate matrix and rare
earth elements to make rare earth elements more soluble in the subsequent acid
leaching. The utilization of alkali activators could create environmental issues and
increase costs. In this investigation, we developed a process to recycle the alkali
activator via carbonation and NaOH regeneration. In the carbonation step, COZ2 is
injected into the alkali—activated solution to precipitate Si and Al and form
NaHCO3/Na2C03. At the pH of 10.5, almost all Si and Al were precipitated. In the
next step, Ca(OH)2 is added to the carbonated solution. The pH of the solution was
increased from 9.7 to 13.8 simultaneously with the precipitation of CaC0O3. The CaCO3
precipitate is separated from the regenerated NaOH by filtration. The recycled NaOH
is partly evaporated and then could be used in the next cycle of activation of fly ash

before leaching with acid.
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Radioactive waste immobilization: Cesium solidification technique using

cementitious materials

Adrian Javier Sing Jethmal? Thenepalli Thriveni?. Lulit Habte?. Ji-Whan Ahn%*

'Department of Resources Recycling, University of Science and Technology, South Korea

2Center for Mineral Processing & Metallurgy Research, Korea Institute of Geosciences

and Mineral Resources, South Korea

The increasing radioactive waste posses an environmental challenge and is demanding
improvement of conditioning processes and materials used for the management and final
disposal/storage. Cementitious materials have been widely used as infraestructure
construction amterial as well as an environmental screen intended to protect the
surroundings. Concrete and cement composites are mainly used due to their good
physical, chemical, and mechanical properties with the factor of their low price included.
Hence making cementitious materials a versatile solution towards suitable and efficient
processes like solidification of radioactive waste, and performing an important role in the
nuclear waste management system. Confinement performance of the cementitious
material needs to take into account the factor of possible interaction between waste
constituents and cement phases, which may affect cement hydration, and thus
compromise the durability of materials obtained. To address such drawbacks, new
cement systems formulations such as geopolymers, calcium sulfoaluminate (CSA)
cements can be used to create reliable immobilizaing elements for safe storage and
disposal of wastes. Included a case review of immobilization mechanism of cesium using
geopolymers. Characterization of geopolymer binder for solidification and leaching
behaviour are shown for performance review purpose. As well, encapsulation case of
cesium using calcium sulfoaluminate where the radioactive waste was encapsulated in
the matrix stably by physical effect. And, finally a glance to carbonation of cementitious
material used in disposal of radioactive waste. The chemical and physical changes due

CO2 reacting with main alkaline phase (Ca(OH)2) in the cementitious material.
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Reducing Carbon Footprint: The Social Impact of Carbon Mineralization
Technology

O Yuna' - Lulit Habte! - Thenepalli Thriveni®. Ji Whan Ahn'*
ICenter for Mineral Processing & Metallurgy Research, Korea Institute of Geosciences

and Mineral Resources

Carbon mineralization technology is gaining attention as a promising solution for
reducing the carbon footprint of various industries. The process involves capturing
carbon dioxide emissions and converting them into stable carbonates, which can be
stored for long periods of time. This technology has the potential to mitigate climate
change and promote sustainable development. However, the social impact of carbon
mineralization technology is often overlooked. This paper aims to explore the social
impact of carbon mineralization technology and its potential benefits for local
communities. The paper will review case studies from around the world to assess the
social, economic, and environmental implications of carbon mineralization technology.

The study will focus on the positive social outcomes of the technology, including the
creation of new jobs, the reduction of air pollution, and the improvement of local
environmental conditions. Additionally, the paper will examine potential challenges to
implementing carbon mineralization technology, such as the need for infrastructure
development, stakeholder engagement, and financing.

Overall, this paper aims to raise awareness of the social impact of carbon mineralization
technology and its potential to contribute to sustainable development. The findings of
this study will provide valuable insights for policymakers, industry leaders, and
researchers working towards reducing the carbon footprint of various sectors while

promoting social and economic benefits for local communities.
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Empirical Study on the Green Remodeling Technology

of Existing Fire Services Facilities for Carbon Neutrality
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The analysis of CO, penalty on board CO, carbon capture based on

cryogenic carbon capture process

HA =27k

3]

IMO+=

1 2030 o] F F4,

0] 3]

o] &

ojL} whe A

=
RN

~,

X

T HlT 57t

4 )& 71%(Onboard CCS)o]

o A4 F

H7] sl s Eie

S

&

= COE A

=5

g olFolAQaL, A=

ar
o

(Cryogenic carbon

AlA Egto]ofo] 2 (Solid COz) & WHEo] 7IAIAE el N2/O2¢F EejAlA £

tel CO, w2l R

=

el

4r
op

N

&

B

ASPEN HYSYS

Aol A=

H
R

A eldA7F g

E
e wae

COq

ke
T

AuAE HlaLs3it.

2 98 2ass

, ARk el Co

Ho

—r

_74_



m 202345 ShEo|Lfz|3te| 2ATHEHIET]| =

THAYA B A FFAIAE o] & FRYol AitM e LCA &4
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Life Cycle Assessment (LCA) Analysis of Ammonia Production Utilizing
Wind and Solar Energy

The use of renewable energy has become an inevitable factor in addressing climate
change and resource depletion caused by the use of fossil fuels. For this reason, many
alternatives are being proposed to reduce COZ2 emissions, and among them,
co—combustion of ammonia is gaining attention as a good substitute as it reduces CO2
emissions while having a high calorific value. In this study, the environmental impact
of producing 1lkg of ammonia is quantitatively analyzed for each power source. The
system boundary is set from raw material acquisition to ammonia production and
deliver (Cradle to Gate, CtG). The raw material acquisition stage includes nitrogen
production and hydrogen production processes. SimaPro, a program for performing Life
Cycle Assessment (LCA), was used in this study, and Eco—Invent was used as the
database. In addition, weighting and normalization were conducted to comparatively
evaluate their environmental impacts. This study provides guidelines for better

decision—making from an environmental impact perspective in ammonia production.
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A Strategy on the Phenomenon of Intermittent Earth Faults in
Ungrounded Systems for APR NPP

o
Al
¥
B
o
Y
B
N
ofy
o
l-«O
-4
o,
ot
Al
2
)
N
it
N
o,

A7l =AF 4

HI A g A oA 1HaAgS BH7], ds7] R AolE AR FoA A7 &
a7olt}, kA go] wAEE AWkl Q1S M7H, A REY 2 oo HAA
5ol Wolx|7] wiiolty. HIHA] AFelA A=t o] At A-thA 1 AHEFS
Fa AFHFI s2ug Ad)e] &8 do HAER FEe] & 1FAFI E2A @
o YA FAAeR HHA Aol A B Al AlFS AdelA &il 48 73
stHA] A A A ARRES FA "ok v A AlFeA] dAsheE bR 3
AL FAE dod F J& AR FTue AF7 &8 & A, o)#e Aol A&d
O d7], de7] 2 AlolE AR SollA dA e ok A& 9 A Fo] wAg
T#H7F vk S dAETE A= BV, Adsv] 2D AT AolE AR Tol dlshd
HA7EE AEst F714 e © Au|E FYsta glow WA, 7AH 2EY e
A S AR pdstal o] rE XA Aldls HAEAY BaFEa A &t 87t 5
=S5 FA% = 93 APR 949 APR1000 EUR Rev. E &7 T w5 A aebA
HAES gk 1hEAE g A FHS dAst Y A8 s A&g APR 9A
HAHA G AEAE 7| A4 dsoz ¢4 Juns A7 AZALe 2y B3
A7) AL HEAE Bor)s FHARE HESIY. duEE Ald7]= ABB,

Siemens, Schneider, SEL, GE %5 57/JA}, B H3AA”]= ABB, Siemens, Schneider,
SEL 5 4704} RIAAVIE Aoz AASgen, 71 Ay 3y B3 AXN7]E ABB,

Siemens, Schneider & 3704 EEAA7I7F 3bAAE BRE7]5S FHgkaL = A &4
shlal, ¥ HoAHA7S A9 Siemens, Schneider 5 270AF REAM77F hEA g B
S71%E BAetal e Zew st I A BETeS EiT WA
o Waf A HE T, eAEE 3 FAAE 5 APE T HeS Hrheta A
ol e 27 ALY REAAVE HHAAT HEAY BIANE AT Aot
T FA L ofF e AR ago] MASIGITHE Ad Ay AYS WHESRR
S A HdEsHE Blo] FolEt Fadd B A E rEAFg g dvAl
b, AASNA SAHY ALY 98, BEAAY] A =3 9 Ao vAE JEk
& st raAE Aol 23] e 33 A BAste] A Agte] AE HIS B F
R kg A5E R, AR ARE Agshe ez -9y dEvtet Jos
T3t AR Ao, FF F7F ATE T AT 2 AH, 7] 2 FH SO
2 2d7] Aol Wi 55 A Add oot
Bl 2
AT 20239 AN Aldow g vA] 7] 7 (KETEP) 9
A9 Wl 3 A4 IAI I TH(No. 20217810100030).

_77_



=A<

-
it

q

S
Tl

<k

uf Z-o] t},
SMART100 SBLOCA A] 72A1%}F

U TrA 7] e

i
A} ILA

0]
T

-

R

o

el

s

A7 471
7}

[
=tol A

ot

o

QA4 0]

=

SMART100¢°]
k|

MAH -

Aol 7tel

273!

= 2023
SAAE FE e 201200

SMART100 2834 AGAA LT 72417 3|4
u}e}
W2 A A AL (SBLOCA)

Analysis on the SMART100 SBLOCA during 72 Hours

¢}

gl &

Al

%

il
el
Ho

—_

o
N

4
o3
on

Ho

L
fu

A=

A

7=

st

7] el A=

rol Aol Agu kA b

EL

=r

i

o
H

] 2} =

-
Rl

7} 2

hya

35
=

A=y 7t

fiud

<]

-
pul

=i
=
—

AlH o2 gl

S|
=

Rs

[e)

1A} = 0],

SMART1002 Z7]9HA7], 717

A3

[}
=

Hlo
o}

R S BT B

Aol AAE A

=

A %

o~
=

A=Y A A
] Alojsl= A, 3) ol FH

ol A &

°

R
1=
RS

A

7=

=
K3

2 971

4

%
R

=13
=

] 2} = 7}

-
Rl

BHE 1) 2
o] SA<E AA7L

M
B

#7

153s A

ge, ) WA

0] =
DA

xg]_ﬂ

d

A

71714 Also] AA
|2 FH[A]7]

A EAE

A-solv 71717k %
AARIAA 28] A%

R
R

e

—

M

o

0
o

g

A A

Sl

1243, 724)7F <t

9]

st

s

50 mme] <A H)

L
R

&ﬂo
il

o

o

!

£}

N
oF

RS

1
JE

el
blo

o

50 mm ¥gto g

%

Eu
il

AsE AT

|

ZJ o
)

}

3
<

_78_

g dxt 7243 St

3

il 7Hd Al

Fotet.

