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Symmetric Stackelberg Equilibria in Shared Energy Storage System

A # - =AA
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The co—ownership of energy storage system (ESS) has been proposed to relieve the
cost and maintenance of ESS. It introduces complex strategic interactions among users
who operate the shared ESS and the users who utilize it. Different from the
conventional centralized energy generation/distribution scheme, the smart grid is being
operated in a more decentralized manner such that each user can determine whether to
sell or buy the energy from their users, ESS operator, or central grid; and the smart
grid operator can make a decision for regulating/facilitating the energy trading among
users. In order to model the problem with a hierarchy among self-interested decision
makers, it is adequate to approach the given problem as a Stackelberg game. In this
study, we provide a new game formulation for a shared ESS energy trading game
(EET game) and proved the existence of a generalized Stackelberg equilibrium and
suggest the generalized computational method of the symmetric Stackelberg game.
Then, we validated the effectiveness of the proposed approach compared with the
individual model, random price model, and generalized subgame perfect Nash
equilibrium model, in terms of total energy cost, and peak to average ratio of the
energy demand, by using numerical simulation with the real energy consumption of

users.
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Comparative analysis of domestic/overseas LCOE by major energy

source

R R E N L E
s G, SR el A58 SR, “aHAd A7 EH A

71538} olqr 5o AAl oA Al WEE ol vgdt olux e A" E ot
s AL wig- Tastt 2 A8 542 Ul HA ARE NG dUAdE o3k
& (Levelized cost of energy, ©|3F LCOE)=& FA3&tal =ul-¢] 7]& LCOE ZA¥}te} Blals}
= Aolth. 24 o AAUAR] B, ST, AdTHol, dEuAd At
g, A, Zhaddeltt. #A4A sl Ao ux LCOE= sfe] LCOERT & 54
frAStIL 9l Wi, Ak o] LCOE: & 9] LCOERY v & fAsti Sl
Ao yeEt. 3 2 AgelM F43 =W LCOE +4 23 7|E = 4 23R
o AAedA e Ag stopon, dEdyA= Fopxl Aow FAHATY. & Ao 2
= FF duA A A B oodyA R&D A= Y sl VxARE 48" F ds
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A Study on the Solar Market Potential and LCOE Calculation using
Grid—LCOE Calculation Potential Estimation Model : A case of South Korea
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ANAAGAA T AAGANAAATE, el JGA] 7] ad T A YA A =l 4 =

2 AFdAeE FAFI LCOEE dAAlstd 48 = Q&

Calculation Potential Estimation Model) R @S F%38}al, ol& &-83lo] sharo] HYH
AR LCOESE A5 A48 -4 dadTtel 7ukste] ejdFd Az A9
2 EFAAE gdeta, EFAA GAE A" FFes @.%3}93\5}. d TESE e
10RF] o] AR}e] A FFals JHste] DBst gt 5, 2+ Az}
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A study on policies for promoting PV through introducing community

solar system
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weaol @) Ao R Y olgAe] HEE FHAL & A= AR DAY Lo
We vhiss o] Fastth olF s A FuUlw, AWuRAL, AR, AGFH
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A Study on the Response Strategy of the Renewable Industry to the
E—Mobility Growth(2/4)

2949 - 239 - 3 - 199
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Net—Zero and Climate Change Adaptation - The 3™ Korea National
Climate Change Adaptation Plan
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Demonstration of convergence process using compact COs capture and

utilization on flue gas of urban CHP plants for Net—zero
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Decomposition analysis of greenhouse gas emissions in the power
industry in Korea since the COVID—19 outbreak

Nyun—Bae Park (dhdwl)

‘R&D Planning and Coordination Division, Korea Institute of Energy Research

Korean electricity demand has decreased by 2.2% compared to the previous year
since the COVID—19 outbreak in 2020. By sector, industrial use decreased by 4.0%,
service use decreased by 2.0%, and public use decreased by 3.4%, while household
use increased by 5.1%. Monthly electricity demand declined the most in August 2020
by 6.2% compared to the previous year. In 2020, electricity production decreased by
1.9%. By energy sources, nuclear power increased by 9.8%, renewable energy
increased by 19.8%, while coal decreased by 13.6%. Monthly power generation
decreased the most in May 2020 by 6.2%. In 2020, greenhouse gas emissions from
fuel consumption in the electricity generation decreased by 14.1%. Population growth
and increase In power surplus production caused an increase in emissions, but the
effect of a decrease in per capita income, a decrease in electricity sales divided by
GDP, mix of fossil power generation, and a decrease in emission intensity of fossil
power generation were more effective. However, as electricity sales and greenhouse
gas emissions gradually recover to the previous year's level from the end of 2020,
measures such as demand management, transition to a decarbonized generation, and
emission intensity reduction need be strengthened to achieve Korea’s carbon neutrality
by 2050.

Acknowledgements : This work was conducted under framework of the research and

development program of the Korea Institute of Energy Research (C1-2443).
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Qualitative study on the difference between the cost evaluation
performance test efficiency and the actual efficiency of a solid fuel

thermal power plant
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High—Performance Thermal—Insulation
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Analysis of Damage Effects of Mobile Hydrogen Charging Station
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Analysis on Hi—Hi Level Cause for Low Pressure Heaters

4218 (Seok Yoon Song)

Sl B A () T9 AT Y(KHNP—Central Research Institute)
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= o AAH LA A = F57E 7] (Feedwater Heater) & 30 o]k Ab
q
[e]

S mep & 2 A v]go] FrtE A vk HA, FA 2 s o)gk dE P (tube)
o] &4 g Qg A FA(shel) HF B F4F 75 (wall thinning)°o] w57F47] 9]
FE Aotk dF AYETrrdre d9eE AuE EAdEe] wAHS o, oty
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Hj5 e Aoy NEE 60%/62%/25~68% % WEHn A= gt 19 Aga57}F
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aL gl
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Analysis of Performance Test for Upgraded POSRV

421§ (Seok Yoon Song)
ZE(F) TU4ATYL(KHNP—Central Research Institute)
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POSRV(Pilot Operated Safety Relief Valve)™ A Ao X2 P 2HA) A& 7
o B3 9 SE5UY VIS AT b7 Aol 419 POSRVZE AX| = o] glaL, 1t
o] POSRVE 2709 AXFEutd 2EWMHE (SLPV), 2702 REF5ZAe Wy, 27)9 %
AegH, o] FREFERAREWE (MOPV)Z FAH ] et

APR1400 ZE=AH] = E‘?Qlﬂ POSRVi= & WH9} o] FE(pilot) WHO FA4E ofe
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2. 7143 POSRV BsAd &4

POSRV 5 " H(main valve)= TR o2 A5 gla, AW el Aol =F=o] 3

o AEE B EAe] SR glojd WB Ao 2k WSt wpeb F/87 0] Ao
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W7 8 AEr] Wiz g FodE gy Aw e a2 fpAel] ok ddel ofs) &
=7F WA "l

T oEE gE e WSS kv sk dA Sl A, Eakgrld ofg U
Aol A&HQ 7hdS Weliste] WHEA GF 27t FastA "k o] AejelA
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Study on Fluid Flow in a Large Active Area Flow Field for Polymer
Electrolyte Membrane Fuel Cell for Buildings Using a Downsizing Model
U2 . A2 . EgFis . T2l

A S A AE S, FER A EA T ARAA DT,
AMAA R AzE T
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3 A FEl#d2 ¥hE 71AlE MEA(Membrane Electrode
sa % Ewjetar dr)sieinukgol ol AAdE AAE At
o, thgee] Al 43 Al MEA 2 GDL(Gas Diffusion Layer) #-& 7144 ZAdo] vhe 2E
59 AAA A& FPgn. 7Ee] A8 dRdA FYaE & A7IA=Ad Y shekA
g AE 2zt FHE(carbon) AlE HEHE FE ARESITE AW A4 2 3 Gt
aztel7] wiitel 7HAAAY SRE s Eewe] ThAoF & EAS wESHAE, 71
o] AHet =L AEE A5HA] F83 /o] Qs £ AT+ el
goz T2 AEHI e TE5(Metallic) #2ldS AE3le] A7ty &8 d8dA
Heas e g 7= A =

Single Cells& A7, @4], A|2sto]
de wotsta, olE Fi e FRE HAY GD

.

©
o2 AA FA4 f& 7

AT T IA, AP A7 B S T =S AsdA EYwe] 48 vted a5 &
g3 Fd HAT F A FAES A SIRlAL, F MY F EEE feds A&
&9t} Channel Typeol %%, Metal Foam7]¥t %%, 22]3 3D Fine Mesh Typed
fredo]l 2Aolnt. B, &4 wAo] tiH A o] HuA AT £ e EAHeR dgst
A 23 = AAZ 98] WS Flooding? 43 el ¢l GDLO| S8 WFys|o] 7hx
+a AMEE T GDL el HEHAT. A9 BIHE Foli, APHE o
7] 93 A PAEH (Design of Experiments)S AR&ste] mEly 9l Ao {83 a9l

(Factor)®@} 5 (Leve)S Z FE5#AEH=E AAA3A 1L, COMSOL MultiphysicsS ©]-&3F]

40cm?e] &4 WAS zk= Downsizing Single Celle] AAF §-A4 A EdH ol HAS 2835+

71 A3, GDLO v&E(porosity)o] WHg&E2 #dd gl 7MY & 9F&S viv= A
S Fgelglon, Y HZFAANA Metal Foam %57 °] Channel Type %% Ht} 9+
FrAlel wdg Bl 2 = A a2 o] o Houte As AT F UUT. FF
AL dsgdx] EA(nAHY A-AF 4, 350cm® o] iy MEA &8)S a3t A
oAy AAs Fd AAl A SAAAMY AeH WTEE Gk, oF Sl e
ZF HES ARAA g dud F5 B AAY AR E Fold 71ostaixl g
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PEMFC 5kWH 4Ad ds5xa8 %X wk$7) 7

Development of PEMFC 5kW compact steam methane reformer

$73Y - £4E - AT - AAF
FATP B AEATY FhIEATL

Q=
B AFoM = STREES 719 shiftWhg-715 Ze2A71A @il 2k FujEe] W25 Ao
&t7] 9%k wkgr] dudr|E HA e fR= AAENY. d=d FA A 5 dAEY 5kW
ARAGGAE Azstel ME7] des B A HAEZ wgA7], 2 ME=R
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Rhenium& ZFv|E AFE-3 Pt/Al,05 Fwjjof A <]
Perhydro—dibenzyltoluene B3-S A At A A+
Promoting effects of Rhenium with Pt/Al,Os; catalysts in
dehydrogenation of Perhydro—dibenzyltoluene

BAFL . AREL - o @Gh
s veta sl AW E e, KU-KIST AuA84ujste ez

M

71§ ko] wet 2 7FuEol oigk qfAlvE s ETEA Al | A et A
o Qloh, SEA|INE Al Aol A o A W EEHAA, dyA] Faxete] W oA F9
4w Zoll A AG7|Eo] UFEH FAE o83 dUA] AFV|Eo] AFEHE FA
olt}, E3] iR AAA7]<4 F9| Liquid Organic Hydrogen Carrier(LOHC)E @9

et oy A EF B AT HolA FgAdo] Eol 4 HHAR o] &
sh=dl o] o] o] FHREal 9l Eofo|t).
< A5 Q= Dibenzyltoluene(DBT)E & 4243 TH3 kA3 EAocw F9
3t LOHC EAzA Hrka ok kX9 DBTE 290 C mgke] A 204 gt 3huke
O] uf] - %‘3}"’ Hauwo] glom, AA &7 elA |

A /‘}oﬂt Pt/Alzos Z o] ZZFvwj 24 Rhenium(Re) 7}3ko = 4 7<1%°ﬂ/‘1 =2 g
S HA3 2= Jids] DBTY AHS =884}
MatEl Pt—Re/Al,O; &= sequential incipient wetness methodE E3 TAsd o,

TPR, XPS, Raman sepectroscopyS ©]-&3}e] £A435}3 ).
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A Study on Changes in Activity of Direct Synthesis of Hydrogen
peroxide according to the type of ligand

The hydrogen peroxide, which i1s considered to be the most environmentally
friendly oxidizing agent, can be used in various ways in the production of chemicals
through the bleaching of pulp, oxidation process, and wastewater treatment.