0

°©

K

142
O =
= T

[

1l

9]

1%]91th. SBLOCA Al

=

=

3l

SMART100 SBLOCA

=
°©



= 2023 Gho|R|EtE| EAIGHE YRS =

LNG @332 Ao CCUS 7|& &9 A< /g A3}
Limitations of CCUS Technology Application and Status of Research in
LNG CHP
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Study of CO2 Capture Membrane Process from Flue Gas
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A study on the performance of amine—based absorbents for capturing

COs from natural gas combined cycle plants
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for COy separation on flue gas
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Net zero emissions should be reached to limit global temperature rise to 1.5 °C.
To this end, COs, capture needs to be extended from coal-fired power plants to
various industries. Flue gas emissions from liquified natural gas (LNG)-fired power
generation system contain 15 vol% ofOs; and 5 vol% of COs, respectively. A low
concentration of CO; in LNG-fired flue gas requires highly COs-permeable
membrane materials. Also, COs/Os separation is very challenging because the kinetic
diameter difference between CO; and O is less than 5% (3.30 A versus 3.46 A).
Here, we report a highly CO, permeable membrane by blending poly(ether block
amide) (Pebax)® with in-situ self-assembled micellar structured poly(poly(ethylene
glycol) methyl ether acrylate) (PPEGMEA) for COs/Os separation. A series of
Pebax/PPEGMEA membranes with either different PPEGMEA molecular weights or
different PPEGMEA concentrations were prepared. Interestingly, the
Pebax®/PPEGMEA (30/70 w/w) blend membrane showed CO,-philic PPEGMEA
micelles, which significantly enlarged the fractional free volume of the Pebax®
matrix. As a result, it exhibited unprecedented improvement in CO,; permeability by
1054% compared to the Pebax® membrane. In addition, it showed a good CO5/O,
selectivity of 19.7. With the material design for CO»/O, separation, I will briefly

discuss the fabrication method for enlarging the membrane area.
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A Development of Inspection Guideline of Phased Array Ultrasonic
Testing(PAUT) on Liquefied Natural Gas Storage Tank
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MOF derived Cu mediated NiFe double-layered hydroxide electrocatalyst for

oxygen evaluation reaction in photovoltaic water splitting

Debabrata Chanda'?, Jagadis Gautam'?, Arjun Behera'?, Mikiyas Mekete Meshesha'?, Jang Seok

1,24

Gwon'?, Gee Seong Lee’, Dac Won Hong’, Myungsik Choi’, Bee Lyong Yang
' School of Advanced Materials Science and Engineering, Kumoh National Institute of Technology,
61 Dachak-ro, Gumi-si, Gyeongbuk, 39177, Republic of Korea
’GHS Co. Ltd. Gumi-Si, Republic of Korea
*Nano-convergence Technology Division, National Nanofab Center, 291 Dachak-ro, Yuseong-gu,
Daejeon City 3441, Republic of Korea
*SI Tech. Co., Ltd, 1026-1 Daecheon-Dong, Dalseo-Gu, Daegu City, Republic of Korea
*Corresponding author: Tel: +82-(54)-478-7741, E-mail:blyang@kumoh.ac.kr

Abstract

Dedicated design of nanocages architectures for oxygen evaluation reaction (OER)
electrocatalysts is an important game changing strategy to accelerate overall water
splitting kinetics. In this study, we adopt a unique facile route to prepare
copper-mediated layered double hydroxide NiFe (CuNiFe-LDH) nanocapsules
architectures for excellent oxygen evaluation reaction (OER) overpotential (/]) of
201lmV at current density (/) 10 mA cm?® This result demonstrate that the
electronic coupling and coordination of Cu ions stabilize the initial structures of
the conductive NiFe MIL-88A metal-organic frameworks (MOFs). Moreover, a
photovoltaic electrochemical-water splitting (PV-EC) device without wiring has
been fabricated with CuNiFe-LDH/Ni mesh (NM) OER electrode, demonstrating
direct solar to hydrogen production (STH) of 11.08 % with 20 h stable
operation. Also, exhibits excellent OER activity for anion exchange membrane
water electrolysis (AEMWE) with j of 974 mA cm™ at 1.85 V. This study
provides information on new MOF based architectures for electrochemical

applications.
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Development of real gas durability demonstration technology for high
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A Study on Development of Complex metering Evaluation Equipment for

Metering Accuracy Evaluation at Hydrogen Refueling Station
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Analysis of producing liquid/solid(slush) hydrogen and process efficiency

for achievement of Zero Boil Off
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Study on the Combustion Characteristics in 0.7MWth Pilot scale
Furnace according to Ammonia Co-firing Rate

Dongkwon Choi - Jiyong Hwang - Sangbin Park - Junhwa Chi

As the world attempts to address climate change, energy transition is a key focus of
carbon neutrality policies, with research and technological development of renewable
energy sources that can produce energy without emitting carbon being essential. While
research on renewable energy sources such as solar and wind power, which can replace
existing coal-fired power, is actively ongoing, the immaturity and incompleteness of
these technologies in terms of intermittency of energy production and production costs
make it difficult to completely replace existing energy production methods. Therefore, in
the early stages of energy transition, reducing carbon emissions in the energy
production process of conventional power generation through research is crucial, and
research on co—firing fossil fuels and zero-carbon fuels is actively underway to address
this issue. Hydrogen and ammonia are representative gaseous fuels that can be selected
as zero—carbon fuels, and research on the co-firing of ammonia and pulverized coal is
actively ongoing due to the ease of transportation and storage compared to hydrogen
and the similar combustion rate to solid carbon.

In this study, basic research on the co-firing characteristics of ammonia-pulverized coal
was conducted using the 0.7MWth pilot combustion facility owned by the Korea Electric
Power Research Institute (KEPRI). The existing pulverized coal burner was modified to
allow simultaneous injection of ammonia and pulverized coal, and basic co—firing tests
were performed. Additionally, CFD were performed to predict the flame shape during
co—firing and to compare the composition of exhaust gases. The ammonia co—firing rate
was divided into three conditions based on the calorific value, ie., 10%, 20%, and 309,
and the fuel injection rate, combustion temperature, and exhaust gas concentration were
compared. The need for modification of the existing test facility and an ammonia
co—firing burner were evaluated. Based on the study results, optimal co—firing conditions
in the facility according to the ammonia co-firing rate were proposed, and the results

were used as the basic data for designing a co—firing burner.
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FRrUAY FFAT, HFHALE(F) AFRAAN TG

YA (nuclear power plant) 7|33t selo IS F&E317] f13 F+2 Lot

Q
= 9 AgAE Veiafste F8 HA F ostuE AR FTEE(reactor
internals)®] &Y ¥ (Valid Prototype) FH= Hhepsith. =] +99 dd A4 2 9
Aol F=FHAAH(F)L o= 93] US. Nuclear Regulatory Commission(NRC),
Regulatory Guide(RG) 1.20 (Rev.4)o] <A 3l APR1400 ¥A=2 FHAEEAF(SMT,
scale model testing) ATFHAE T3 A2 Fady M-S fsiA= 4dY
A4 g Al A A 4 (Prototype) ETFX153H7HCVAP, comprehensive vibration
assessment program)E 3 Tto] o], Alde] YRE SMTE 3 44 7|& w7}
S7¥h
AAZWFF2E CVAPY 9&s Fv 79 IA fe5235(FIV, flow—induced
vibration), 222 %(AIV, acoustic—induced vibration), <332 (AR, acoustic
resonance), 183 7]AFEZ %5 (MIV, mechanical—induced vibration) o2 F-E %t} FIV
= A" o2 5 WdF(TB, turbulent buffeting), ¢FF33(VS, vortex shedding) 2 A
A &P (FEL fluid—elastic instability)o] 9&& F= Aoz ddAd o & =22
APR1400 922 SMT 7|&7ldel A dxzliirx=2 7Y & FEI H7fel] @3 A
th FEISH VS 7bea 21 2=l 24k #5(cross flow)ol A= 4ol LA A3
BUYRFZENA FEI®F VS+= A A TFZE (LSS, lower support structure)® =uUjA =
71 eF B (ICIGTs, in—core instrumentation guide tubes)¥ AH-¢H)4Z%E (UGS, upper
guidet structure)®] Ao]EHA ¢t A(CEAGTSs, control element assembly guide tubes)
ool A A Thsade] vk ey, FEREZE (HFo] dAEA i Ao F FHT
M FEIZF WASHA @Fethe A8 Al me®™® 2 =g A= FEI] 24 7HsA
© Xo= CEAGTsE #H7F t o= qltt. FEIE H7hsh7] ffsix e a4 2 vket
BAAE o] &gk AAIE E(critical velocity)oF A3 @2l ofgk AL EE v w3t
HlawAd, AEGEe AAEEE Zol7F 2 Ao 2 YEhy FEI= W AEA] &8 A
. oW MAE Fadste] W9 2 SHE AESte] dAE SMTEHF-E
et maEkdeh, B =io] FEIO tid 37k APR1400 SMT F33% AldH
1l

9,
o,

3
oY o T

A2 ofl 2 >
Koo o XL L oot
T
32
v

=4
7He Y3k af i E A 2 ol FgEdul. &% APR1400 A A
A2 AA FEYE FHS Y3 938 CVAPY| Ag&E Zow Alm

@ B, T. Lubin, Response of a Tube Bank to Turbulent Crossflow Induced Excitation,
77—DET—142, ASME Design Engineering Technical Conference, Chicago, 1977.

@ M. K. Au—Yang, Flow—Induced Vibration of Power and Process Plant Components:
A Practical Workbook, ASME Press, New York, 2001.
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for Water Electrolysis Facility Based on Renewable Energy
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Institute of Gas Safety R&D, Korea Gas Safety Corporation

A AAA ez AR A F A 7}

@A x
T A

=
=
ovf, g

o
A

et
Hx

=]

]_
X
£

v 7F

=]
he] GW
o =M 2

S
A
=

§ aZAR L,
AR

)
A3
%

o
A
PN
T
KeR
=

2]

o] F XA

A

3)

Alggo] wel KGS Code AH271(54A

=
R

el
z]t

Jo

—_—

X
XO
4
X
K

A AA & Fd

=5 A

LAV =

of tgk A

N
=]

Ho

we) 271 4% 2

S|
=

il A= 7]et =24 3

T

A7E

K
L

o

&

i

oh

o]

g},

sl =}

= Al

4 g

7N

)
RS

KGS Code AH2719l thst A=

ko

7hele] A9g

£

Dy

=oldA 7=

ki3

]

- 102 -



Uxd E4 &

B
{
oF
i

—

o

B3
&
27

<]

4t 71

s
oy

T 7h0

Analysis of Risk Factors for Hydrogen Production Facilities

Using Digital Twin System and Apllication of Safety Standards

JeongHoon Leef - SuYeon Yu

Institute of Gas Safety R&D, Korea Gas Safety Corporation
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Multi—Objective Optimization of an Inclined Axial Turbine using CFD
Shamsuddeen Mohamed Murshid™* Min—Su Roh™™ Mohammad Abu Shahzer™™
Jin—Hyuk Kim"™

“‘Convergence Manufacturing System Engineering, University of Science & Technology

“Carbon Neutral Technology R&D Department, Korea Institute of Industrial Technology

o ok

a5
An inclined axial turbine concept designed for energy production by converting a
‘no—head” water channel into an ‘ultra—low head channel without the construction of a
dam is developed. The turbine is designed for installation in rivers, streams, canals,
and irrigational and industrial water channels where a natural head is unavailable. The
initial turbine design performance was analyzed using Computational Fluid Dynamics
(CFD) simulation models by solving transient, multi—phase, buoyant, open—channel,
free—surface, and turbulence equations. The internal flow field of the initial design
performance obtained through CFD showed a few regions of pressure losses on the
runner surfaces. A multi—objective optimization is employed to mitigate the pressure
losses at the runner and thereby enhance the hydraulic performance of the turbine.
The runner inlet blade angle distribution at the mid and shroud span was selected as
the design variables while the hydraulic efficiency, head, and power output were
selected as the objective function. The sample points for the design sSpace were
generated using 2F factorial and Latin hypercube sampling techniques. The radial basis
neural network model, which is an artificial neural network, was used as the surrogate
model and trained to improve prediction accuracy. The pressure losses at the runner
inlet decreased by 56% thereby increasing the hydraulic efficiency of the optimized
turbine by 2.72%. The optimization improved the turbine performance by diminishing

the pressure losses at the runner inlet.
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Heterostructure of Cobalt Copper Sulfide /Tungsten Disulfide Nanowire as an
Excellent Bifunctional Electrocatalyst for Overall Water Splitting

Jagadis Gautam'?, Jang Seok Gwon'?, Mikiyas Mekete Meshesha'?, Debabrata Chanda'?, Arjun

Behera'Z, GS Lee,’DW Hong, Suhee kwon,'? Myungsik Choi,* Bee Lyong Yang'?*
'School of Advanced Materials Science and Engineering, Kumoh National Institute of Technology,
61 Daehak-ro, Gumi-si, Gyeongbuk, 39177, Republic of Korea.