However, such hydrogen peroxide is mainly manufactured by the process of an
anthraquinone oxidation process (AO process) having various problems such as
using a complex process structure and a large amount of organic solvents.
However, there is a direct synthesis reaction that directly produces hydrogen
peroxide from hydrogen and oxygen gases. This reaction has several advantages
that can solve the problems of existing processes, but there are still several
problems such as low selectivity which blocks commercialization of DSHP
processes. Therefore, as part of the catalytic development for this direct synthesis
of hydrogen peroxide, most commonly used palladium-silica catalyst was tested by
attaching alkyl silane ligand with different carbon chain lengths, and the change of
activity was observed. Various characterization analyses were conducted to find out

the cause of activity enhancement.
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ol nge ASAAE AT FNE J|AH 2 AVsEE BsE
7FA & rGO/TiOo/PAES/Xwt% EH3 =] §4AF
Characterization of rGO/TiOs/PAES/Xwt% composite membrane with
improved mechanical and electrochemical propeties for anion exchange

membrane fuel cell

A3 - R

S 7HAE AEMS AEatr] 98 UeFr1Ee rGO, Ti0E i3t 4xt3td Z2 (o}
il ol AE)(rGO/TiO/PAES/Xwt%) H3uhs AAsgicth. 243 dA=RE WA
4,4°=bis[ (4—chlorophenyl)sulfonyl]—1,1’=biphenyl), 4,4’—(9—fluorenylidene)diphenol),
2 4 4'—(hexafluoroisopropylidene)diphenol) @I A& ©|&3le] PAES ddFTTAE T
sttt o R PAES WHFFHAC 4z dERE AE&VIE =ddE] Sds
chloromethyl methyl ether®} ZnClLE o]&3le ZF==2wEs HIeS
trimethylamine& ©]-838te] 425} ®b-g-& Z183}o] pristine QPAESHHS Al £33t
207, rGO/TiOy/PAES/Xwt% EF=E rGOTH(2 wt®)S AT F, TiO, FZ(1, 3,
5, % 7 wt®)ol wet Azsdth. AlxE rGO/TiO/PAES/Xwt% 3372 'H NMR,
FT—IR, XRDE &8 F+XEAS #3391, ionic conductivity, water uptake, swelling

ratio, ionic exchange capacity A& &3l 27|84 EAHS &2t}
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Synthesis and characterization of Iron—nickel core—shell@ 3D porous
carbon wused as efficient Oxygen evolution reaction

*®

S. Ramakrishnan! - Ae Rhan Kim! - Dong Jin Yoo !
! Department of Life Science and, Jeonbuk National University, Jeollabuk—do 54896,
Republic of Korea

Development of 3D porous core—shell nanostructures with highly active, durable and
low cost electrocatalyst has a significant role in development high power efficiency
energy storage and conversion application. Herein, a novel synthesis method was
developed for fabrication of the nickel and iron core—shell on highly 3D porous carbon
(core—shell NF@3D porous carbon) by facile hydrothermal calcination route. The
porosity and core—shell structure of electrocatalyst was obtained using calcination of
electrocatalyst at 600° C. The resulting catalyst was characterized using various
analysis techniques such as X-—ray diffraction analysis, micro—Raman, X-—ray photo
spectroscopy, scanning electron microscope and transmission electron microscopy.
Owing to large surface area, 3D porous network and strong metal core and shell
interaction, the optimized electrocatalyst shows excellent electrocatalytic activity with
lower overpotential 240 mV at current density of 10 mA cm—2 as compared to
benchmark catalyst of RuO2. Further, we investigation OER durability test using
chronopotentiometry over 30 h at constant current density of 10 mA cm—2, results
shows there no significant changes in the potential over 30 h. Which confirm excellent
durability of electrocatalyst of core—shell NF@3D porous carbon. This work provides
new pathway for development and designing of 3D porous core—shell electrocatalyst

for energy conversion and storage applications.
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AEMFC AH£2 93 Morpholine®.2 7|%3t8 X4 1829 Side Chain
Zold E EAT
A study on Properties of Branched Morpholine—Functionalized

Copolymers according to Side Chain Length for AEMFC Application

asdeta vekel, Fohdietm ol U A A A M eEets, dudAAE AF7IRED
AP, PRt A ARSI, B ATALAE, TR st
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32 ko™, side chain Holdll wE Al 7FA] FFHo &5 vl AFste] FAY
Zo A YEhde 548 BRaAk gtk WA v 2dEa, ¥ (4-dto]| =5 A ) A E, b
FHEF Q2 LS o] &3t WAAXFNSS T3 Z(olde ol HE)(PAES) WH
TEEAS FARAT. o) F EvlE ARTFAAE 4447 -EFSo| =2 =TI
el FAE ot BERTedA fARRE dEE X e aEAE A
A ZE(olEA o H¥E)E 'H NMR, 2 F3 A2v &89 (GPC) FAHS T8 +
Z A WY, 44 548 Hrkstr] A8 4% BAVI(TGA)E SA s, o
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Ultrafine tri—metals developed over CeO2 on NS doped reduced
graphene oxide as an efficient oxygen reduction reaction electrocatalyst
for ethanol fuel cells

Logeshwaran Natarajan' - Dong Jin Yoo ?*

Department of Energy Storage/Conversion Engineering of Graduate School, Hydrogen
and Fuel Cell Research Center, Jeonbuk National University, Jeonju 54896, Republic of
Korea. “Department of Life Science, Jeonbuk National University, Jeonju 54896,

Republic of Korea.

An economical utilization of precious rare earth material is far—reaching, focusing on
current and upcoming researchers in fuel cell applications. Tri—metal based
electrocatalyst exhibits efficient electrochemical activity and stability in Oxygen
Reduction Reaction (ORR) and Alcohol Oxidation Reaction (AOR), respectively, for
both acidic and basic electrolyte media. Herein we have developed a low weight
percentage of precious earth metals on highly radical scavenging non—precious CeQO2
supported with sulphur and nitrogen co—doped reduced—graphene oxide (NS—r—GO)
foam. Typically obtained tri—metals on CeO2—NSG show enhanced electrochemical
activity and more extended stability on AOR and ORR applications in acidic and basic
mediums compared with commercial Pt—C. Further characterization, morphology and
chemical states analyses (HR—TEM, FE—-SEM, XRD, XPS) of (tri—metals on
Ce02—NSG) were carried out before and after electrochemical performance tests.
Overall, this unique tri—metal core—shell tetrahedra structure design provides a new
pathway to improve the stability of Pt for diverse reactions and provides new insight
for the rational design of efficient Pt—based catalysts. This synthetic strategy provides
novel visions into the synthesis of multi—metallic electrocatalysts for energy storage

and conversion applications.
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Synthesis of ZnCo2S4 supported Graphene oxide on
electrocatalyst system for Hydrogen Evaluation Reaction

Ramasamy Santhosh kumar' - Dong Jin Yoo:?*,

'Graduate School, Department of Energy Storage/Conversion Engineering, Jeonbuk
National University, Jeonju, Jeollabuk—do 54896, Republic of Korea
“Department of Life Science, Graduate School, Department of Energy

Storage/Conversion Engineering, Hydrogen and Fuel Cell Research Center, Jeonbuk

National University, Jeollabuk—do 54896, Republic of Korea

Constructing collective materials with a smart nanostructure, by using various
transition metal sulfide, metal selenides and oxides carriers as building blocks,
economical noble metal—free catalysts for hydrogen evolution reaction (HER). We have
synthesized a novel ternary composed of Co03S4 and ZnCo2S4@rGO, via a facile and
well—controlled hydrothermal approach to synthesize ZnCo2S4@rGO with super lattice
structure and hollow multi—porous architecture. The results revealed that ZnCo2S4
nanostructure had been successfully epitaxial deposited onto the surface of Graphene
oxide to form ZnCo2S4@rGO nanostructures on surface of the rGO. In an alkaline
environment, the ZnCo2S4@rGO composite exhibits much better electro catalytic
activity and durability towards HER than individual Co03S4@rGO, ZnCo02S4,
electrocatalysts, which facilitate the HER Kkinetics.
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ol wY A5HA FE&E AT 7IF3E TiOE 7I1W F/5F71
E3tato| &3d ol AE E84H
Extended Ion Conduction Cluster of Organic/inorganic Composite
Membrane based on Functionalized TiO, for Anion Exchange Membrane

Fuel Cell Application

s - fEQS
s sta, Advet s Anset, AR vetn hety, st
A A G- e T, AnAA A28 AFIRED 9 E FAA

B odAFdAE Foleudet  ASHAA(AEMFO = &8& bl
TiOy(TiO:—PTMA)E ¥ 3 4x3t & Z(obdd o] A 7AE)
(QN-PAEK)/TiO,—PTMA %375 TiO,—PTMA (1, 3, 5, 7, & 9 wt%)°l =
HE oL, FrlveEde] dhakvlo] mE Fol wIT(AEM) O &84 54, 7]138H4
A 9 shetA AdAALS ZANITH WA PAEK #EFTHAE 73 oA 4
2 S Ze  AEMO s $8Fe] 4,4'—(9-Fluorenylidene)diphenol,
decafluorobiphenyl, 4,4’—(hexafluoroisopro —pylidene)diphenolE ©]-&3dte] 2oz
Ak A TFFA o] eFg 8 wdsty] A TR gt L 4 A5 WL WY
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$58 A7RH Y5g RE fole BT ARAA $8L AT
BAE Q9 7o) BE B (oFGA oH) 79 gol& mBse] AT
A Study on Anion Exchange Membrane based on Poly(Arylene Ether)
according to Introducing Pendant Unit for Anion Exchange Membrane