’GHS (Green H2 System) Co., Ltd. Gumi-si, Republic of Korea.
*Nano-Convergence Technology Division, National Nanofab Center, 291 Dachak-ro, Yuseong-gu,
Daejeon 34141, Republic of Korea.

SJ Tech. Co., Ltd, Vice president, 1026-1 Daecheon-Dong, Dalseo-Gu, Daegu City, Republic of
Korea.

*Corresponding author: Tel: +82-(54)-478-7741, E-mail: blyang@kumoh.ac.kr

Abstract—  Incorporation of different components into a single heterostructure is a novel
approach that stimulates the number and type of active centers to enhance the catalytic activity
of hydrogen evolution reactions (HER) and oxygen evolution reactions (OER. Here, a novel,
hierarchically porous one-dimensional nanorod array of copper cobalt sulfide and tungsten
disulfide (CuCo,Ss;-WS,/NF) was synthesized on Ni foam substrate via an efficient and facile
hydrothermal synthesis strategy. The nanorod array of copper cobalt sulfide and tungsten
disulfide (CuCo0,S4-WS,/NF) with fine-tuned electronic structures and multiple integrated active
sites exhibited small overpotentials of 202 mV and 299 mV for HER and 60 mV and 240 mV
for OER at 20 and 50 mA cm™ respectively, in 1.0 M KOH medium. The electrolyzer formed
by CuCo0,S4;-WSy/NF requires only an operating voltage of 1.54 V at 10 mA cm? which
exceeds that of commercial catalyst-based systems as well as previously reported catalysts. The
remarkable performance is attributed to an extended electroactive surface area and good charge
transfer ability created by the formation of heterostructure of CuCo,Ss and WS,. These results
demonstrate that CuCo,S4-WS, in NF is an excellent dual-function electrocatalyst for

electrochemical water splitting for hydrogen production.

Keywords— electrocatalyst;hydrogen evolution reaction; oxygen evolution reaction.
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Multi—Objective Optimization of an Axial—Flow Pump Impeller

based on the Approximation Model
Duc—Anh Nguyen™ Sung Kim" Soon—Young Jeong™ Jin—Hyuk Kim""

“Convergence Manufacturing System Engineering, University of Science & Technology

“Carbon Neutral Technology R&D Department, Korea Institute of Industrial Technology

2 o
Enhancing the hydraulic performance of an axial—flow pump is essential for increasing
the working efficiency and reducing the costs of the pump. This work was carried out
to simultaneously improve the total efficiency and total head of the axial flow pump
with the impeller optimization. The internal flow field was obtained by solving
three—dimensional Reynolds—averaged Navier—Stokes (RANS) equations with shear
stress transport reattachment modification turbulence model (k—o SST RM). The
structure hexahedral mesh was used in the grid system with a small y+ value at all
of the walls. In the present study, the total efficiency and the total head were chosen
as objective functions in multi—objective optimization. The main influencing factors
were screened through a 2k factorial design analysis and the design points were then
created in the design space using Latin hypercube sampling. After the screening
procedure, four main design variables were selected: shroud chord length, hub chord
length, middle inlet blade angle, and middle stagger angle. The impeller was optimized
by constructing an approximation function based on three models: response surface
approximation (RSA), Kriging meta (KRG), and a radial basis neural network (RBNN).
The total efficiency and total pressure head of the optimized impeller increased by
0.974% and 21.028% compared to those of the reference impeller, respectively. The
hydraulic performance was notably improved by redistribution of the velocity field at

the outlet and low—pressure suppression in front of the impeller.

Ab AF
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Improvement of the hydraulic performance of a Francis Turbine at Part

Load condition by modifying the Runner Blade
Mohammad Abu Shahzer™™ Shamsuddeen Mohamed Murshid™** Sung Kim™
Min—Su Roh™™ Jin—Hyuk Kim"™

“Convergence Manufacturing System Engineering, University of Science & Technology

“Carbon Neutral Technology R&D Department, Korea Institute of Industrial Technology
2 o

Francis Turbine is a well—known turbine due to its extremely effective features. At
the best efficiency point (BEP), the turbine exhibits maximum efficiency while at low
flow rate operating conditions often called part load (PL) conditions, the performance
of the turbine reduces due to improper energy conversion, hydraulic losses and
downstream swirl instabilities. In hydraulic turbomachinery, runner shape optimization
based on thorough CFD research has proven to be a beneficial design technique. The
optimization of the runner blade for energy improvement at PL condition is performed
numerically in the present research. The reference model is generated using CAD
software for which numerical calculations are performed and validated with the
experimental results. The meridional shape of the runner blade is considered for
choosing the design variables. Within the maximum and minimum ranges of these
variables, the factorial design of experiment methodology is utilized for the parametric
study of the runner blade which opt out the most insensitive variable. The Latin
hypercubic sampling (LHS) is executed for the remaining variables and the numerical
calculations are performed. Out of several surrogate models, the response surface
approximation is implemented for the optimization using design points from LHS. The
deviation of the predicted and numerical efficiencies is about 0.4% at PL as well as at
BEP. The optimized model exhibits an increase of about 1.23% in efficiency at PL
condition while at BEP, an insignificant drop in efficiency 1is observed. The
low—pressure regions are improved in the optimized model which can prevent the
turbine from cavitation—induced instabilities. Towards the whole low flowrate region,
the performance improves using the optimized model. The domain losses of the runner
and draft tube are reduced by about 19% and 12% respectively.
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Convolutional LSTM 74 S AAGER THZF oS
A Wind Farm Power Prediction based on Convolutional LSTM
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State estimation algorithm for used battery energy storage
system(UBESS) based on Kalman filter
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Analysis of Vibration Amplitude depending on Modeling Parameters of

Wind Energy Harvester based on Vortex—Induced Vibration Phenomenon
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Computational analysis of chemical species transport of PEM water

electrolysis half cells under constant current operating conditions
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1y

Fh

1o

Fal v el 2l el g3t ek tal g9 7 Al e sk

This study has developed to a computational fluid dynamics which can investigate
multi—phase mass transport properties of polymer electrolyte membrane (PEM) water
electrolysis half cell. The paper features fluid flow and species concentrations in flow
channel, porous transport layer, and catalyst layer by coupling chemical species
transport and electrochemical reaction. The numerical model is performed in constant
current mode. Multi—phase transport occurs in liquid—phase water with gas—phase
oxygen generation at anode catalyst layer in which reaction proceeds uniformly.
Computational results indicate that the mass transport characteristics are closely

associated with concentration distribution of reactants and products.
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Demonstration of a Prototype for 32CH Electric Vehicle Battery
Cyclers applied with a 2—Phase Interleaved Buck Converter and Merge

Function
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Performance analysis of a Single Module Prototype for Electric Vehicle
Battery Cyclers applied with a 2—Phase Interleaved Buck Converter and
Merge Function
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Study on high voltage transition metal oxide

for all—solid—state—batteries
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Computational Analysis of a Lithium—ion Pouch Cell Module for Electric Vehicle

Application with a Dielectric Liquid Immersion Cooling Method
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This study was conducted to figure out the cooling performance of an Electric vehicle
lithium—ion battery module with an immersion cooling method under rapid discharge
conditions. A battery module was composed of 19.6 Ah lithium iron phosphate pouch
cells (1P14S) connected in series. The computational model predicted heat transfer
phenomena of the module, which consisted of cells, and was validated by experimental
results. An immersion cooling system was assumed to be cooled with a single—phase
dielectric liquid and governing equations were solved numerically using a commercial
computational fluid dynamics software ANSYS FLUENT®. Temperature rise of a
bottom cooling battery module was compared to that of an optimized immersion cooling
module in a previous study. Numerical results showed that the immersion cooling
system lowered the maximum module temperature by 28% when compared to the

bottom cooling system.
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A Study on Building Energy-Greenhouse Gas Reduction Gorverment Policy and

Case Analisys of Public Building Greenremodeling Business
Oh, Se—Min - Kim, Jin—Young - Lee, Sang—Yeop - Ahn, Chung—Won

Department of Green—Remodeling Center of Korea Authority of Land & Infrastructure Safety
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A Study on the Technical Configuration Management for Critical Digital

Assets for Nuclear Facilities
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A Study on the Threat to Nuclear Facilities by ICMP Vulnerability

The National Institute of Standards and Technology (NIST) announced an ICMP
protocol vulnerability. It is classified as CVE-2023-23415 and has a high risk of 9.8/10
points. The targets include Microsoft Windows 10, 11, and Windows Server 2008-2022,
which provides for most Windows products. Although no precise attack method has
been disclosed, it is assumed that specific applications containing vulnerable code using
ICMP execute remote code through vulnerable code in the socket when using ICMP.

To solve the ICMP vulnerability, it was confirmed that it was possible with Microsoft’s
March regular security update file and that Windows servers existing at the Korea
Atomic Energy Control Technology Institute could be taken action through the security
update, and through the update it was confirmed that there were no problems with
availability and vulnerability measures. A number of Windows servers are also running
in nuclear facilities and are exposed to such threats. If a malicious hacker penetrates a
nuclear facility through an ICMP vulnerability, it can cause severe problems with reactor
operation. Although a closed network environment has been configured and
communication with the outside is difficult, invisible air gaps may exist, and it cannot
be judged to be completely safe against hacking. To respond to ICMP threats in this
environment, shape management of digital assets (CDAs) essential to nuclear facilities
must be continuously implemented, and based on this, the vulnerability target must be
handled through security updates. Updates to nuclear facilities should be carried out in
preparation for abnormal situations when updating with availability, especially ICMP
vulnerability server updates should be thoroughly analyzed, and phased updates should

be considered.

Keywords: ICMP, Vulnerability, Nuclear, security
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A Study on Vortex Shedding Test of SMART100 Steam Generator Tube
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Methodology of Nuclear Fuel Assembly
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A Study on the Optimization of Seismic Fragility Assessment
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Review of SC Structure Design Criteria for Innovative SMR Application

Kap Sun Kim - Seung Ju Han

A4 FHelA A T A2¥FREY YA FAE SMRol= dAFY] dE5S &) I3
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TolA= §413 SMR SC B8 A&& 3 wll¢] SCx AAVI+ dFS AESA
= SCH=x AA7|FoZE KEPIC SNG$} ?rxﬂﬂ#_o_iTH Fols e 279 &

FABILA7F otk KEPIC SNGE 2010de] Hx2 wrag o]F mjd (2011, 20124,
2013 2 2014d) F2o] Wt AR B 20159 20109 % 2011 I 5
2014Q@74A¢] F2S 7]Fo 2 ANSI/AISC N690s1—159] wrafo] wE &S AR F&
stglom, e A AdARE wedetar vk KEPIC SNG 202038 20159 %S 7]
Fo® 201693 20199 F=5 g3 HAdo|th, TR-KHNP-0027 HuAE 2011
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s 7 pzEsld s SCrER AAV]IES AISC N690—-12 2 AISC N690s1—-159]
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A= 2021 ¥l Regulatory Guide(RG) 1.243 TFAIA S 3l on, SCH+
= AAleE EFe AISC N690-189 FAIAAS SAstalth. A9 AISC N690
App.N9L SCH+Z AAE 913 dF 2748 Egsla A o} g5z SCHE AAL
Aoz Hgar)o= oy go] Y= AHo|}
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2 AA8d FHo BRsANE, EAVEFA R = Zh2E KEPIC 201037} 20159 %
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Review on importance of component failure modes for fire induced

Multiple Spurious Operation analysis
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Introduction to Double Containment Building of Export NPPs

Kim Yongsoo
Korea Hydro & Nuclear Power Co., Ltd.