Fuel Cell Application with Excellent Electrochemical Performance
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A Study of Poly(Arylene Ether Ketone) based Crosslinked Anion
Exchange Membrane Containing Functionalized GO with Excellent
Alkaline Stability
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Studying the effect of silver doping on the properties of chemical

bath—deposited In2S3 for photocatalytic applications

Bo Gyeong Mun, Salh Alhammadi, Abdelrahman M Rabie, Mostafa Saad Sayed, Jae—Jin
Shim and Woo Kyoung Kim
1School of Chemical Engineering, Yeungnam University, Gyeongsan—si,
Gyeongsangbuk—do 712—749, Republic of Korea

In this work, we studied Ag doping effect on In,S; nanoparticles properties and
on corresponding photocatalytic applications. The In»S; deposition was carried out using
cost—effective simple chemical solution method. The XRD results showed that’s all the
prepared nanoparticles have a polycrystalline cubic crystal structure with a (111)—plan
preferred orientation. Also, The XRD results showed that’'s all the prepared
nanoparticles have a polycrystalline cubic crystal structure with a (111)—plan preferred
orientation. The XRD results indicates Ag doping didn’'t affect the In.Ss; crystal
structure due to the absence of foreign phases. Further, the Ag—doped In.S3; XRD
peaks were shifting to lower 20 indicating the success incorporation of Ag inside the
In,S; lattice. The chemical bonding states and composition of the prepared
nanoparticles were confirmed from XPS results, which the results showed all the
samples has identical structure of In,S;. The photocatalytic ability of the pure In,Ss
and Ag—doped In»Ss; nanoparticles were investigated systematically and compared for
the decomposition of methylene blue dye (MB), rhodamine b (Rhb) and tetracycline
(TC) under visible light illumination. Overall, the Ag—doped In,S; exhibited better
performance than pure In.Ss; of visible—light photocatalytic degradation of TC and MB
with higher removal efficiency. In addition, the production of hydrogen via water
splitting process was investigated and showed the Ag—doped In,S; samples have higher

performance than pure In,Ss.
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A Comparative Analysis for LCOE for global renewable and

conventional plant
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Preparation and applications of non—precious metal catalysts with high

oxygen reduction activity to zinc—air secondary battery
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Reaction mechanism of reverse Waterfgas shift reaction on Pt/CeOg
catalyst calculated from density functional theory
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Diesel engine application of coal—derived FT synthetic fuel mixed with

diesel fuel
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Changes in quality characteristics of biofuel blends in diesel
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Characterization of a Cu(In,Ga)Se, thin film solar cells on transparent

back contact
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3= CIGS Bl A :,qu]zq IR/ AR FHASoR &89 4 vk 2 Al
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Improvement of inverter performance of refrigerators for energy

efficiency improvement

294 - sds
Adegoistal A =73, “(F)4l-5-0] A
Abstract : We have been working on improving energy efficiency. Research was

conducted to improve energy in refrigerators. In order to improve the inverter
performance, various defenses were considered. The study of two stage cascade
refrigerating machine brought high energy efficiency. Energy efficiency was achieved
by using expansion tank and corrol panel. In this way, high energy efficiency was
achived.

1.AE 2 BEE

duxlel 28 Fde AT YA el diste] ofe 7 AFE e EE]
dHFA gHERse A% AeEFEH 57 A AWY FaE ALF FHoE 5 E
A& stal gE71e] ABE AxEe] i FE S obE EdavE dAs %
Bs7] Aot Ade st S5719 ded e AR AARA FHoem AdeAd &
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ZaE3 : w.s.Kim, “Research on Energy Efficiency improvement by reforming the
performance of refrigerator inverters” Journal of Jeonnam State Univ. vol.22. p.133
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Development of Precision fastening Control System of PCS Module
for ESS
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< Fig. 2 Shape of Precision Fastening Control System >
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AVAAEA LF BHFE 99 NG A5 249 FAYE B4
An Analysis on Safety Standards for LNG Automobile Refueling to
Promote the Supply of Eco—friendly Automobile
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A Study on the Introduction of LPG Fuel Supply form Land to Ship
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LNG 714 W SHAE i ae a5 HE
The Review of Safety Management Status of Facility for Filling of
Cylinders and Tanks Fixed on Vehicles in LNG Terminal

A9% - 433 . 427

NS A7~ (LNG, Liquefied Natural Gas)© WEHS FAAROZ st dA7t2~E 7F~A
oA NFH T -162TC olstz N3A7 Aow SEupHor wyy Aulo g $EdhH,
e A, §Aore FFo] o9 LNG 28-S $5ke] W LNGE= I B 3k
oA FATGel AAdE LNG d571A e gHujdoel] Aste], iy T4 WHoR A=

of HA7l~E FF3ta 9l

U HAVts T 2 AFES $13 LNG 571 A = HE, 59, AF &

AU oA AR g7t~ AE g6k Qo TskE dAvhs

2 gJE=AT AdE=-HA7FA(CNG, Compressed Natural Gas)ES v aS E3dto] Ao =

A7y 25 Faskal Aok g wjds F3 dAVEs FEe] oEe 4 2
A5 E3le] LNGE F53taL 3o, LNG Q5714 U FAAA

ol Fdste] a7t 8k ol FHsta 3l
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B dTolAs LNG 1714 8 53 A A9 sl 9l ekdyte] sk AEE St
A

ol

gkt

- 117 -



" 2021% gh2olluix|ets| AAEt4 YR -

ZEOIAAA &5 &EA F7F(Graphite, Si, Graphene, CNT &)ol| W&
7l g EdE

SATA digh Q1Ae] ol A 1ETF W7 AeA Aate] digk 7P ET A AL
QF7F dog v FT7he Aoz oqatdr) olYd g FA o] xpAA] M-S A=
oA Aol AME 7t &5 GEHEY] 548 WA geotdlor o). ngwF 2l Eolat
AAE 278k Aldlel 5919 8%(372 mAh/g)S H-F3 ?:ﬂfa‘olﬂﬂ ol & s Astaa A
TS GEAR =Yste wete] #F3] A $hr AEFe] 4$ 4000 mAh/ge] L
SFolANE S Al Bl 300%] Bt hgA AR AdEsll AdYEe] Ha
At FI ALY ¥ BAE sdsy] Y8 HYZ-CNT 5 5= A=S 58 a2d
S AAEaL A7kt A el EAS gobeqlth. gk, SEM #41S F3 59 As E4ke
£ vo}slal Raman 402 H3E9 SRS yosqit. S Alo] 2 HAES &
3 WA a8 vodada AF £ WelE T Wasle 340 wE AdvE vt
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2 A58 714 Bz 9ee dx dx 8

Application of engine combustion in radical reaction of water electolysis gas

AW - AEE - AEF - AN E
&

3}, «(F)ENALY = (F)dl= TPA

FAUARE o8 NES FAALY T A FH AL AVAY oz Al
Lo o5 sjAstolof 3 Fagh ARRE F9 styeoltt. HE nag FHALE 3ut
ALE AAR vk 1 olfe 37 JYY AHelA Y dREFHE S g% §)
Zholl ojgk Al 7]l 1 F7HH7E 1.7~1.8 oo ® S7tE A9 3t Bk
o]t misfire7} T@ol Bawar vk o)A F73 AEak sAbelA 5] dxloleta &
dd 7hEdy gAdze] AdS ZAgtst HCCI(Homogeneous Charging Compressed

Ignition) 1% ¢] 3000~3500 rpm ©|’dollA 1 1&& 7|5S AHste 27 2 oegh
EAHRS 437 Y3 “Modified HCCI” <1z dAFo|A Bahng %(2016, Applied
Thermal Eng.)< 7F&d3 22 34 A5FS 50% ol Fasta 1 #h4sh sds
A& 5% el et B AVIEsk=(HHO, Het+1/20,)5 #7bste] Aadow
HCCIe AR S dldsts 278 A}t o] A9 F49 2k IG5 23 A5 me
WS EHo) old) ke wEv)ol e 50% ol H& a&AEo]l JFedtthE Zol H
HAtk Yy stAdsE EY 5~10%0l st 3 &
71 &G A A mHEo A oF gtk o] ek TAHS
oFo] HHO tAle] o}F A2l HHOZF el dd&o)a] 1% A urs
°of OH 9} #2 Uz F39Y 98 s+ Ht
st GAdsty] fdl B AT @R =9 2ddA

= 3
Electrolyte Membrane)©] &8t &4 7] 2&)| %] (5}0] Q)& o] &3t3it). © AgE HHOY
Fo Fager du BF VFEeR o 1% AECL ¥VF TEE F 0.01~0.1% 3
Fetc). o]k HHOE A=t ozt A 3golA] interferenced ¥3tal @34 o
?ﬂ?ﬂoﬂ/\ = -

=
= =87l 98 ool dEE E3 &Ik ekl A Fdedn 1
o Tt Ak & Ak 3WdzE 150t o]4te] RS Abeldl A BHE <dH]
7F 30%8 = Asets AdE A} dF AAdE F 1o yYEdidd. 2 Ao HE
Bhang(2016)°] Z3}e] Hla] a&2 thax @ o Holu I W HE VHe
2 - &% HHOE AH&dthes AolM 2 d8A4 % &8 oprt vy wvhar deben

E 1. dtole BA 247 Feo) A v

A (dA])/A = 32 A8 (km/L) Fx F#S Ad] (km/L)
S 7FeH(2019) /0 A 11.3~11.4 16.9
AFEFA] (2010)/0) A 13.2 16.4
WA TG(2008)/7+&4 9.7 13.2
240l AE (2020)/1 A 10.9~11.1 15.0
SM7(2010)/7F&# 9.0 11.4
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Nuclear power plant alarm minimization method using multiple filters and

centralized integrated monitoring

A9-A* Woo—Jung Kim
gt -2 9212 KHNP (Korea Hydro & Nuclear Power Co,)
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A =FE AojFgHa THHAAEE AT

Development of Rod Deviation Monitoring System

21$-A* Woo—Jung Kim
"S- 928 KHNP (Korea Hydro & Nuclear Power Co,)

25 0 dHdY Aole AFE F Aols 2Add o3 dAE AFAA, AR 5 AA
s Ao BHA AAFAR S ATHA] TAIVF XA o7 wAste] 7t =y H s
Aol #AA71s Zste]l FaAol tiFya gt

T8 (OPR), APR1400 ¥ AAS+EZ 16.8Cm(6.6 inch), W/H €3 (12Step)s
vy Z47bo] AT ZAY MCRO ZAE AAA ojdd AAztoz Alod IFU
Axp, 2g57 Az, ABEHTAANZ(CEAC) AxE ZAetaL, AAA AN 7 =g
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AL A AEY J2dH A T2 e
Development of low power transient monitoring program for

Nuclear Power Plant

A$A* Woo—Jung Kim
St 9212 KHNP (Korea Hydro & Nuclear Power Co,)

DSl E gAY AAFGA A= AAKR(Auto—Associative Kernel Regression)
718ke] %717 B Al 2~®l(Early warning system)< &-&3Fo] d Qo HANHE
At 271AE 712 Yoy QAT A Y §FoE HHA AuldA &4 F

A5 dolEle Abdel 5E HeolHE BlaiEAlste] sidlo] Blojut
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% & AT F v AERTL ThsEith 2714 R ] TR
o P AR (R, g, 8B 5o

o

o
= H b
ETR T
w 1B

ol
i
rzi

o,

R
A e U Ao [
for qz 1%

2
|\
o=
i
o mwx -

Lot oz
= 2
o o

oiN o
flo

= rﬁ

=l

u
o
=
2
Mo
2
ol
[-40
mE

fS

LI

Mo it
X
|\
N

My T oy
N
o
it

oy

A

o, N
2
0%
u

0%
o,
1

A T Ao °
k9] A=} (residual) A7) wat A
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((Non—parametricRegression) AY¥ 3| #H &4 AAKR(Auto—AssociativeKernel
Regression)S 83} t) o]d 27| 4H 7]e HAL AEE(100%) AE <
AAAFE] ghs F835te] sigg dlolg g 7o R, dEe] ohd HEAETI Y
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(1) KHNP, 2019, Byoung-Oh Lee, Dae-Woong Kim and Ji Ho Min , Development and
Operation of Online Integrated Monitoring and Early Warning System for NPPs using Big-Data
based Al Technology
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A XZF dHo]HE 83 94 AEHA Hokd g3 1
An Investigation from the Nuclear Power Plant Condition Monitoring Plan

Using Real-Time Data

A$A* Woo—Jung Kim
St 9212 KHNP (Korea Hydro & Nuclear Power Co,)

Abstract: Numerous facilities operating in nuclear power plants provide real-time data of tens of
thousands of real-time data (temperature, pressure, flow, open/close, operation, stop) acquired from
attached measuring instruments to users through each system PLC(Programmable Logic Controller),
DCS(Distributed Control System), PCS(Process Control System), PI(Plant Information ).

A vast amount of real-time data is being used for simple data acquisition and status monitoring
for research and analysis, and data is provided and stored to each user through a closed network.
Using this data, several monitoring systems have been produced to remotely monitor the entire
nuclear power plant, and the current program is being used.

25 AT AN AT FERS AuEL B ASVIEEE A5E o0
e AN eIH (&, 49, F%F, A, 7E, A4 5)& 449 A" PLC(Programmable
Logic Controller), DCS(Distributed Control System), PCS(Process Contro System), PI
(Plant Information )& & &3 AAHde|HE AF&AF Al AlF3tar At

wdigk g A "HelHES A7 2 #4& g 9 dHeoly HE % ddH
ez Alel &g dow, A HAGS Fate] 7 AFEAElAl HeolHE Al s,
A= k. ol gk HlolHE &8st A dds dARAIE] Al oA TFAIA|AF o]

‘:‘%, AA s AT A7 PI HolBE &8&3 3

ol
=2
o

=
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/18 NDE 71€(TFM 2 FMC) G/ gk u3
A Study on the Management Method of Advanced Ultrasonic Methods
TFM(Total Focusing Method) and FMC(Full Matrix Capture)

S A2 (F) FdAT AT+ 4

1. &

O NDE 3Al7|e=s ofe] &okol] A&3st7] fg vt A+ 2 &wo] vga3gu] A
YA = EPRI(M]) & &3t 3 Folth =9 A5l = /A€ NDE 7=
Fa 5 o Ags Ash §9 g0 2 B4 ARE 95 T e YHES AN
AT

2. FMC(Full Matrix Capture) 7]

O FMCE 94d €& oA 7Fe3 BE $5A 2329 A—scan HlolH AAE +3
st 2lo3] WHolm, FMC dlelEe] $x & &3l 7|+ did =3¢ 55
ot 0111111“““? ofvet 71&E 3lE 25T elA FESHA et ok ov A A
o] 7}%—0}E}.

O FMC 71 TFHE s ThEEA R, oS AEE 7R dolEo]7] wito
FAHYE oH ket 229 JAo R A £ Ut

O 712 dmdxens 5538 Jsoz 23 2 AEH 293 94s A4 3 5 9]
S Buk ol spHoer FAYGY BE A 2SyE HHEAN I
TFM(Total Focusing Method) ©Ju]%] oz MHe #ale, As of 3 v&
(S/N) 5] 7HAe] 7k sttt

3. 714 ¥ NDE 71 Feu&

O PAUT 712 3 W t%st 24 24wz AAE £ gong AX £22 34e ¢
AL, FAolyp TR Qla AAFG Aol A digel e E g5l oS F
rzpste] A& 4 gk mek he g S/NHZF 3tal, AnE o |ef e A
Al AR=Z AFstr] witol] A& A As #A st AAY A EE I
& 5

O FMC/TFM &atels 7les ARt AR E g =arA3 2w gdAkelA] AJdA]
o] dAg 253 W RS 7P 2edoluAE FATE  JdEF siQlth o] 24
Tz 7] UTSF PAUT AAPIECM 4 23 AA Al eE e o+ e A
3l sgkE T

O 71€ 25904 9 g 229348 diAste E5FEe &4 dste] 2o
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&3 ATFM 2agls 71 7ido] 48
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A7) % d 5 F7b
7kl ol WA A
IAATS] A A 3 ¥4 Adg =
9l A5 Al oF 30 %ol Y

b e IRAT 4445

= (Ni, Fe, Co &) Ht} && X
g yA = 7]'7\] o] Abshato A WALG FA A
&

1

Fel A AFARE HHOR 5 ppb FEE AARAZA o okl 8
dovl #A T Elel A olAFYE s e ATl 1%
|

2A% H ﬂ % ‘Z‘ﬂ"MﬂH ﬂ&oh_ = Teletector (6112MH)E o] &3}
o AFHHS ?63*8}9514. }Omz—?j%k% 09 ~ 134 kg o7 urA Mg F7| 7k whe)
FaHo| zol7t ddom, AE AFAZRET]E 5 % ~ 67%% .97 A3

A 37 =
ofdFd 71t FdF(ppbxdays)oll whebM AL 237 H w2 Aom A ENC
W, ofd =EFEFY 7IE 2 FdRel wEb ATl AE AE Aoz HUHESL
o2 AT A FF W 94 dAREAA ofdF]] VeS8l 28 2 dAoy

Keywords : QX232 A, o}d <, AlSHHE
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Numerical Study on Core Makeup Tank Volume for Integral Reactor
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Study of large NPP IHA disassembly & assembly procedure
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UV/Hz0; 3R A3l Al EZAL 5% g E3H7}
Decomposition evaluation according to citric acid concentration by
UV/H,0,

422 - PBF - A5 - A%S
AR (F) FEATH

AE LA 2= F7 S G v, 32, dudr] 5 24 Aduje gFade
WAL s o] FolA =M, o= AP IHFHE YAl et olE WA Sl
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AstAE 2Fste] OH #@tozre] S FXAIA F714s Edllske Aotk UV/H,0,
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Evaluation of System Decontamination Range of the Decommissioned PHWR
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Effects of Secondary—side Pressure on Thermal Performance of

Printed Circuit Steam Generators
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Implementation of the RTNSS for SMART100

239 - 754
DR

) QFA A = o3k FA| 2% (RTNSS, Regulatory Treatment of NonSafety Systems)dr,

Ve dARAM mAEGNE B FENErE A bl 5RE S 5 =S,
tdol FosAT RS H R AAH= ?Z“, A B 71710l e AE= B2 7HE
EE Fodte dd HAE v dHeFH HddTEe A 2R Uy
of os A=, el TaTI T Fee FEESHQ] WHoer AHEn. ue
A HREAAIE O W qrAl A= A EAQ W SEEAQ W] BY argd

HEFAAEE 71E 583 4 AT vHlaste] = W, G B Lt A
T2 FEstA sk rsEe AVIZF AV el bAFSle o, dAEA IE AA,
dRzAGAE ¥4 5o ¢V 78 A 2Fddol A ol 1ty dF
FHAES H7Isl te AT Tlss ATEs T HMHAAEE =2 FE
AHEES R 5 s AAEY. o8 5o deddAEe] S8 AR 1 7243
EoF AEE ol Fo, HEtHA T AHHE W E BREsiAY e AR, A2
AGAES A4 Wt 7l AT8oR 55 HMdAES AHEE & Qv

off
tio

9 E5 A AT S B Hekd) TAZIE JFAA At el g == o]
ul wl=ro A 1990l el AlFE A, AR AL E] = 2007d AR A 1.206
2 20143 FEFAAAZ 193 o2 A 1S vhEsdeh 28y $gyete] 49, ¢k
Aol ZFa3F B A AES AASE WhHolL Axf 58 o}x Lo R nfwy R ke Ak

%! A PRAAA el = b A

o

gojt}, sttt Edel A ke 2 Eo
3k AE7F 8.24, 15.2.34d, 15.2.740A A AFHL 7= s, FAHS HHe
] A2 A D3] FAA LA 1.206S FHxeEtal 7)wskal Aot

2o Ao A= vk A e FAZXE HE&sts WHED dajd diE] A a0
AR o] HeE F2E, AE 9 ES
o] A2 REYFAAZA SMART100¢] AA AgA7]

2P A, vbRAAE e gFAlEA]
7b dagh obdel FastAnt kAR oR AAHE TRE AT % Ve 55
E=Foelrh & 49 Adbs SMART1009] £EAAAZ g5 27 7192 5 9l Ao
= 7ldEd