A FUAA N FQl e & =¥ YARAE AAe FHAYAIA A (European
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2 oAgn] HJod, AL, AE b 2 FARRE ok 9 AAIVIES 1y ste] siEsta

+29 942 AA Nuclear Island(NI), Turbine Island(TI), ¥&HAE 9L BE A=
TAEY NI= dAzds, Reds, 538, d3vARdr|dE, AuFH ATy
A&, 717197 dudV|iE so2 FAHY lon Tl HEA7| A5 ~9X| k=
AulE Esteta gt

53], dAEAES AESHA AHE S dEd AAEHLY AdE W A F de7] F
= HAE S8l ol dAEAEE A v 28 dd G 2 sSSP HE a1y
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Calculation for Mechanical Sizing and Thickness Design
of Decay Tank for Research Reactor
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A8 IA=Z AP A S (Primary Cooling System)2 A&7 & =A4lo A 2
Aste 4& AAstE 928 FIdgith. dadAAe A7t Fdd AR =4S 3
st A WALt E W, B E B2 TR WA HE ol 53] oy A Y FAebds &St
= N-160°] 235 o] At} N-169 w77 7.13 22 v$- Fol 944 A|7ko] XvpH W
Absol AA FASHA "k AR A (Decay Tank)® HATH 3, ¥45H Qo= AA%
Rom AR w4 75 THE dAYAATE A B dusrbA mgshr] Ao 4A
AP AlFekAl skl sl 7171l A N-16 WAbss A AR 98-S 33t
ol Hall HHARA= wg & FYE ZEF AAHNH, A5 FAS 4, sHE 21
Bty Adom FAE o gk A Bd A3l i =& 1717 fAE, §
5 BN E A e g =2 1S ST =2 277 91X gt 48y =AW
o= FdEHE AV L8 AR ES 37he oS Akl

AT E 87 AFAI wet AAE AW 27 2 AV 938 bdsd
7171 27191 KEPIC-MNDOIA 2&tE HA 248 F53e=A Hriskadh 1) 72a89a
AAGE, FAAFE AT HAE, A&, 18 AFa &S Lefste] 4] F
2 8TFAE EESTh e 2) sh B Ad Aol g 2404 JuiHE =
=3 S A 1890A F7m# w=F 7o HA 87 T 3) el tE B
A S Aste]l RS wSet=A Hrbs Atk 3 24914 wike] QA E 279 18
A wjHo] EFFEoR Ao F o] i B FacArt A=A H7s
k. whE N B E A A 190A] v =F2 A Fo] 221A] o]skel wY
ToRE HAol aFuX] gorw RFriA Alatitt

of =R BANEAUFNTAA AYF AT FHNE APAA] AT Al
(522110-23).
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Analysis of the Regulatory Design Requirements for APR1000 Diverse

Actuation System
Kim, Yong Sik
The Central Research Institute of Korea Hydro & Nuclear Power Co., Ltd.
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A Study on performance quality management measures of nuclear

regulatory authority

Nuclear Regulation in Korea 1s conducted by the Nuclear Safety and Security
Commission (NSSC). The area requiring expertise are delegated to the Korea Institute
of Nuclear Safety (KINS) and the Korea Institute of Nuclear Nonproliferation and
Control (KINAC), under the jurisdiction of NSSC, to carry out the regulatory activities.
As these activities directly impact nuclear operators and the entire nuclear industry,
they must be conducted fairly and objectively. Moreover, recent policy trends have
focused on improving the efficiency and quality of work in public institutions, leading
to research on enhancing the overall regulatory quality. Building on previous studies,
we conducted a case study on the quality management system of KINS, a regulatory
expert organization with characteristics similar to KINAC. Based on the derived
institutional quality requirements, we developed practical ways to improve quality in
each area. Among them, we analyzed the effectiveness of plagiarism detection
programs introduced as a fundamental quality management strategy for work products
arising from regulatory activities and R&D, and proposed a systematic approach for its
implementation. Additionally, we researched the methodology for establishing a
reporting system for internal core business management and managing outsourced
projects for external clients. We redefined critical concepts in quality management
system establishments such as traceability, transparency, retrievability, reproducibility,
and reliability, tailored to the institution's duties, and established 18 specialized quality
requirements. Based on this study, we will set a continuous IQC—EQA—-TQM quality

management system to ultimately improve the quality of regulatory work.
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A Study on Improvement of the Legal System Related the Nuclear Control

Currently, various legal frameworks related to nuclear control, including the Nuclear
Safety Act, the Foreign Trade Act, and the Act on Physical Protection and Radiological
Emergency, have been established. However, there have been several legal issues that
have arisen in the process. Previous studies have suggested the need for a
comprehensive law encompassing both nuclear control and radiation protection or the
division of these two areas for legal regulation, etc. Nonetheless, due to various
problems, substantial revisions have not been made.

In this study, we conducted a case study on the issues raised in the aforementioned
nuclear control legislation, with a particular focus on the research conducted by KINAC
(Korea Institute of Nuclear Nonproliferation and Control) using both internal and
external resources. Based on this result, we propose a direction of improvement in
legal revision that allows nuclear regulation to proceed appropriately following the
current situation where next—generation nuclear power plants such as Small Modular

Reactor (SMR) are emerging.

- 163 -



= 2023 Gho|R|EtE| EAIGHE YRS =

AL BAL BANGERY FFOFH B T~
An Analysis Process for Multiple Spurious Operation in Fire Hazard

Analysis of Nuclear Power Plants
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WHE 4Ad 7171973 5AS g 5253 AU 38 AE
Application of Multiple Spurious Operation Scenario for Essential Service

Water System of Westinghouse Nuclear Power Plants
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Fire Risk Mangement for Cutting Process of

Decommissioning Nuclear Power Plants
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A Study on Optimizing Maintenance & Test Schedule Using Risk Informed at

Nuclear Power Plant
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Analysis of Conflict Point of U.S. NRC and NFPA Code for Nuclear

Safety and Security Interface Perspective

One potential conflict point between the National Fire Protection Association (NFPA)
codes and nuclear security regulations is that NFPA codes are primarily concerned
with fire safety and may not always take into account the unique security
considerations of nuclear facilities. This can create a tension between the need to
maintain a safe and secure facility and the need to comply with fire safety regulations.
For example, NFPA 805, the Performance—Based Standard for Fire Protection for
Light Water Reactor Electric Generating Plants, allows for certain fire protection
measures that may be in conflict with the security requirements of Nuclear Regulatory
Commission (NRC) regulations. Specifically, the standard allows for fire barriers to be
breached in order to install security features such as cameras or access control
measures. However, NRC regulations require that fire barriers be maintained in order
to prevent the spread of fire and smoke.

In such cases, facility operators must carefully balance the competing requirements of
fire safety and security to ensure that the facility remains both safe and secure. This
may require a case—by—case analysis and the development of tailored solutions that
take into account the unique characteristics of the facility and the specific risks it
faces.

The National Fire Protection Association (NFPA) develops and publishes a wide range
of codes and standards related to fire protection and life safety. These codes and
standards are widely adopted by regulatory authorities, including the Nuclear
Regulatory Commission (NRC), and are used by many nuclear facilities in the United
States to help ensure safe and effective fire protection.

In addition to NFPA 805, nuclear facilities may also use other NFPA codes and
standards related to topics such as emergency response, hazardous materials
management, and electrical safety. While compliance with NFPA codes and standards is
not explicitly required by the NRC, these codes and standards are often used as a
benchmark for evaluating the adequacy of fire protection measures at nuclear facilities.
Overall, the relationship between NFPA and nuclear facilities is one of collaboration
and mutual reliance, with NFPA providing guidance and standards to help ensure the

safe and effective operation of these critical facilities.
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5G -based small and medium-sized manufacturing factory energy data

management system technology
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A Feasibility Study on the Neutron Application of CANDU Reactor

Donghwan Park
KHNP Central Research Institute
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Electrochemical Sensor for Glucose Detection

S Tamilarasi*, Dong Jin Yoo'”

"Department of Energy Storage/Conversion Engineering (BK21 FOUR) for Graduate
School, Jeonbuk National University, Jeonju, Jeollabuk—do 54896, Republic of Korea
Department of Life Science, Jeonbuk National University, Jeonju, Jeollobuk—do 54896,
Republic of Korea

Many enrichment techniques for phosphopeptides usually rely on the interaction of
phosphate groups with metal ions or metal oxides. Based on this, we innovatively
designed and fabricated an electrochemical sensor based on NiO;@PG hierarchical
nanostructure. Which can sensitively and rapidly detect glucose in protein samples
pretreated with NiO,@PG can be linked to the glucose via the hydroxyl group at the
tail of the glucose. When NiO,@PG are specifically bound to the glucose group on the
modified NiO;@PG can improve the electron conduction ability of the electrode to
detect the glucose. The designed electrochemical sensors had the advantages of high
sensitivity, selectivity, and repeatability, and it showed a wide linear concentration
range and a lower limit of detection for glucose. We found that the uniformly
dispersed anisate crystal NiO, and PG composite—modified electrode showed a lower
detection limit. This sensing strategy is expected to provide a novel solution for the

direct detection of hydroxyl groups in glucose in complex environments.
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Poly(pyreneyl—aryl—piperidinium) anion exchange membrane for fuel
cells with excellent microphase separation and electrochemical

performance by strategically introducing pyrene stacking
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Synthesis of long—chain alkyl side—chain sulfonated poly(arylene Ether)
containing amino and fluorine for fuel cells and evaluation of large—area

cation exchange membrane properties
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key words: hydrogen fuel cells, long—chain alkyl side—chain, sulfonated poly(arylene
Ether), large-area cation exchange membrane
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A Study on the Fatigue Life of SM45C Steel Peened

with the Same Almen Intensity
Taehyung Kim - Yujin Park”™ - Jeongtae Kim - Juhyeok Jang - Taehee Kim
Department of Aeronautical & Mechanical Engineering, Cheongju University
“‘Department of Mechanical & Aerospace Systems Engineering, Graduate School,

Cheongju University
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A Study on the Reliability of Hydrogen Compressed Gas Facilities by

KGS AC111
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Institute of Gas Safety R&D, Energy Safety Empirical Research Center
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Hydrogen Safety Policies Trend: Focusing on Results of the

Comprehensive Plan for Hydrogen Safety

Yeonghun Kim

Institute of Hydrogen Safety Engineering, Korea Gas Safety Corporation
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Research for the Establishment for Detection and Reinspection System

of Foreign Substances in Hydrogen Charging Station Pressure Vessels
O—Hyun Chung - MinJoo Kim - MinJyung Lee - JaeHun Lee
Institute of Gas Safety R&D, Korea Gas Safety Corporation
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Development of Biogas Purification System of Small Scale Module Type

for Export
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* Corresponding author (wkim@ynu.ac.kr)

Sputtering power dependent physical properties of ZTO films

Metal oxide thin film have shown high potential for various applications due to
their attractive properties such as high carrier mobility, excellent large—area
uniformity, and favorable processing versatility. Among the metal oxides,
zinc—tin—oxide (ZTO) is a promising transparent conduction oxide material. In this
work, RF Sputtering is a appropriate method in order to deposit ZTO films. In this
work, ZTO films were deposited by RF sputtering with different target powers. The
optical, structural and electrical properties of the films are then characterized by

UV—Vis—NIR spectroscopy, GI—XRD, and Hall—effect measurement, respectively.
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Investigation on the formation mechanism of SbySes photovoltaic

absorber by in—situ high—temperature X—ray diffraction

The reaction pathway, kinetics, mechanism, and phase evolution of Sb—Se
precursor films were investigated by in—situ high—temperature X-ray diffraction
analysis. For deposition of glass/Mo/Sb/Se precursors, metallic—Sb layers were
deposited by dc magnetron sputtering and Se layers were added by effusion cell
evaporation. The deposited precursor layers and excess selenium were loaded into the
high temperature reactor. Based on the results of isothermal reactions at different set
temperatures, the kinetic parameters for the transformation of the Sb,Ses; phases were
estimated. At room temperature, only Sb and Mo related diffraction peaks were
observed. Over 150 C, amorphous selenium was crystalized. The formation of SbsySes
phase was noticed in the temperature range of 350 — 450 C. From the 500 C, only