- 132 -



Thermal—hydraulic Performance

= 2021
Effect of Geometrical Parameters for Zigzag Flow Channel on The

T - BN B S S A S el S O
¢ TO — o = —
TEaTY BIrtTaT. proiiy
a2k Siezils zraelry
T oE N B B T UE TR :
DRI LE.ITIYL STIRTE
e ' E = ok oy X .%o o o N ol
woE L zﬁf%ﬂ_o o RN i
T T < 7o Moo % W R L
o W R %o N BT oo O %0 = N AR
e Eﬂﬂ R O?._ UFLO‘I,FE
oaﬁﬁoﬂﬁv ese} d_ﬂ‘“\wxlﬂmowﬂl ﬁow;.e o‘;lo_l
H =N E}ﬂﬁﬂﬂﬁaﬂﬂW ~ ‘Drmﬂ/a7
o otﬂzmwg o_uz_ﬂowall. .nmo,MM ,AIL‘DFMMP‘m%zo
n BT TOn R A =
e T E BT YT g g By Pogg
S~ om B ATOoRNER o _Tog Iws
o SrerTEYT 0 o XNETw CARICE X
il T I e MR g
P = FRH =T o oo O o O 2
. = Wﬁﬂﬂ%_ﬂ&oiwﬂooig]7&ﬂo_o ﬁll. Eo = =
R HE EERTeE Y T ook op i 2
.= T B =3 oF BN wr I = o —
v do P = WON = ™ K T A
il i W om J = Ne ok 8 T e e T
= I o e B M U o By o B X do 75 oF B
M2 sz Pile _SheT iy oIV
- o — <! S- B X ) <0
2ol T %W%%%%AW%@%MRM %?%%Mmm
7 A do W = T OF T I o X gy RO o o
~ T zn OF T i . e i R s oot
T o= = o F % oF Y L~
o DwEp TP B LTy 2R RN g
_:Tl ﬂ ]FL nmo ﬂ_,lﬂ ﬂArO Mﬂ o Bo  ox _ ‘m ZT mD - ﬁo R i E..# ‘_lmu
o MRz _ B W w o T o N
o . N o o I —~ oy " N
i) w2 N <V WO X W W = No
%drﬂa.ﬂ%ﬂ%WMé%@% M%@%mﬁ
N~ —_ ~ ° ~ X — L Wy
QE%M%Q%ELEQWHL%H S— D XN o
OGNl S N~ BV S N TR
BEEEET W@ s WH® S oL L TP gy
prEB L AN L TV gy g FEE g
%%ﬂoﬂg%ﬂ%_sﬂmu%gnk%ﬂn%_mmaae
R R I I . AL BT I
T o= oy eruqmmo] HH i~ o T
£ L — B =y [mg i N —_ XJ.T —
= T NN = .- o o o T
CEITFT LT TG T MM T BT

KeN
=]

AR

Fanning
o

Y 5]

P
T

o}

1513
-

OJ%

st

pul

AwATATe A

- 133 -

o] Ado=w

H

5

]

A
s

ARG

7%

7}

(

=]
g4

s

1
T

A4} Nusselt =&
»?_

]
A

2
(NRF—2020M2D7A1079178)

pzs

37
=

v}



= 2021

=]
B4

o]

A gJolATLE =719

2=
T

At JFd K9 A B4 A

4o
4
w

R

o]

T

G

Tod

Al71a ol& 47 (HotwelD) ol =

=
=

KN
o

s7E

==

Eflol 4] ul

Fod 571719

] =)
o

A

g $5A7

1o

o °

o=

14

g ga

T

S % (Cation Conductivity)

R

il

§ AEstrh,

3]

Lol o

2]

]

M N R
boBe e
</
o
% = o
mﬂ
i
e} E#
=N
s e
o
g
70.22
Now
LYo
AO.XTQ
o 5 7
2 &
DP#
o No
riE
= F
Mo ©
Ho % ol
AR5
o Npo
&@Mm
B g
TR s
O1>_A|]
T T
o A=
ziu.:;
R
o X
_ m
N B oo
- T
ro
Elwﬁﬂ
5 s
CoaEETY

pH

22} A&l

4

</

173

cl

<

W)

A

o} A
(Ethanolamine) ]

b ch.

S

7
Nlo

3

R B R =

=K

Z 19 (Plant Chemistry

b7 Skl ke oz

At} ol A3

S

Simulator)

™ 7|e} AlE tH] 4~404f o]

AJm

TS

o))

[
o
.

N
Njo
M

e

X

- 134 -



" 2021% gh2olluix|ets| AAEt4 YR -

=W 7IkE =44 23% pH
557 FOlRAEE FHIFE 4

A EA LS 22 A e g7 52 A dow g@ade] FA A4S 9
St olst $Ho® pH Aoyl vk Ul AR 4He 223A4E pH =82S A3l ddg
Zo}Wl(Ethanolamine, ©]d ETA)S F%4stH, o5 Fal 5 pHusc 9.6 o7& HiE=E
Hsta Ak @A 2xAE W FAs Bod AzEshr] $18ke] Fu pHase 9.8 o) A
& A7 a7 =W, ojul ETAS FYHF 5712 Ag ETA 8= (HHEARE 4
Y 5 FIRE o) B TR 2xA%E Lts_u ool &7 & & (Cation

Conductivity, °©]s} CC) &gt F7ietAl Hrh. WA 2zxHAEdA 53 5571 H4A
(HotwelDZ CCx E7138 FAGES 22 AR FEREE 27] QA sl H
d digsk] flsl AAgE AR T dA dvhre] AR dHeA B A
CC &g gte] 0.2 uS/cm= 9

AAE len, o= i pH £d& nHsHA &2 g 74
I e ZAERE whed @k Zlofvh ARt a1 pH & Al H7] Al CCll 9=
Tl & ﬂrﬂ%b’ﬂ i pH el sidshs #elgte HEste] F7F wbdsfor g 2 A
TollAE T AF2dd =¥ g3 $HAES W eR F5F pH STt e 235

o

FaAxE CC tﬂﬁ}é B71elqith o= 7|wte® 3§ ETA A #7404 2x74% pH
A 26 @A 5427 BaA e CC B 7wkl el AlA skt sk

T AeE2dd =3E g3 $HAES o E Fu pH Tkl e 2x5 F
A CC W= 4338 o =ZZ 73 (Plant Chemistry Simulator, ©]3} PCS)ES A&
ste] Hrhek Ax, gidte] Ao FH5 pHase 9.8 o &Y A A 547 J5A

CC #E71E3e 0.2 uS/emE 238 Aoz =HYr. E3] F7|HA7] &5 5
FE5T7F 3 EE 557 A48 BS FHT pHuse 9.7 ol 2HAAME 7)o 0.2
uS/emE 23 ZAoR2 HriEAdn. weks d 7] JeAHES5 CC AEYTIE/(< 0.2
uS/em)> ETA A8 37 olA oo &N E(F7IMF)O F7Hg o] vhd == st
o9 e Aggte 2 waEn. PCSE 3 T pH F7F 22 (pHase 9.8/9.9/10.0)
22HA% CC 3t Was o553 dyel A4 ddie] pH 43 dAE =S o, =4

QX

Ak

e
N

Ar2Ade & ETA 38 s4oA 221415 pH A A2 e B¢7] J4A
o] CC &y 7]5%S “< 0.3 uS/em" o2 AFEksto] A AE A o7 {7y Q).

- 135 -



of AA

RLE

=

S B

S

It

ur

AT AR AHIAAT A AT

Concept of primary cooling system against LOCA in a research reactor

}

T

R AFReN FRFFAA DT

= 2021
tol 7171v) =1 8] 54 o=

o]

o= 7+

=]

Ho
<
T

i

b A He} ATz

O
3%

)

Jw

el
i

shol ot

9

3y

EECRRES

o
2
Rus

I~
T

=

=

AYAAE A A

-
o
ojm
;o...ﬂ
oF
o)
)
BH

7€ AT

o w w=AET}

Al €l e

A

LS|
=

0
44
=y

X

el
Q]
H]
B

A A

715 =AY S A

‘EH

el

o
H)
BR

o

o

il 71714 mpeel] =9l

O

WAAE 717180 frEE e dAdAAE dARsxE H5d7] 9

FYZAE AR

)

—

ol g ol et

fsi3
=

AL A o] A

T

kel
pal

7]
- 136 -

ko3
T

o] =2 20219 % AE(Hr]HETH)Y Aoz

T< (No. 2020M2D5A1078131).



Mg AA

1

o]
T

93

=2
=

e BIHE

3] o
=

Bu o) @

=

=]
of Research Reactor Flap Valve

= 2021
Conceptual Design for Evaluation the Closing Pressure

A& A= =9

WWT NG WT W W oE gy w T Bl
T o — BT 0T RN T gy o gy K o i
T © R ~o = ou 5 op T = o
G R I T A G A e} g N
METRAGTT FFEFTH AT HETD ) S

I~ = —_
O_ﬂl‘mdﬂw.._‘WNEZ \WLME;O mﬂAT\WﬂﬂLCH ol £ g
o O - ~, B furdl Yo om bt - ™ ~ !

o & ) o = o m L 5 op K w
HA O o ﬁl X . ﬂﬂ_ol N ,_ﬂw‘_ sz 9 o il N o
ATOﬂﬂ \.WO\IU,HIJ;O‘I‘LIL. e‘m_AILATFL B ‘m
B T - BN i [ S o
%_{ﬂﬂﬂiiﬂfrﬂozi% TR K cN g o
= oF - al Bo L =0 o = ? ]

N ok o g e g P I x g Y =
Wwﬂﬂﬂﬂﬂﬂﬁz%wﬁqﬂ@ﬂwuﬁ Al X1 0w
o_Hwﬁl:i ﬁoﬂﬂﬂﬁﬂlﬁu“ﬁ; N Mﬂ_ m_. mK < g B/ o Tk
R .

TPl uweplax TP Ve i i
ﬂ%dr.w_@mﬂmo%%ﬁruo;ﬂ%wﬂgﬂq ﬂw =

s L e o W : N

G - - < TR ) o -

mm — ﬂurwtwwzomﬂ_f,ﬂﬂru\ﬂwﬁrﬂfr — wua

wr MEﬂuWw{Nﬂ%ﬂx%%@w&%ﬁ;% Do

"R e P T AP =TSP o 0w 5 Z

3 T g DWW T T 0T g =

o N g MK B W= W o j——

! 3 ﬁ P S Mo MO =T oR oy o0 s tEcggge Hn
EQMONWLE‘ET@_"_7ﬂuoﬁﬂm_xa_z?1¢ﬂ..m ~
W‘_%ma%.ﬂﬂ%ﬂﬁ%mﬁ&%@mﬁ = N
ﬂjlﬁr,_ml]ﬂ " B R © AF L,ma ) ™ = i 2 A
) T W < o) OF " % BER T o ﬂ_m.uy M_u = % ‘_No_l = mm =
Eﬂvﬂui&rmxﬂlwmlioaﬁﬂlﬂeaﬂi Mﬂgﬁa o i 4
uaiiJdlg%ﬂﬂ%&%%%?%l ™ I
TR r e BB o d Ny R T E gy Y v
= R @ O — :

PEIUETIERE IR ¢ T :
pTaz,TsfeT Tz TR v @i [CE] |
i@r%%g%%wftﬂu}ﬂﬂwﬁ%?%wg " 2o
of W RTER LI AT owmET W =
T M L I - IR |
B et wiExEdenPRLE B -
= - X ) 0
= o= 2l — o0
Prr TR PR TR TR Y BT 5

- 137 -



= 202195 §Hof|LR|GtE| 2A|GHE LT =

Aol dlely 7|9t A oAy =238 Jf et
An Improvement of Preventive Maintenance Program

for Operating Nuclear Power Plants

Sl Aol AAHo] Sl AR|Ee AuHAAlE A AR ek b s T
G = & T Aol BAR AHE 38 AAVIE oA Bde Ve 2IY
JE=F Ay, BN e 2 58 Fdsks Ao, didRls ARl +d AT
of AAZIE= W Weld FAE 5 = uF e 2l Abdel Fr1H o st
gulgsolty. g R o] Fell= ZF Adulel tig AR HolEE SAP Systemel 4¥

Hu|Hlo|E =g A HH|C|O|E| Big Datast  ZH|C|O|E]| Big Data Big Data Zg
=5 A= +H e 2XE 2 = (Data ESF S) 2T A Xzt =7

5 1 AguldlelE Hidlelg s} B &8 A 75 E5
1_]. =

ARl AN dolE s ARZIEAR, RS, AFEE, g 2 Ay ol
om, og7gn] delels Av Fo%, fFARFFE L AdHAFHA=(AFCCY) Feol Atk
a7 5o n] delHs a9 2004 B upep o] o]y A4, dHoly dHY, 4
R F7F 55 Fo AuURA o =E Al 28dta, s dAYeTE dAYAH TR
Algle] AFPEE o8 i Ao oign] Ze2as A HAEE F8ks ekl AT
AL vk &5 ol 2 Auldely Rk oA =2 AR AA 5 A TFeEd

Azde] Au] Al el aA 7T AoR AlmEt)

pata 44 [l DATA ZEfE ey 2= [l NN & wa
154 i == v::w*-w---« I's [

X
DREAMS (X}5) 24 o4 ZEdolE

o gH7|2gE o Cfi7(zh: 18 o MHSYW N
o FID A/B/C S|

HU[EM ($5) B =4 Hel LI: .
JETTErY = H -
|

o NEEFE o FID X EX| S

o IXBE © DATA =& o FA7|7| /YA B

o DXL o PM M ED} H2 o DZEHO|EbAH| JMTjat 22 T
FHMChAr = — A =} IS S = =

o Mu¥y s Hgyy as e o SHE AIAILIO HE ¢ &

O/ EEH|, XX, RS
o gEtE dE/s Epa

h 4 - K- a X s 2 <
Hlol4t Ex| " ZTE A A AF|Lio] + = Sl B e
= : =R bsei- - » ool 3 (i

| oreams xts) 4 oA D qema

! dx|Loj e x|Y A2
o wHlEEE o CHATIZ 6N | | 0wy u aF B i Ea A o) Ha
o FID A/B/C 2L | ° DA EI} B =< it
o PM01/02 2L
g =UTMEE @ TG [:} A < AX|L| Y S E2HA|AH(K-TERMS)
J——— 2452 o AFCC F/C B7H NSy & FRIISBE
H| o FID X 28 A M AL
o DATA 2 MO8 ==

BM ATEAA A Ax|L|o] £
oy 2 guldiely &8 oiAn A AA 5 NFE

D AFCC : As—Found Condition Code (21748l o=)

- 138 -



Al

=
T

AFeEAY T2 HE

A Study of Application Trend of Functional Impotance Determination Process

[¢]

A
7oz Aule 754 FoE

T

Ay

in Overseas Nuclear Power Plants

ol dde] 7]

9|
< 2.2 (FID)

a]

VS
&

44 7

J)

i)
M

Njo

O

)

—_

S

E=R ==
= WIT

5hs]of

s°] A3

s AY, d

8

oy

™

fite)
<
-

el

B

Critical AB
Minor
MNo-Impact

A 271 71)

i
4

S
T

IE1E
=

. mitigating system performance index) 7*] 7]7] i

= chcixh

L= =t
lsrEeEsEn
=TT OO

o
ritical A/B 7| Z[7

(FID

A (scram) B+ EFH(
(MSPI

-
It

3|

&7

A
b B4 5 A

Rs

A

s

)

a
ol

NIl X0

-

olp o

TN

AFZ(SFP) < AA

(RCS)

=

o

Ay 2HA) 7

Rl

<)

A2

BN

-

[€)

2= = [}
T AU @

=

sho] A& H o= Aul A

foig

S

o -
s =4

Fohe AAge 1o

Ry

o

Z QX (HSS : high safety significant) 7]

A
L

F

SIS,

An

RLA

HH

==

u] ghA
)

T

kel
Rl

A1) 74 (Maintenance Rule) 9]
= 293 %(RS : risk significant) 7]

Sl gH=E o

ox

- 139 -



2021 A5 THLO||LR|EtE| ZAHIGHEHIES| =

v AXERAS AAAY] JheF HAAE] A AT
A Study of Implementation Strategy Critical Component On—line Preventive

Maintenance at US Nuclear Power Plants

<% I EEH g ~TH 7 Probabilistic Risk Assessment), & Z&~IAFFAA]AHS
g-g3lo] A AE] 71%E QBB (Critical Component On—line Preventive Maintenance)

29335} ¢lt}. 10CFR50.65, "Requirements for monitoring the effectiveness
of maintenance at nuclear power plant"= Y9 F8 Fx&E, A%, 7]171(SSCs)el tfsto
ue s e s d5sta guje] adAgds ST EN BHA HAASE FA
Al 71 E2 o] .

Aulagd A ez (a)(3)v EAAGA7E ARlE S8 SSCsoll tish A==
Ho] o] &7ts AT S A ES i Jom, (a)(4)= AP BulHd
£ Hrtete] AlgE AR Qs 7t AP EE #HEEtES shal vk v Ao
T3 AN S Y& 29 13 Zo] EPRICNA Zfdst Aujd gz HrF 20
EOOS(Equipment Out of Service)S &83to] 4 -A7H4 fdx ARE &
Ao gl s Fsta ok Al mulldlA e dEAR] 3PS s A A
3l %7 (Limiting Conditions for Operation) A Y-S B33t o] SHAAF
Al EFo] AFAdAn] 713bol JFEol Aok 2y Y 2004 HE vkeh
o Agulel HsE FuiAtde] a&4 wjE, hxdAdnlel] dig gxaE e A
AN E Fal AY A FAAS FEA7IA, A okl digk = AAE AstE fdElA

ofk
[> o

A

o
<o

ofo
Ol
)
et
£ o o 2 by O N [y O

N

m

-r‘HO
2

and roll

2
>

o

o

=} RLs
WA THeT A wEA] dasitial A oS 9 &F i APR1400
8% 9% Aurleel W@ A%H NeATIt Bay Aow AnH

T - 1|
B T Gt e fmom b : PR M| 158 DA o SN

BTy S o
& g8 Ty
ORI || o, ¥ Ry
Eg ey g | | BY EY ) P 1 b? #
SRR " o™
o [T S
i P S
ﬁ; QB pH — S P
e i 4 A ol N 25
J

—
ey
>,
il
=
N
i
ol
[e]
0,
)
ol
=
(@)
=
=
o
SN
Q)
5
ko]
(e}
j=}
@
=
=3
S
A
=
@
as)
-
@
<
(¢}
=3
<
@
5
j=}
=3
(¢}
j=}
Q
j=}
(@]
e
]
é{E
O
)
oy
N
>
B
i
2
2

A= RS
HAE ekHE 7)7)80l da $AESS 74t 4827 (Limiting Conditions for Operation)ol] 21
3| A A1ZH Allowed Outage Time) ulell o -7gdn] 4=2)

oo T
o2l

- 140 -



20219 E BHRo|2|EtE| 2AGHEUES| =

AAGEAL WOl AFAS AdoAe FF5y 1B

Al natural language processing possibility of Nuclear Power Plant data

S AR A A do] A4 BuAERS HolH=z A a o shA| Rt
thito]l Baxu, dnt HAE gEo] AAo® o] Fojx glo] o EAM &Eo] vy
ofel Aol ddolth. H 4xRiE ™ Vs iEe] tid 257t Frbekal HMHelE, F
Aes &85 dolg 4 9 Aglrlso] A Bt ent o &8 At
o] nlgdd eIyl AdofA el hedel theto] =ste] Bauxk vk dA) AdoiA ] 4
of ek &= o AAGANA vgFstA a7Ha vk dE 5ol A A AEE
A A daadds A BEA 2A3EA 24, T S0 AulolH Wf§-o] M ol
EE 913 long text w4, 4% HiA 7 & Axto] vb= EE Al e she/24

- Ao} A 2] (NLP : Natural Language Processing) @ ZAHFEE o] &35lo] xS B4
stal AP she Ve

= E

=
~ES &g ¥

53] dapgabdset 2 EARTokE Ao A4S B8 dste AdE EEstld=
olH 7} AlgkAstar ezt Aol gloh E3 B An7E FAFHE viE Q1A% 4 gle 1
AFdelHl F7EA(ENEANE Ao lent -z fgAdst sk 2gle] A
grjojof g FrHHo=®  #A P9 Fad dHeolgeo We, #FA Tl ug
Categorization®] Z Q3 FQ wojo gt 7] =4S st YAt ok A A5 +=
Agofeo g oo F4 5 HdAT Aol Fa oo & Flojtt

AAZAE T vuE ol Y BaAge] EANAW Aol BAL FF AvE}
ax el TR Wl $HL Aol AH AUl FHE wE] BAlsE
271 WHrule-based A & AHEEEI HAA O HolEs} Holw AAGEGS B BAA
A AEAT ALl A Ao AZEY. QAR A5q ARAY Fol AR
T3 bsHe AE Folv FF AP JlEo] BolW nFAWL AT AW %, A5H
v Selw ERdon 8 2 & A% Ao uud

- 141 -



= 2021

A Real—time Data Monitoring Using Augmented Reality

3

&4

1=}
A%

&
o

1249 A §54 tAg

CRE LR

A

o8

T

)

2 o

3 oF

A2 ZUHY

Folut Aol olel e

— AN

1A A L

=
T

o] zt

)

o}

A7}

5
e

3
o

13he
shols

s
jan

)
ox
-
o
o)
o
T
44
]

uzel

X

¢+
|
o

U

5

3 oF

How mUEHY

A
it

ol A o

BR
fite)
) T!

oy
Tw
o
BN

ox

¢

B

4o

slo] o} 7tx Aoz 77

I

o] f17]°l

o]%z‘;

=
=

=7r2 9] Hololens2 ]

715

5|

2] ol A

%

A

oh =g A9IAe] Fi vha AulolA

AAZE HolH e M AA olF

B A HAn

)
B

[ RS Ea Kils

S

-
R

AA7 e BHA Aol oy

-
R

)

gol =4

FOR AYAT} HEL

ki3

= AR Al

Rl

=
L

A AAH o=

2 (AR)Z

d7e T 44

}‘\l,

43}

3,

°] 7V&

- 142 -



= 2021

W

A Case Study on a Recovery of Electric Power Loss through

Maintenance of a Feedwater Flowmeter
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Modeling and Pre—test Analysis for a LAPLACE Test Facility
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A study on sea transportation of MACST equipments

at extreme natural hazards
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Results of the Finding and Review about Improvements for