Mo peaks were observed due to the evaporation of Se and Sb (loss of Sb and Se).
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Effect of Preparation Routes on the Crystal Purity and Photocatalytic

Performance of BiFeOs; Nanoparticles

Min Jeong Choi, Salh Alhammadi, Woo Kyoung Kim"

Yeungnam University, Department of Chemical Engineering

In the study, a hydrothermal method was used to prepare a bismuth ferrite(BiFeO3)
NPs. The BiFeOs; was prepared with single phase and mixed phase by controlling the
pH and the reducing agent type. The structural, morphological and optical
characteristics of the BiFeOs; NPs were characterized by several analysis techniques.
The photocatalytic performance of the single and mixed phase BiFeOs; in the
photodegradation of different organic effluents were tested and evaluated. The results
showed that the BiFeO; prepared with mixed phase(e.g., Bi:Os;, BisFesOy) showed a
great performance for the decomposition of methyl orange (MO) and methylene blue
(MB) compared to that performance achieved with single phase BiFeOs;, The mixed
phase BiFeOj; photocatalyst had the ability to decompose 10 ppm of MB completely
within 24 min. The high photocatalytic performance of mixed phase BiFeOs; could be

related to the presence of oxygen vacancies in its crystal system.
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A Study on Limitations and Improvement Strategy of Detailed Building

Thermal Performance Diagnosis based on Indoor Temperature

- SuJin Im

GaYoung Cho
Living Environment Research Division, Seoul Institute of Technology
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Research on the Application plan of the Real—Time Energy Consumption
Monitoring System after the Green Remodeling of Existing Old Buildings
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Reducting Harmful Gas in Semiconductor Process
Sechang Lee
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Department of Aeronautical & Mechanical Engineering, Cheongju University
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Bimetallic MOF nano—rods supported vertical graphene nanosheets as

high—performance hybrid solid—state supercapacitors
Gopinath Sahoo - Hyeon Seo Jeong - Sang Mun Jeong”

Department of Chemical Engineering, Chungbuk National University

Vertical graphene nanosheets (VGN) or carbon nanowalls emerge recently for
different energy storage devices by virtue of their interesting properties that enable
them to bring out as excellent current—collector and templates for the growth of
different nanostructures. In the current research, we design the facile synthesis of
nano—sized bimetallic NiCo MOF on VGN (NiCo MOF/VGN) to achieve improved
storage performance. The enhanced capacitive contribution, wetting nature, and
charge—transfer kinetics of NiCo MOF/VGN facilitate improving the storage
performance in the case of a solvothermal method than the drop—cast method. Further,
the comparison also confirmed that VGN acts as an excellent current—collector for
NiCo MOF than carbon paper. Due to the unique morphology of VGN and nano
rod—like structure of NiCo MOF, the composite delivered a specific capacitance of 950
F g at 1l A g' with a high rate capability of 93.2 % at 10 A g '. Moreover, the
assembled hydrid solid—state supercapacitor (NiCo MOF/VGN//PVA+KOH//activated
carbon) showed a high energy density of 58.1 Wh kg™ ! at a power density of 1170 W
kg™! and a high power density of 7 kW kg™ ! at an energy density of 36.5 Wh kg!
with a cycle stability of 88.5 % after 10,000 cycles of charge—discharge.
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COs absorption and mineralization using NaOH derived from

seawater—based industrial wastewater Energy
Won Yong Choi - Dongwook Lee - Kyumin Jang - Jinwon Parks

Department of Chemical and Biolmolecular Engineering, Yonsei University

o AgddM e sl AdEsAA FelE FAE Z8ste] oibsteas A
94 28 2 A3 e 3AS Adsith A siaroke gy AgEs Wele 5%
ojZo] FHalo] & A&HA T4 8o Zhesith WA g fFdfl 242 Wl a5
<55 Hdd7] 98 pH-swing 7S &3 Zud vtadlgs FAstE9 du= 2
F5oHAl frk. olu Zga wiadlge] A pH 7F Zeldtel wel 74t aeee] kst
= FJEHE F87F 7bsetth pH-Swing 34 % A= o 92 Chloro—Alkali % 7] -3
5740l Seed 2H =X FAHA By H7]Ee A AYiE NaOH= CO, S0l AHE
HA "=, 714 Aol COye Hg Aol vbgAdo] vt dzke] FA190 NaOH= AF
4 COy 7h2=8t 3t WS A oA NalHCOs# Na,CO3° A& FxaHA €t o= A
A ol 2stE oibstE A o]d FAAA AAE wtdle FAESE 9 g FAkskE
Whgeto] Zhz; eibml ol 9 sk a S AAdsHAEH. HE A=) A ‘?.aﬂ A Aegd A
7= 9 2z AAES Inductive Coupled Plasma Optical Emission Spectroscopy

(ICP—0OES), X-ray Diffraction (XRD, Rigaku®] Ultima IV), Scanning Electron
Microscope (SEM, JEOL, Ltd.¢] JSM—-7001F) % thermogravimetry/derivative
thermogravimetry (TG/DTG, TA Instruments® SDT Q600)% Eﬁﬂ TAsI e, o &
Fall Fade wiE e EAlske '@kl o) ko] wE A 54 FHOH =S = 3l
ATt HAFTAPZES] =84 549 ®sts AgH A8 5EH~ HSH gdagt d424 ¥
Aol BAEEE A8 ToF HEEA &8o] ket ol U voprt AdE ZEA
29 71&A AAA elFAS HUEEH7] 9@ Aspen Plus Al E# oA Tools &83Fe] At
ALY EALE Hetdtt & dATE HriE VN 5502 9S €8 HredE=ds
AAGE a4 AAQTol e, AL7FsdS At 7lsolgbs Aol 9 97F Ao
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Enhancement of Performance on Ni—Based Catalyst in Combined Steam

and Dry Reforming of Methane (CSDRM)

DongHyun Heo - MinJu Chae - NoSang Kwak
KEPCO KEPRI Energy & Environment Lab.

Recently, climate change has occurring all over the world due to global warming. It is
important to reduce carbon dioxide emissions that cause global warming. The utilization
technology among Carbon Capture & Utilization(CCU) is a useful technology that
recycles carbon dioxide as a useful resource and turns it into a material with high
value. One of the CCU technologies, dry reforming of methane(DRM) has the
advantage of consuming two types of greenhouse gases, methane and carbon dioxide,
to produce syngas. Combined steam and dry reforming of methane (CSDRM) can
compensate for the disadvantages of DRM such as coke deposition and low H2/CO
ratio. In CSDRM, a study was conducted to prevent coke deposition by using a
Ni—based catalyst and to improve thermal stability for high temperature sintering. The
prepared Ni—based catalyst was tested under various reaction conditions in a fixed bed
reactor. CH4 and CO2 conversion, H2/CO ratio, yields and production amount were
compared through the CSDRM reaction, and optimal reaction conditions were
established to minimize sintering and carbon deposition. In addition, coke formation in
the used catalyst was observed while maintaining it for 50 hours for long—term
stability tests. From the results, the effects of reaction conditions and catalysts on the

conversion of CH4 and CO2 were suggested.
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Structural Stability of High—speed Rotating Gas Turbine Blades
Taehyung Kim - Yujin Park”
Department of Aeronautical & Mechanical Engineering, Cheongju University
“‘Department of Mechanical & Aerospace Systems Engineering, Graduate School,

Cheongju University

2 AT E AL oA ZFAER Edlo]l=e n&dHd did Fx2F HdE A
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Study on the correlation between ammonia mass flow rate and flue
gas composition using the Dynamic Time Warping (DTW)
technique in a 0.7 MWth coal pilot furnace

Sangbin Park”™ - Dongkwon Choi - Jiyong Hwang - Junhwa Chi

“KEPCO Research Institute Power Generation Laboratory

The widespread implementation of regulations on carbon dioxide emissions resulting
from the combustion of fossil fuels has prompted research and development efforts to
replace coal-fired power generation with alternative fuels. Hydrogen, biomass, and
ammonia have been identified as promising alternatives to coal. However, the use of
hydrogen for transportation, particularly by ships, poses significant challenges. Ammonia,
on the other hand, is a carrier gas for hydrogen and has similar heat value to coal.
Therefore, it is being recognized as a promising fuel due to its ease of storage and
transportation.

This study aimed to investigate the effects of ammonia flow rate fluctuations on
exhaust gas during an experiment involving co-firing ammonia at approximately 30%
based on the heat value of the amount of coal input into a 0.7 MWth single-burner
coal-fired power generation test combustion at KEPCO Research Institute. To inject
ammonia into the coal furnace in its gas state, a vaporizer was used. However, pressure
instability during this process caused by the phase change can lead to instability in the
mass flow rate of ammonia. Thus, this work conducted a review of the instability model
caused by phase change and utilized the Dynamic Time Warping (DTW) technique,
which is one of the time series analysis methods, to investigate the correlation between
ammonia flow rate and NOx concentration in the flue gas. The analysis results will be
used to predict the influence of the fluctuation of flue gas composition that can occur

when using ammonia in a coal power plant.
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Evaluation of the power generation potential of a four—sided
photovoltaic—powered electric vehicle

Jangwon Suh, Kangwon National University
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Development of a fire influence analysis application: FDT® Module

sHA &

TS 98 st A 22 aREe] gloy, Al&EAdI Fuldel aHE A
713 (AHD) 9] AAF A PS AFE-© = =
]

238 ol I gl weEka] B
AT sSAREArS] F4 I AAA gt FEHS AFs7]
gt HAom ] alfo] StAGFEAE Eutd ofEgAloldEs MEetarat sk, kA
AU o2 zreErslAl AT & 9 Ak 9 (Algebraic models)< Ab
&3to] 9 dAFolA w23 g&A0R SAAFEAE AAT 7 AEF o) AT
B8 2old oZg Aol AL ‘ZOI(Zone of Influence) AAEE’, ‘FDTS(Fire Dynamics
Tools) AAIEE 9 a4 9452 FAHT
B =R s

FDT® AR ES] F¥ 54L& SFPE Handbookel F55o] & AFHES FHOE w2
3 ZbAEHA A EA ] 1 2EAS st Aotk FDT® AR ES Ul&UX: HTML,
CSS, ARIEAHES AEsto] AREAZE oL FbdsiAl Arkes s3d = d=s AuHdd
AeiHA o] 2(UD S AREAE 228 AREHE WEA Y & s @ W5 49
(UX)& A3} 7] NUREG—-1805 FDT® AZ=AEQ Alat 75 BlEo, Fa4¢
& A5 WS (NUREG—1824 & NUREG-1824 Supplement 1) A4S Fo Jgwy AT

Aesh ANATe] FAY A5e Fa
FF B ATNA AL B FAIFENE murd o FeAelHe UH HAYE A
2

Key words: Fire protection, Fire influence analysis, FDT® (Fire Dynamics Tools)

o,

% ol 4

il

Ak 2 B e 9AHAANNsY Aos FIAALTAAGE] A
A ATAY e ArATI YTt (No. 2105031)
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Study on the design of heat pump cycles for high—temperature water
production using waste heat from the condenser in a pressurized water

reactor
Jin Man Kim, Cheonkyu Lee, Jung—gil Lee
Carbon Neutral Technology R&D Department, Korea Institute of Industrial Technology