KHNP—-NPPs Innovation
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A Study on Alternative Security Measures for Control Systems in
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An Analysis for the Establishment of Work Breakdown Structure (WBS)
Applicable to NPP Decommissioning Project
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Correlation Analysis between China and Korea for PM2.5 and PM10
using Big Data: Comparison of Before and After Covid—19
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The comparison of environmental and economic performances for the

basic plans for long—term electricity supply and demand
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Highly Porous Copper aerogel monoliths— Synthesis, Characterization and
Application

£A Y™ . Ramya Ramkumar® - A-$73*
'School of Chemical Engineering, Yeungnam University, Gyeongsan—si, South Korea

"Presenting author, “Corresponding author: wkim@ynu.ac.kr

Abstract: Highly porous metal aerogels have unique properties such as high
porosity, low density, large volume and high surface area. Highly conductive
and active copper aerogels are found to be efficient electrode materials in
energy storage applications. We have successfully synthesized copper aerogels
using room temperature approach using a one—pot method employing a strong
reducing agent (NaBH,) in an ethanol:water mixture. The copper aerogels
formed a continuous network with highly porous structure as confirmed by
SEM studies and exhibited sharp crystalline peaks as confirmed by XRD
techniques. Further, the aerogels were characterized by using BET, TEM, FTIR
techniques for understanding the chemical and physical properties in detail. The
electrochemical properties of the aerogels were analyzed using Cyclic

Voltammetry (CV) and Electrochemical Impedance Spectroscopic (EIS)
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Figure 1: SEM image and XRD spectra of copper aerogels.
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Analysis of design variables and performance parameters of hydrogen
liquefaction process using machine learning

* Corresponding Author: Prof. Moonyong Lee (mynlee@yu.ac.kr)

Hydrogen is the most abundant element in the universe and at the same time has a
very high specific energy, proving its value as a new fuel for recent years. However,
energy efficiency improvement is necessary in transportation and storage, and various
methods are being developed to solve this. Hydrogen liquefaction was judged to be the
most appropriate in terms of energy consumption from storage to use, and research for
maximizing the energy efficiency of the hydrogen liquefaction process 1is actively
underway. This is closely related to the optimization of the process, and the
parameters in the process are represented by the relationship between a number of
independent and dependent variables. Based on this part, this study will conduct
machine learning—based big data analysis on a typical hydrogen liquefaction sample
process, organize and visualize a large amount of case study data, and discuss whether
the results are valid. For the design and performance data of the process, a
well—known commercial simulator Aspen Hysys is used and thermodynamic evaluation

of exergy destruction and performance parameter is performed.
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Polyaniline—wrapped MnMoO, for Energy Storage Application

Asiya M. Tamboli - Mohaseen S. Tamboli - Bomyung Kim - Chinho Park

School of Chemical Engineering, Yeungnam University

The sharp increase of research passion in the new—generation energy storage in
recent years has resulted in a new trend in two types of material to enhance the
energy storage performance. We report the synthesis of MnMoO,—PANI
nanocomposites by using in situ polymerization method by using various concentration
of MnMoO, with respect to PANI. The prepared MnMoO,—PANI composites were
characterized by X-—ray diffraction analysis and Fourier transform infrared spectroscopy
for the phase and formation, respectively. The surface morphology was investigated by
using FESEM, which revealed the formation of the MnMoO,—PANI composite. The
electrochemical properties have been examined using cyclic voltammetry (CV),
galvanostatic charge—discharge, cycling stability and electrochemical impedance
spectroscopy. The electrochemical study of MnMoO,—PANI composites showed the
highest specific capacitances of 348 F/g at a current density of 3 A/g. The cyclic
stability demonstrated the specific capacitance after consecutive charge—discharge
cycles at a contant current density of 3 A/g, which is also higher than that of pristine
MnMoO,. Thus, the electrochemical properties of the fabicated symmetric
supercapacitor device with the MnMoO,/PANI electrode suggested its great potential

for commercial applications.
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BiVO./Graphene Photoanode for Enhanced Photoelectrochemical Water

Splitting Performance

Mohaseen S. Tamboli - Asiya M. Tamboli - Vasudeva Reddy Minnam Reddy - Bomyung
Kim - Chinho Park

School of Chemical Engineering, Yeungnam University

Hydrogen fuel is generated using renewable energy instead of fossil fuels.
Photoelectrochemical (PEC) water splitting is a promising approach to convert
water into H, andO, using solar energy. Hence, the generation of a renewable
H, fuel serves as a clean energy for transportation, manufacturing, and many
more. Bismuth vanadate (BiVO,) is an attractive and efficient photoanode for
photoelectrochemical(PEC) water splitting due to excellent visible light activity
and good photo-chemical stability. However, due to poor charge separation and
low charge carrier mobility hinder the improvement of PEC performance of
BiVO,4. However, graphene has been demonstrated as active co-catalysts and
photosensitizers to facilitate surface water oxidation kinetics. Therefore, to
improve the over all efficiency, we propose two component system
BiVOy/graphene hybrid composites. BiVO, and BiVO./Graphene nano-structures
have been prepared by chemical method. XRD shows the phases of
BiVO4/graphene hybrid composites and FE-SEM and TEM reveled strong
interface between BiVO, and graphene. Surface area and active sites plays a
very important crucial role in photocatalysis. The pristine material with graphene
incorporation, showed an excellent photocatalytic activity under natural sunlight.
Therefore, the developed material is a promising candidate for potential

photocatalysis applications.
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Potentials and Challenges for Liquid Air in Energy Network

Amjad Riaz - Muhammad Abdul Qyyum - Moonyong Lee*
School of Chemical Engineering, Yeungnam University,

* Corresponding Author: Prof. Moonyong Lee (mynlee@yu.ac.kr)

Energy storage systems have become more important because of increased use of
renewable energy sources. Among others cryogenic energy storage systems show much
promise. Liquid air energy storage is a budding technology, and many integral studies
are being presented recently. This study aims to gauge the potential and highlight the

challenges associated with this technique.
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CO2 solidification—based biogas upgrading followed by bio—LNG
production

Ahmad Naquash - Muhammad Abdul Qyyum - Moonyong Leef

School of Chemical Engineering, Yeungnam University

t Corresponding Author: Prof. Moonyong Lee (mynlee@yu.ac.kr)

CO2 solidification—based cryogenic biogas upgrading 1is an innovative and
un—conventional technique. Cryogenic upgrading is integrated with liquefaction mainly
because of its dual benefit (biogas upgrading and precooling of biomethane).
Therefore, a CO2 solidification—based biogas upgrading process 1is proposed and
integrated with bio—LNG production process. The proposed process is simulated and
investigated in Aspen HYSYS and validated against experimental data. Modified
coordinate descent approach is used to optimize this integrated process aiming to
reduce energy consumption. The optimized results show significantly low energy
consumption (0.49 kWh/kg) than the base case (1.57 kWh/kg) process leading to 68.6
% energy savings. Further, the exergy analysis shows 23.7% exergy efficiency. The
economic evaluation suggests total annualized cost savings of 37.6%. Concluding, the
proposed process show comparatively significant advantage in terms of process

configuration, energy and exergy efficiency, and process economics.
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Ruddlesden—Popper oxide with in situ grown CoNi alloy nanoparticles as
a solid oxide electrolysis cell cathode catalyst for COy electrolysis

HAgY. 9 olsE AEY A ¥AF BT HLH

We have developed in situ grown CoNi alloy nanoparticles socketed on the
Ruddlesden—Popper catalyst and its use as an effective catalyst for high temperature
CO, electrolysis in a solid oxide electrolysis cell (SOEC). This catalyst is obtained by
in situ annealing a perovskite—derivative of (La,Sr)(Co,Ni,Mn)O; in flowing Hy at the
operation temperature and in situ exsolved CoNi alloy nanoparticles were confirmed by
use of XRD, SEM, TEM and EDS. The current density value of 703 mA/cm® was
achieved at 1.3 V and 850 °C with a high faraday efficiency. More importantly, no
sign of performance degradation is exhibited as observed by stability test over a
period of 90 h operation in an HsS—contained CO,; gas condition. Therefore, this
Ruddlesden—Popper material with in situ exsolved CoNi alloy nanoparticles could
served as the promising cathode material for practical application to H,S—contained

CO, gas conditions that are emitted from power stations or steel making plants.
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CO, electrolysis Ruddlesden—Popper cathode prepared With in situ
exsolved Fe nanoparticles in solid oxide electrolysis cell

HEY - AT - o]FE - BRI - HAF - A

To reduce the CO, gas in atmosphere, CO, electrolysis has been getting attention as

useful way to reuse the emitted gas by converting to useful materials. In this study,
in  situ exsolved Fe nanoparticles socketed on Ruddlesden—Popper support
(Fe—R.P.LSMF) was adopted as cathode catalyst for CO; electrolysis in SOEC. The
button cell of LSMF-GDC|LSGM|LSCF—GDC was prepared and used as high
temperature COs electrolysis system with annealing in H, at cathode side before the
CO; electrolysis test. High current density value at 1.5V and 850C with an almost
100% Faraday efficiency was reported, and even long and stable performance was
observed over the 100h continuous operation. Therefore, the Fe—R.P.LSMF is highly
promising candidate with high performance and stability for CO. electrolysis cathode in
SOEC.
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Development of Electrochemical Sensors and Sensing Technology for
Hydrogen Fuel Cell Vehicle Applications

Soon—Won Jung - Min Jae Jho

Division of Energy & Optical Technology Convergence, Cheongju University

Proton exchange membrane fuel cells (PEMFCs) are among the most promising clean
power system technologies being developed for transportation applications. However,
the use of hydrogen and other combustible gases for automotive applications requires
safety sensors and controls to prevent fire and explosion hazards. In addition, fuel cell
manufacturers have indicated that they have a strong need for a hydrogen sensor. For
storage systems, the sensor is needed because fuel cell vehicles use exhaust gas
recirculation, and, therefore, there could be build up of water, nitrogen, and other
diluents in the fuel stream. Therefore, hydrogen sensor is needed in order to protect
and to efficiently operate the PEMFCs.

In this study, we report recent progress in our work to develop potentiometric
electrochemical hydrogen sensor and sensing technology for future hydrogen fuel cell
vehicles. The proposed sensor consists of two electrodes on an oxygen ion—conducting
electrolyte. One electrode serves as a 'reference" and the other as a "sensing"
electrode. The electrode materials are selected so that they have different catalytic
activities toward the oxidation of hydrogen gas. This causes the electrodes to
individually reach a potential that is dictated by electrochemical kinetics. The sensor
operates by measuring the potential difference between these electrodes, and the
hydrogen concentration can be correlated with the magnitude of this potential

difference.