S|EE AL BAE wEshA] FouAE Bdeet & ddr)7ier vlud ot
o 58S d F drWEd M3 AR FEEL ok B Al A e A
Y A= e H7](condenser)oll A WA= HAE o]&dl FH Al ieTE ¥
wat7]l fIg SJEFHZ Ato]F 7|2 AA ATE FASUT Wl TRl wE Alo]E 9
e vasty] 98l 459 dul(R245fa, R365mfc, R1233zd(E), R1336mzz(Z))E 4174
9o, AlolEF FAdo wEl 471%|(Single—stage(S), Single—stage with an IHX(SI),

Two—stage with a flash tank(TF), Two—stage with an economizer and an IHX(TEI))
o] B EPE Alo]ZFS At S A ST Wl GWPeE AtolE Tl wE 3
Re & Mgk A3 R1233zd(E)7F & Aol A AAIGE ApolFell 7hE A9he W
2 EAHAT. wEpA, AA g S|EFAZ Ato]Zell dHe Tl wAsts #HAs
& kil |

=
Aol B wEES S93 S 4971719 5858 =Y F As

¢

ARARE] F 0 AT 2023 RIS VAR 7 S AR 8 7te R 2
kWi HF=A] 21 7F8 4 (Etching Process)§ A W2zt A]2=8] 77 e] AA5tu] x4
3k A9 (No. 20014817)
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A Study on Non—Destructive Test Results of Seam Type Titanium Tube

Inchul Kim" - Kyeongseok Han
KHNP CRI

A4 F547](Main Condenser)= A4 AlSS 74sks 471715 o
w=, Z4zbe] FA= ASHERL ofgel fAetH FA W Ay AAPor HAHo
Atk AR Foll AGEHY wiESTIE FEFVIR S FYHol $HHL AR5
T3 AE o7 34 (Sea Water) 7} 5w}

© 40,00070°14 100,000707F A= 5o] o AT FAF wHAET
s¥stA = oy g A2 25.4mm, F7 0.71mme $F> FAY HEMHE A%
(ASTM B338 Gr.2)S AF&3tH, 8457 &=A45t= Seam Tube ©|t}.

a9 2 WA AR AR4S BAsT glov AAPye ddw £
Wi AT BRE Was] mEe FASEsE wEn UMz Sold mul
)

=
SE2215 o] 83 A FHAHECT ; Eddy Curretn Test)E F3§3taL At}

B omReAE $HR EASE Eeky A9w SLARAANA Aol $3¥ s wAl ol
EABE A%, AF wol 54 Aok dold W BHOR AR AY UB o] £AT
=4 49E Bo] AR 54 R
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Aging Status Evaluation of Nuclear Power Plant Cables using
Polarization Index(PI) Test
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Derivation of POD Curve Reflecting the Noise of the Steam Generator

Inspection Signal

dH S71EA7] Addel= v dsprt EAHa v ARUIEs 297 9 ue
7‘”]é T F FHE ot e AR ddd A HUHE skl v AAL
FNNHA S71EA7] D]l AAAS FAs=A gelstal
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Zﬂﬁ/‘é %7}«] A JEW A &5 (POD, Probability of Detection)
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A Effect Assessment for Fire Ignition Frequency by Fire Compartments
due to Change the Counting Method for Ignition Sources in Domestic
NPPs

24 ol d A3 7} (PSA: Probabilistic Safety Assessment) ol A
T8 AES AFHeR FE3ta, i}xﬂ%oﬂ Ul PSA tid 71719 & Aol
oF A% ZAME Fa gelgtt 1ol AT A T
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Optimized Process Design of Root Cause Analysis with Process Analysis
of Overseas Organization
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WAL A ZFplEell g W o R HAIA ghh B AFo A= vare] BHAR W AR
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Enterprise EDG
Study for Temperature Setting and Operating Condition of Lubricating

Oil and Jacket Coolant of Enterprise EDG
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A Study of Characteristic Analysis of CANDU Spent Fuel

Reflecting Irradiation History

TTE AL 3807 dERAYR FA Y

ZT0A AFEFARTE HEHE Aol webA, Yol AR

Ao MEE F-of

b 140 91K0]

S

Az 9
GAY 9~128 TPEAAE o] B3 T

]

E

o

2 olF

o A4A3A 4

ko3
T

AnAGzAA HA 6dold Fzhd o

HA" o 4 He EALET)

el

ol Apol 7 Ay

E
=

SEER:E!

}‘\l,

fo
TR

- 209 -



= 2023 Gho|R|EtE| EAIGHE YRS =

APR1400 94 =93 A57] F4APH(SAM) A5 &<
Performance Check of Excore Detector Shape Annealing Matrix(SAM)
for APR1400 Plant

APR1400 LZjA A H 5 A7 (CPC, Core Protection Calculator)©= & 4719 AME=
TAE Jdow ZF A SHY A4S Ve ATetE A" MY w9 ASTIE Fl
ZYWAEE AAtsta vk CPC EE X Alts 98 898X A2 =UAS7IE o &

A 9]&=9 (Core Peripheral Power)™ 2] A=7]2135 (Excore Detector Signal)9)
AAE Pz Jebd dAA 23 d(SAM, Shape Annealing Matrix) S AF-g&3e] A4t
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Performance Evaluation on CVCS for Flexible Operations
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A Study on Application related to Commercial Grade Design and

Analysis Computer Program Dedication

PEERE N R

FH5E U4 (F), FFAT4

1. A&

QA A Lo M tATH & (Safety Related Item)<= &H3thes WS IdsH 4
2ZRY 72772 FulstAY dukgtAE (Commercial Grade Item, ©]3F &%) A
(Dedication)& &3] &Fwdte 7 7}11 Wio] ok =ul FEE AT 71E7]1E2 KINS
RG N17.12¢] wg} EPRI NP—5652 Rev.0(1988)% A &3sla glon, tjx8 #%2& EPRI
TR—-106439(1996) & A&Foltt. m=e 48&#F HF 7|=7]+> NRC RG 1.164¢] wa}h
EPRI 3002002982(2014, EPRI NP-5652 Rev.1)S 2 &3l1, txd EFE°S EPRI
TR—106439(1996) 2 ERPI 3002002289(2013)5 A &3t ) old x4 8535

*Jﬁﬂ%](EPRI 3002002289)¢) 3t = AL AEE S35t} st}

Z A3FA A (EPRI 3002002982)o1 4 t]x€ A|ELS wAA SSCDo| "7l t
Xlé 7171 2 HFE T2 dda SSColl R4t obd AFFE TRaom vy A
A= 71 Oxd" A8E xHe EPRI TR-106439% A &3la, A=  EPRI
30020022895 &3t AlqF 71AH(EPRI 3002002289)94 & <tddd Ax=ES A
Aot e HAHY TR Hd7sE st 71 7H(Technical Evaluation) €t

234 (Acceptance Process)oll tidte] xA|stA Aatar, AA ZE Abd(Procurement

|

Example) & AAlsttt 7|3 7te §3to] & AF5AH02ZE U E(FHH)HE, &
PE 534, st=dle] s34, WAEA, AA 2 FEAEE, TS/, B, 4E
g, d¥tE RkEAg Fo] dom, EFAFE/AANATERL) 2 FuA AE‘A}(@%HJ%Z)EE
%6}04 AAAS H7red = dnk 7€ UAE AE8EAT VIsrlee f/58Y gAY 7]
7] 2 AFYH Z2a digh WES tFATE, AF VErEe ddd AnES A
dete 789 AFE Z2ad g 4S5 7IEWES AAEHA aEA §Y 7s7E
S I YA HEsod, hAddE ARES YAsE T2 2B &4, A
HAE B4, AFaslA 5)F e T JARNH AT FHORE b Bk 22
Mol 79 EPRI 30020022892 A 83l AEEHNZS E3le dSH FRoa FFo
7}%6117&&}.

3. A&

A ml=elA AE&FA AEFHST At 717 (EPRI 3002002982) 2 A8 A7 +
A T2 71%7]% 7] (EPRI 3002002289) thak 2-&Ad S Z2AFSEe] =) 2 -g-1kok
S AESY. AT 7IerlEe] Iuld =YgEvtd ks YAEr] 7] kA B A=A
ol & Ego] & o=z JgE

1) Structures, Systems, or Components @ 7%, A28 2 LA Q &
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A Study on Application related to Commercial Grade Programmable

Logic Controller Qualification

[P s R 2 e e R |

FEFE A4 (F), FIAT

1. 4848 PLC Anl9 bdew 5 55 9% 7Is71+)
PLC(Programmable Logic Controller)« HEHo= HAA7|A 2 @ 7|5 HAALAE
Ab&ste] TR A AREATE Ao Alo] Al FHsEF
go] =@ AZTEY RSoltt AAHUAH LA kAT FE(Safety—Related Item)<
THeE WWe dASF AARE JRVVE Felsy Lkt AE (Commercial
Grade Item, ©]|3} 83%) # < (Dedication)S &3t Fg3ste F 7H<] ol ) o] &
F8&% PLCE dHded #HoE FHsy] 98l EPRI TR-107330(Generic
Requirements  Specification for Qualifying a Commercially Available PLC for
Safety—Related Applications in Nuclear Power Plants)el] uwz} A7 2 A Z5] oo} 3hr},
w2 (EPRT TR-107330 #& =ie] 4718 sddF 3 7IsWd)
vZo| A= Algt CGID A F(EPRI TR—3002002982, EPRI NP—-5652 Rev.1)ol tlX]d
7171 2 A5E ZzEOY A5y ddhd 232 F 67F4 EPRI 7Is7]Eo] A HACH,
Reg Guide 1.164¢1X4 % o] & 5714 7]%7]=(EPRI TR—-107330 ¥ 106439)S <<
(Endorse)stSith. g2 A+2d A BAAAAR 78 BF 7-1.4 ‘A" HFH 7
W 1&C ARSI PLC AR&ell gk F7ExA 3 e a7 @ 5ARell digk AE el
Ak el Aol thate] EPRI TR-107330 2 1064398 283 AL &
ZIEodlA = 1) B 7l 54870 =8 ERIE 9 FH, 2 5, AZES O] J|F
), 2) 7I71AS v 5484 &4 WA 7S, EMI/RFI 7, ¢ F
(Isolation) 715, AA WA 7|5 % A 7% T, 3) AXZEd0] gl ¥
& a7% o] T AZE] 4 B HAFS fdiAe A FHES 229 &
2] &tol IEEE 7-4.3.2, IEEE 1012-19860°] wte} F3sta, 9x2 FARST Z20H0S
7FAIAL 94A gtk EPRI TR—106439% oAl 383 ZAS g-ghth. Al v
o A=S 8l A=A 2 ZHEL Triconex® Tricon PLC, Westinghouse® AC160
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A Study of In—service Inspection for Thermal Stratification/Thermal
Fatigue Piping in Domestic NPPs

Jin Hoi Kim" - Jun Seung Kang* - Gyoon Young Moon*
“Central Research Institude, Korea Hydro & Nuclear Power Co. Ltd.
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A Study of In—service Inspection for Interior of Reactor Vessel in Domestic NPPs
Jin Hoi Kim" - Jun Seung Kang* - Gyoon Young Moon*
“Central Research Institude, Korea Hydro & Nuclear Power Co. Ltd.
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Introduction on the Performance Optimization of APR1000 Steam

Generator

Yang Wonseok
Korea Hydro & Nuclear Power Co., Ltd.

dA 7= AAY Axs s AFHr AR 3] (Western European Nuclear Regulatory
Association, WENRA), TAEA, FHA9A 2 A (European Utility Requirements, EUR) &
FHAA AHE FTA HA 231E FFH3E 1000MWesd 929 APR1000 E=AAE /N
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Introduction on the APR1000 Design Optimization for the requirements

related to Design Extension Conditions

Yang Wonseok
Korea Hydro & Nuclear Power Co., Ltd.

TE AE UYstE 53 5 AAY AxE A8 AFH AR S (Western European
Nuclear Regulatory Association, WENRA), IAEA, S ZHAFYGAL A (European Utility
Requirements, EUR) & HA FHAAS 53 APR1000 EFAAE /MY Foltt.
W, ZFAEl Al o]F, YHAA 8o xE A V|FAFL(Design Basis Accident,
DBA)# T olyeg} AA7|FZ2HZA(Design Extension Condition, DEC)E A& ¢3 A
& dHlE ZFEs g9ske FAolt webA, 2 =iddlA= DEC #& Ae AA#AH
8315 AESFL APR1000 HA A wets n@s|riz) gt

APR1000 HA3} Wl €S 93] #ES 79 7|&7]|5S WENRA et HE 1A, TAEA
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3) DEC - AES A=% grE 98 v A4 93 18 7ts (RE &
Lis A A& DEC ka4 Al A= 7Hs (WENRA)
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Flow—Dependent Performance Evaluation of a Decay Tank for Research
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A Comparative Study on Environmental Performance of Nuclear Power
Plants in Korea: from the Perspective of Greenhouse gases, Fine dust,

and Resource depletion
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Physical Security of Korean Energy Infrastructures from a Risk

Management Perspective
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A Study on Establishing Performance Requirements for Anti—drone

System through Analysis of Cases of Introduction in Important National

Facilities
HAA= - AR - ZIs
St A2 FA 7= S A e

As drone—based terrorist threats increase worldwide, major domestic energy facilities are
introducing counter—drone systems to prepare for drone attacks. Since there is no official
performance test or certification system for counter—drone systems, energy facilities that
wish to introduce such systems must independently select and implement suitable
systems for their facility.

Based on published purchase specifications, we investigated and analyzed introduction
cases of counter—-drone systems in domestic important national facilities. The study
included ten facilities that pursued the purchase of counter-drone systems between 2019
and 2022. The investigation focused on RF scanners, drone detection radars, EO/IR
cameras, and drone neutralization equipment such as jammers.

In addition, this study derived procedures and considerations for establishing performance
standards for counter—-drone systems. To introduce counter—-drone systems, setting the
defense objectives of the facility and identifying the performance of drones that could
threaten those objectives is necessary. For facilities located in urban or tourist areas, it
is essential to distinguish whether or not the drone holds a threat to the facility.
Furthermore, considering the topographical features of the facility and the surrounding
environment, a threat scenario should be established. Including the approach route of the
drone, vulnerable routes should be identified. Finally, the minimum detection distance for
the drone detection system must be set to ensure that response personnel can secure
response time when threat drones approach the facility. Also, detection performance
standards must be required to detect all approach routes in the threat scenario.

This work was supported by the Nuclear Safety Research Program through the Korea
Foundation of Nuclear Safety (KOFONS) and the Nuclear Safety and Security
Commission (NSSC) of the Republic of Korea (Grant No. 2106014).
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UAV Detection Test for C—UAV Performance Test Methodology Development

As UAV (Unmanned Aircraft Vehicle) is one of the emerging threat in security field,
national security facilities have established C—UAV (Counter—UAV) to protect the
facilities against UAV threat. KINAC has tried to develop a performance test
methodology and standard/guideline of C—UAV. As a part of developing a performance
test methodology and standard/guideline of C—UAV, KINAC established UAV threat
scenarios to evaluate physical protection system including C—UAV. In order to assess
UAYV threat scenarios, KINAC conducted tests in Go—heung drone center to verify the
factors in the scenarios: (1) visual UAV detection by human (2) auditory UAV
detection by human (3) UAV detection by RF scanner.

For visual and auditory detection test, people who did not know where UAV came
from were placed at the test point. UAV flew down from 2 km distance to the test
point and then the distance where the people found and heard UAV was recorded.
Likewise, for RF scanner detection test, RF scanner was set at the test point and
UAV flew down from 2 km distance. In order to identify RF scanner's detection and
tracking performance, detection tests were conducted under several conditions:
sequential/simultaneous connection of several UAVs and high altitude (400m)/low
altitude (20m).

The purpose of this test was to determine the key factors for assessing C—UAV
system. The results suggest the surrounding conditions such as village, buildings, noise
are key variables for the probability of visual and auditory detection. The results will
be used to establish performance requirements of C—UAS and would support to design
and evaluate the C—UAV system.
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Poly (vinyl alcohol) based blended anion exchange membrane fuel cell
application

Iyappan Arunkumar®, Jeevitha ' Dong Jin Yoo %

'Department of Energy Storage/Conversion Engineering of Graduate School, BK21
FOUR, Jeonbuk National University, Jeollabuk—do 54896, Republic of Korea
“Department of Life Science, R&D Education center for whole life cycle R&D of fuel
cell systems, Hydrogen and fuel cell Research center, Jeonbuk National University,
Jeollabuk—do 54896, Republic of Korea

Anion exchange membrane fuel cells (AEMFCs) have received widespread attention as
promising renewable energy materials for future energy demand. However, enhancing
its hydroxide ion conductivity and mechanical stability is highly challenging for
profitable commercialization of AEMFCs. Therefore, in this study high performance,
cost—effective, bio degradable, synthetic membrane was investigated using poly (vinyl
alcohol) (PVA) blended with ion—conducting polymer/inorganic material as novel anion
exchange membrane. A series of chemically stable and high ion conducting
PVA/FAA/P—GNF semi—interpenetrating polymer network (s—IPN) membranes are
prepared by simple solution casting method. Initially, the piperidinium functionalized
graphene nanofiber was synthesized by direct grafting on the nanomaterial surface.
Then the PVA blend membranes are prepared in the weight ratio of 90:10—10:90 %
with 10 wt. % glutaric acid (GA) as cross—linker. The structural characterization of
polymer and membrane are analysed by H'NMR and FTIR. Surface morphology of the
membrane was analysed by field emission scanning electron microscope (FE—SEM)
and atomic force microscopy (AFM). Ionic conductivity and mechanical stability of
resulting PVA/FAA/P—GNF membranes are studied and discussed briefly. Further,
Alkaline stability, oxidative stability, swelling ratio, elongation at break, thermal
stability, and water uptake studies depict the utilization of these polymer membrane in

alkaline anion exchange membrane fuel cell.
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Synthesis of Brominated Poly (2,6—dimethyl—1,4—phenylene oxide) with
Polybenzimidazole Electrolytes for anion exchange membrane fuel cell
application

Ramasamy Gokulapriyan®, Iyappan Arun Kumar!, Dong Jin Yoo'?

"Department of Energy Storage/Conversion Engineering of Graduate School, BK21
FOUR, Jeonbuk National University, Jeollabuk—do 54896, Republic of Korea
“Department of Life Science, Hydrogen and Fuel Cell Research Center, Jeonbuk
National University, Jeollabuk—do 54896, Republic of Korea

Anion exchange membrane fuel cells (AEMFCs) are considered beneficial to their
counterpart proton exchange fuel cells (PEMFCs) due to their outstanding advantages.
Both fuel cells use membranes as polymer electrolytes to improve fuel cell properties
and peak power densities. However, the low hydroxide conductivity and poor chemical
stability of the AEMs are the current major challenges to their application in AEMFCs.
This work evaluates a series of Brominated Poly (2,6—dimethyl—1,4—phenylene oxide)
(Br—PPO) blended with Polybenzimidazole (PBI) for improving ionic conductivity,
water uptake, mechanical stability, and fuel cell performance. The Br—PPO was
synthesized from Poly (phenylene oxide) (PPO) with NBS/AIBN. Finally, the
(Br—PPO)/(PBI) blended membrane was fabricated via a simple solution casting
method by varying the amount of PBI in the membrane. The structural changes were
analyzed by nuclear magnetic resonance (!H NMR) and Fourier transform—infrared
spectroscopy (FT-IR). morphological changes were analyzed by field
emission—scanning electron microscope (FE—SEM) and atomic force microscopy
(AFM). The thermal stability of the blended membranes was analyzed by
thermogravimetric analysis (TGA) and differential scanning calorimetry (DSC). The
electrochemical performance was certainly investigated by commercial FAA3 with
Synthesized membranes. The obtained results indicated that the water uptake, water
contact angle, hydroxide conductivity, and mechanical stability were enhanced with the
addition of PBI. The overall result concluded that a Br—PPO with a PBI membrane

would be the efficient electrolyte for fuel cell application.
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Transition metal sulphides decorated with CuS nanoparticles for an
effective electrochemical CO2 conversion reaction

Murugesan Prasanna', Dong Jin Yoo !?

'Department of Energy Storage/Conversion Engineering of Graduate School, BK21
FOUR, Jeonbuk National University, Jeollabuk—do 54896, Republic of Korea
“Department of Life Science, Hydrogen and Fuel Cell Research Center, Jeonbuk
National University, Jeollabuk—do 54896, Republic of Korea

The best technique to get around the obstacles in CO, reduction reactions is through
electrochemical reduction. This is the easiest and most promising tool available right
now. The thermodynamically stable CO, molecules are the product generations at the
potential window (—0.33 to —1.90 V vs. RHE). To achieve improved selectivity,
stability, and faradaic efficiency, a well—designed electrocatalyst must be created.
Despite the reported lack of selectivity and stability barriers, copper—based
electrocatalysts produce better outcomes. Regarding this, transition metal sulfides offer
special qualities including a large surface area and simple electron transport. Here, we
have created transition metal sulfide nanosheets adorned with nanoparticles. It has a
high faradaic efficiency and can speed up the CO, reduction reaction. Also, we have
utilized other investigations, including XRD, XPS, FE—SEM, EDAX, and HR—-TEM to

confirm the material formation.
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Iridium oxide nanoparticles coated MnOZ2 nanorods supported on reduced
graphene oxide as efficient electrocatalysts towards oxygen evolution
reaction in alkaline/seawater

Karthikeyan S C!, Dong Jin Yoo 2
"Department of Energy Storage/Conversion Engineering of Graduate School, BK21
FOUR, Jeonbuk National University, Jeollabuk—do 54896, Republic of Korea
“Department of Life Science, R&D Education center for whole life cycle R&D of fuel

cell systems, Hydrogen and fuel Cell Research Center, Jeonbuk National University,
Jeollabuk—do 54896, Republic of Korea

Clean hydrogen becomes a promising candidate for the next generation fuel
requirements replacing traditional fossil fuels. But the high cost and limited availability
of noble electrocatalyst materials like Platinum, Ruthenium and Iridium limits the
widespread usage and commercialization. Recent researches are focused on providing a
suitable low cost electrocatalyst with non—compromised electrocatalytic activity for
oxygen evolution reaction. OER, the cathodic reaction for batteries and water
electrolzyers, still remains as an enigma due to their reaction kinetics. It becomes
inevitable to overcome the sluggish reaction kinetics in order to enhance the water
splitting and other renewable techniques. In this work, we demonstrated a
hydrothermal synthesis of Iridium oxide nanoparticles decorated over the MnO2
nanorods with rGO substrate as an efficient electrocatalyst and analyzed their
electrochemical activity towards Oxygen evolution reaction. Physio—chemical
characterization such as XRD, FE—SEM, TEM and Raman analysis confirmed the
formation of the Iridium oxide decorated manganese oxide rods supported on the
reduced graphene oxide substrate. The Electrochemical characterizations such as cyclic
voltammetry, linear sweep voltammetry, electrochemical impedance spectroscopy and
chronoamperometry demonstrates its superior electrocatalytic activity with very low
overpotentials, faster reaction kinetics and high stability in alkaline/seawater

electrolyte.
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An efficient transition—metal sulfide electrocatalyst for COy reduction

reactions

Palanimuthu Naveen Kumar', Dong Jin Yool?

'Department of Energy Storage/Conversion Engineering of Graduate School, BK21
FOUR, Jeonbuk National University, Jeollabuk—do 54896, Republic of Korea
“Department of Life Science, Hydrogen and Fuel Cell Research Center, Jeonbuk
National University, Jeollabuk—do 54896, Republic of Korea

Electrochemical carbon dioxide reduction reaction (eCO2RR) is a promising method to
control environmental pollution and geothermal reduction. Prodcuing highly selective and
active electrocatalyst is a challenging task for peculiar conversion pathway.
Transition—metal sulfide (TMS) has gained considerable attention as a promising
metallic catalyst for CO, reduction reactions. TMS can also improve electron and ion
transport during the reactions, and this property leads to ultimate stability. A porous
copper foam conducts interlayers on metal sulfide ZnSs; through in—situ hydrothermal
process which can be used as an efficient cathode electrode for electrochemmicla
carbon dioxide reduction reactions. As part of the feature characterization techniques,
we have been carried such as X—ray diffraction techniques (XRD), thermogravimetric
analysis (TGA), field emission transmission electron microscopes (FE—SEM),
energy—dispersive X—ray spectroscopy (EDS), high—resolution transmission electron
microscopes (HR—TEMs), atomic force microscopy (AFM), X-ray photoelectron
spectroscopy and inductively coupled plasma optical emission spectroscopy to identify

the successful formation of in—situ ZnS,.

- 241 -



m 202345 ShEo|Lfz|3te| 2ATHEHIET]| =

Rational design of LDH/ternary sulfides heterostructure and iron oxide
nanorods on three—dimensional hollow porous carbon nanofiber as high
energy density hybrid supercapacitor

Milan Babu Poudel’, Dong Jin Yool
"Department of Energy Storage/Conversion Engineering of Graduate School (BK21
FOUR), Jeonbuk National University, Jeonju, Jeollabuk—do 54896, Republic of Korea
“Department of Life Science, Jeonbuk National University, Jeonju, Jeollabuk—do, 54896,

Republic of Korea

The critical challenge of supercapacitors lies in sluggish kinetics of electrodes and
undesirable specific capacitance during charge discharge process including large volume
change and inferior cyclic stability. Herein we designed three dimensional hierarchical
heterostructure comprising ternary metal sulfides completely covered by nickel cobalt
layered double hydroxide (NiCo—LDH@ZNCS) core shell arrays on electrospun
three—dimensional porous carbon nanofiber and used as free—standing electrode
material for supercapacitors. The original built—in interfacial potential between
NiCo—LDH and ZNCS on conducting three dimensional hollow PCF can acquire
multidimensional channels for ion/electron transfer and validate to be a highly
capacitive cathode material with a high specific capacity maintaining outstanding rate
performance. The iron oxide nanorods (Fe;O3—PCF) anode match well to the cathode.
Benefiting from the powerful synergistic effect, the assembled quasi solid state
asymmetric supercapacitor can deliver ultrahigh energy density and power density and
extra ordinary life cycle. Such superior electrochemical performances are attributed to
the multidimensional nanostructures, porous carbon networks, improved conductivity,
and synergistic interaction between the active components of NiCo—LDH/ZNCS arrays.
This approach provides a new perspective for rational design of high energy density

hybrid supercapacitors, holding unbounded possibilities in this energy dependent world.
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Rational design of nitrogen—doped, carbon—encapsulated platinum
nanoparticles and cobalt oxide nanosheet embedded porous carbon

materials for an efficient electrocatalytic hydrogen evolution reaction

Mohan Raj Subramaniam', Dong Jin Yoo%?

"Department of Energy Storage/Conversion Engineering of Graduate School, BK21
FOUR, Jeonbuk National University, Jeollabuk—do 54896, Republic of Korea
“Department of Life Science, Hydrogen and Fuel Cell Research Center, Jeonbuk
National University, Jeollabuk—do 54896, Republic of Korea

Efficient electrocatalysts are essential for the generation of green hydrogen from water
electrolysis. In the present work, nitrogen—doped, carbon—encapsulated platinum
nanoparticles and cobalt oxide (CoO) nanosheet—embedded porous carbon materials
(PtCo@NPC) are applied as an efficient catalyst in hydrogen evolution reaction (HER).
The formation of good crystalline cubic phase CoO nanosheet and cubic phase Pt
nanoparticles was confirmed through the X-ray diffraction (XRD) technique. The CoO
nanosheet morphology and carbon encapsulated Pt nanoparticles embedded in porous
carbon materials morphology were confirmed through scanning electron microscope
(SEM) and transmission electron microscope (TEM) analysis. The electrochemical
properties of the CoO nanosheet and PtCo@NPC were measured in an alkaline medium
of 1.0 M KOH. The CoO nanosheet provided a current density of 10 mA/cm? at an
overpotential of 274 mV for the HER in 1.0 M KOH. The PtCo@NPC delivered a
current density of 10 mA/cm? at an overpotential of 36 mV for the HER in 1.0 M
KOH, which is better than the commercial 20 wt % Pt/C catalyst. Moreover, stability
1s one of the main factors in defining the feasibility of electrocatalysts in industrial
applications. Both synthesized cobalt nanosheet and PtCo@NPC catalyst materials show
more than 100 continuous hours of stability, which is recorded in 1 M KOH at 10

mA/cm? current density using chrono—potentiometry.
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A highly stable Co30,~GDC nanocomposite cathode for intermediate
temperature solid oxide fuel cells

Seung-Bok Lee*, Saeed Ur Rehman
High Temp. Energy Conversion Lab., KIER

Here, we report a cobalt spinel oxide (Co304) and gadolinium-doped ceria (GDC)
nanocomposite cathode to achieve superior performance and durability in solid oxide fuel
cells. A simple sol-gel process was used to create the Co30O4~GDC nanocomposite, which
allowed for separate precipitation of the Cos04; and GDC phases during calcination.
HR-TEM revealed the nanocrystalline nature of the composite, consisting of
nanocrystallites ranging in size from 5-10 nm. XRD and HAADF-STEM showed the
formation of two distinct phases. The SOFC, consisting of a Co30,~GDC nanocomposite
cathode, showed high durability while operating at 800°C for 300 h under a galvanostatic
load of 1 A cm™® The SOFC exhibited a continuously increasing performance, achieving

a maximum power density of 1382 mWcm °

after a 300 h operation. The findings
demonstrate the efficacy of using Co0304~GDC nanocomposite cathode for superior
electrochemical performance as well as durability for the advancement of SOFC

technology.
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Design of a Vertical Upward Air Charge and Discharge Elastic Container
for a Hydrostatic—pressure and Fixed-pressure Compressed Air Energy

Storage System
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A Case Study of Energy Consumption Disclosure and Performance

Improvemnet of Public Building Business in South Korea

- Ahn, Chung—Won

- Lee, Young—Won
Department of Green—Building Center of Korea Authority of Land & Infrastructure Safety
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Prediction of Carbon Allowance Prices in the EU—-ETS

Using a Geometric Brownian Motion Model
Gwang Goo Lee - Hongrae Park - Jonghyun Kim

Department of Mechanical Engineering, Keimyung University

In order to achieve carbon neutrality, major countries and regions (such as EU,
Western Climate Initiative, Regional Greenhouse Gas Initiative and so on) are allocating
a part of greenhouse gas (GHG) emission allowance to auction systems to strengthen
the efforts to develop GHG reduction technologies. The stable operation of the carbon
trading market is of great help in improving the cost competitiveness of GHG reduction
technologies. Recently, the cost of carbon capture facilities in large—scale plants has
been reduced to a level close to the price of carbon allowance. Accurately predicting
when the cost of GHG reduction technologies will become lower than the price of
carbon allowance could be important information not only for engineers but also for
policy makers. In this study, the geometric Brownian motion (GBM) model was used
to analyze the price behavior of carbon allowance in the EU—ETS (Emission Trading
scheme), which accounts for 90% of the global carbon markets. Using the daily price
data for 10 years from 2013 when EU—ETS Phase 3 began, it was verified whether
the price pattern for the latter 3 years could be predicted from the statistics for the
first 7—year historical data. According to the analysis results, it was confirmed that
the GBM model can predict the upper and lower bounds of the actual carbon price in
the market. Based on the predictive ability of the GBM model, simulations were
performed using the price change of carbon allowance over the past 10 years, showing
that the carbon price would reach a level of at least 200 EURO/tCO2 by the end of
2025. It is higher than the installation and operation costs of carbon capture facilities
currently in the demonstration stage in various plants. It means that the development
of carbon capture technologies should be accelerated because they can be sufficiently

competitive in price within the next three to four years.
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Aging Status Evaluation of Nuclear Power Plant Cables using Partial Discharge(PD) Test
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Aging Status Evaluation of Nuclear Power Plant Cables using Fourier Transform
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based on 3D Model of Nuclear Power Plant
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Analysis of the theory and development methodology on seismic fragility

A8
B AN FLAT FAATA

M P o] A7 ek AH 7HIPE, Individual Plant Examination)o] = W@ o H-%
H7HSMA, Seismic Margin Assessment)®} &E&2 A3 A H7HSPRA, Seismic
Probabilistic Risk Assessment)7} ©]-&% ™, XA ot wAEMNESE HPgFHo=
Hrlelok & wel= FEEA AX A E7HE gt

:

o>

GEEA AR A Hrbe JEARR o &H = AXFHGEE V79 HAAA] HeH
SHS sy g A, Ve 2 APy B ofg dig EEAke] 93|
AeHr}. EPRI TR-103959(1994) A k%= 7 HE, EPRI TR-1019200 A H = A&
2%} Update, EPRI TR-3002012994(2018) E&&4 A7 HAdH7E 918k A1 FHoke 2 yixl
o AFel| wEH, AWTtEE(a)-TF2E/7]1719 HE & s SASEP) 1 I dF
A ER PEEY olE FARETFRE Uil AS AR FHw FHMoR AHositt = 7}
ANEE A9 134 AT TAIZES Pla)=0w=E HoES oust}. 7|4, ue
G AM7FEE(a), gtz B T4t AR (a9t deFEsd1xH(p)ed sl
dolEe xEsh AargERgelth. ARF A= A AR e og EeAd BEA(6,) %
F7HARI AR-ATEE AAAE F fle FEAAA WEAA5)Y] FUHA WEAde] EAsk=d],
A9 MEAde SEEES B4 S FAREER AdE 349 Ve dFS 71AH,
EAY M-S T4 Aol S 7A webA, A3 AR = T WS
% 2dsk= ol A ¥ (Double lognormal distribution) 22 o] &3t} B FHofw
oA Fgt AT E(ay) ot A T8 dirisaaket B9 disxsdatbe] At
Aw 7 SRUFEZAAB)E BF2 FARETFE AAst] 3 Adm 348
Aolst = glom YR oJFEH oA o885 = HCLPF(High Confidence Low Probability of

W%

Failure) WX/d52> 95% 2l=|%o F4at s 5% W& Hs TALES 1835
amexpl-1.65(3,+B8,)]1= A 4= ok v, B 52 T iRl 5 A
TS ol Agoll= T UIFEEHAKG,, B0 B3 tlaTlAK G HAE Ao WA
Hde] WAoo g wEsle] anexp(-2.36.)9 A HCLPF#oZE AAE 4= Qrh

5 Akl 7P BEA Rl Wl W2 H(SOV, Separation of Variables) ol 4=
A AT TR AW (e E AT W 7 ARPGAre)Ol A AT Fea), 7171 SH
H3tl EPRI TR-3002012094(2018)0 w2, af4]o] 23t
R TEE SHATE aelskay Al o3k 717] FHefwo

o
TEE SPARE Tedch RO o BEEAs Baby o EERdke
[e]

=

2l
&
=
-
=y
BN
il
olo
ofl
)
4
=
it
I Ry o

o] S 54 dasel tieis AR 52 S diee At

onz sy AL Ws) Fuskel ANA%EE 49T Bt 9l



= 2023 Gho|R|EtE| EAIGHE YRS =

BE524 AAANE B} o]2 BA
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Nuclear Power Plants
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A case study of diesel engine fuel transfer pump diagnosis
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