Acknowledgements

This research was supported by Industry University Convergence Area R&D Program
from Ministry of Trade, Industry and Energy through Chungbuk Energy Institute for
Industry—University Convergence(CBE—2020—-03).

- 167 -



= 20219E FhRolliiz|ste] EAStLUES] -

AEA Afde A5AA Y s &Y AE FEE AR
Aolg&—-di-g4 v 7

Development of M—N-—C Catalysts for the Oxygen Reduction Reaction in
PEMFCs
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The increase in carbon dioxide emissions has been a direct cause of climate change in
recent years. One of the most promising alternative renewable energy sources is fuel
cells that are green energy with no carbon emissions. Among various types of fuel
cells, the polymer electrolyte membrane fuel cell (PEMFC) is attracting attention as a
system that can replace fossil fuels in the future with zero carbon emission, high
efficiency, and low—temperature operation. The oxygen reduction reaction (ORR) is
also particularly important in the energy conversion system of fuel cells. However, the
ORR reaction takes place more slowly at the opposite electrode and requires a highly
active catalyst. To date, a lot of research has been conducted using platinum catalysts,
which has the disadvantage of high cost and dissolving platinum. Therefore, in PEMFC,
a lot of effort has been made to improve performance and durability by using
inexpensive platinum alloys or transition metals to replace expensive platinum with
carbon supports.

In this study, a metal hybrid nitrogen—doped carbon nanofiber catalyst (M—N-C,
M=Fe,Co,Ni) was synthesized through electrospinning. In addition, by synthesizing a
bimetallic metal using two transition metals, performance improvement is expected due
to the interaction between metals and N—doped carbon nanofibers. Since transition
metal catalysts are cheaper than conventional platinum catalysts and they have more
stable durability in acidic environments, they are being studied as a next—generation
catalyst to replace platinum. The as—prepared M—N-—C catalyst was characterized by
SEM, TEM, XRD, BET, and XPS analysis. The effect of M—N—-C on ORR activity and
PEMFC performance have been systematically investigated. Their electrochemical
studies were measured in oxygen—saturated perchloric acid solutions using a rotating
disk electrode (RDE). This work provides in—depth insight into the electrocatalytic

activity of oxygen reduction reactions and the best PEMFC performance enhancement.
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Structure control of Pt—Ni alloy catalysts for oxygen reduction reaction
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Effect of heat treatment conditions on the oxygen reduction reaction

over pig blood—derived catalyst
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A Study on Inner Defect Evaluation of Fin Tube for Upward Heat

Recovery Steam Generator
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Characteristics of Organic Components on the High PM, 5 concentration

observed at Power Plant Area in Spring Season
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Development of Electrostatic Precipitator using Alternative Current

Power for Removing Fine Particle
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Field—test studies of CO2 separation membrane pilot plant for carbon

capture

Membrane—based gas separation process is one of the next generations gas
separation processes for carbon capture and storage (CCS). Increasing global warming
and the wupcoming COZ2Z reduction plans to 2030 require demonstration and
commercialization of post—combustion capture technologies. In accordance with the
development of various materials and processes, the membrane process was also tested
in lab—scale and bench—scale, and accordingly, carbon dioxide capture pilot studies
were conducted at power plants and industrial sites. Here, we manufactured a
multi—stage process using polysulfone and polyimide membranes as a mobile system,
and conducted and evaluated pilot studies at Korea District Heating Corporation, Korea
Institute of Energy Research, and Halla Cement. The design, demonstration, operation

and evaluation of research evaluated by various emission sources will be presented.
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A study on the VOCs Emission Characteristic in Cola storage shed
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Structural Analysis of Jig for Rotation Test of Gas Turbine Blade
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Sensitivity Analysis of Dryout Power with Increasing Diametral Creep of

Pressure Tube in PHWR
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An Analysis on the Characteristics of Variables for Improving Plasma

Conductivity in MHD Generation
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An Experimental Study on SCR Slip Ammonia Reduction
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Power Plant Process Water Production
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Research Trends for recycling of waste solar panel
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Ethane dehydroaromatization activity of Zn—containing HZSM—5

catalysts prepared by various synthesis methods
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Advances in shale gas and natural gas extraction technology have led to an increase
in production of ethane, the second largest component of natural gas, and a decrease
in price. The process of producing high value—added substances such as olefins and
aromatic compounds from ethane is attracting attention.

In this study, Zn—containing HZSM—5 catalysts were prepared by different methods
such as incipient wetness impregnation, ion exchange, physical mixing, and direct
synthesis. The introduced Zn species acted as an active species for ethane
dehydrogenation and the reaction performance was greatly increased. The chemical
composition, textural properties, acidity, and distribution of Zn species of the catalysts
were characterized by XRD, ICP—AES, N adsorption/desorption, NHs—TPD. The
influence of these properties of catalysts on ethane dehydroaromatization performance
was tested. The catalysts prepared by mechanical mixing and direct synthesis showed
good Initial activity, but the deactivation proceeded rapidly and showed a rapid
decrease in activity within 1 to 2 hours from the start of the reaction. On the other
hand, the -catalysts prepared by ion exchange and incipient wetness impregnation

showed a rather low initial activity, but relatively stable.
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Effect of XGa/HZSM—-5 (X=0,1,3,6,10) Catalyst in
Co—dehydroaromatization Reaction of Natural Gas

Shale gas and natural gas reserves and confirmed reserves are increasing every year
globally. Dehydroaromatization reaction of alkane, which accounts for most of natural
ags components, has increased due to directly synthesize natural gas into high

value—added products such as aromatics compounds (Benzene, Toluene, Xylene).

In this study, in order to increase the yield of aromatic compounds through
co—conversion of methane, ethane, and propane mixture gas, the reaction proceeds
using a simulated gas (methane:ethane:propane=85:10:5) having a composition similar
to that of natural gas. Through the reaction of the XGa/HZSM-5(X=0,1,3,6,10)
catalyst in the simulated gas at 650 C, the effect of the co—dehydrogenation
aromatization reaction of methane, ethane, and propane mixture gas was demonstrated
with the olefin and aromatic compounds yield. The characterization of the catalyst was
done with XRD, N2 adsorption—desorption, XPS, H2—TPR, AlI-NMR. The analysis was
used to confirm the active species in the reaction process and the characteristics of

coke.
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Regeneration of X/HZSM—-5(X=Mo, Ga) through combustion of coke in

oxidative condition on non—oxidative dehydroaromatization of natural gas
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Investigating Novel Nanostructured Metal Vanadate as a Cathode for

Rechargeable Aqueous Aluminum-ion Batteries

AGA - AAF - £EF - o148 - o]7]W
drefsta 3Lz

d
=

Aluminum Ion Batteries (AIBs) are considered promising next—generation energy
storage systems due to their low cost, fast charging capability, excellent cycle
performance, and stability. In addition, aluminum is a trivalent metal—rich in reserves
and has a theoretical volume capacity (8.04 Ah/cm?®) that is about four times that of
lithium (2.06 Ah/cm®). AIBs have been mainly studied as a non—aqueous system with
an ionic liquid (AICI;[EMIMICI) electrolyte. However, high cost and corrosiveness are
still major drawbacks of large—scale applications. To improve these drawbacks, safe
and inexpensive alternative aqueous electrolytes are being studied. In aqueous AIBs,
transition metal oxides, transition metals, and graphite materials, which can reversibly
charge and discharge aluminum ions, are widely used as cathode materials. Among
them, vanadium exhibits various cations ranging from divalent to pentavalent that can
form various compounds, so vanadium—based cathode materials are being studied in
various battery systems.

In this study, a vanadium—based material is used as a cathode to study aqueous AIB.
Particularly, Hi1AlVg093, (HAVO) has excellent stability and reversibility with no
structure deformation. The pillars in HAVO are the V-0 layers which make fast
diffusion of AI’* ions intercalation/de—intercalation and improve electronic conductivity.
In addition, pre—inserted water molecules can provide electrostatic shielding to metal
ions and improve ion diffusion ability. Therefore, three—dimension (3D) HAVO hollow
spheres were synthesized and analyzed as cathode materials in aqueous AIB. The
morphology of HAVO was studied using FE—SEM and TEM. Physical properties were
investigated by XPS and XRD. Their electrochemical properties have been studied by
cyclic voltammetry, constant current charging and discharging, and electrochemical

impedance spectroscopy.
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A Study on Enhancing Potassium-ion Storage using Carbon Nanofibers
for Superior Performance in Potassium-ion Hybrid Capacitors
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Hybrid capacitors are considered as one of the best energy storage devices owing to
their amazing operating lifespans, high charge—discharge rates, notable power density,
cost—effectiveness, and feasible fabrication. Since the first report of a lithium—ion
hybrid capacitor (LIHC) assembling an activated carbon (AC) cathode and a graphite
anode in 1999, many LIHC with various assemblies of anodes and cathodes have been
developed and launched into the market. However, lithium—ion batteries are limited to
large—scale applications due to performance issues such as safety and low power
density, and high cost because of the lack of lithium reserve. So, recent research
works are being focused on replacing it with another material to apply to large—scale
ESS. Potassium—ion hybrid capacitors (PIHCs) are considered as promising alternatives
to lithium— and sodium—ion hybrid capacitors (LIHCs/SIHCs). Potassium has a wide
potential window of —2.93 V similar to that of the standard reduction potential of
lithium (—=3.05 V vs. SHE). However, the sluggish kinetics of potassium ion battery
(PIB) is due to its larger ions (1.38 A) compared to lithium ions (0.76 A), which
leads to poor performance. The development of anode materials for PIBs is still faced
with many serious problems, such as low capacity and poor cycling performance.

In this study, we develop a potassium—ion hybrid capacitor (PIHC) that potentially
offers complementary superiorities to that of PIBs. Particularly a low—cost preparation
of electrospun aided carbon nanofibers were synthesized and assembled with metal
phosphide for long cycle stability of PIHC. The surface morphology of materials was
studied using a field—emission scanning electron microscope (FE—SEM) and
Transmission electron microscopy (TEM). The physical properties of the materials
were also investigated by X-—ray photoelectron spectroscopy (XPS) and X-ray
diffraction (XRD) analysis. Their electrochemical characteristics using half—cell and
full—cell were carried out to measure the long cycle life and capacity of PIHC by

cyclic voltammetry (CV), and electrochemical impedance spectroscopy (EIS).
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High—Performance Al—ion Batteries with Enhanced Stability using
Nickel—Cobalt—Sulfide@Carbon Composite Cathodes
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Rechargeable aluminum ion batteries (AIBs) have gained much attention for new
generation large—scale energy storage systems and promising post—lithium—ion
batteries. It has a lot of advantages compared to lithium—ion batteries such as the
cost—effectiveness of Al metal anode, high energy density, quarter—million cycle life,
and chemically stable metallic aluminum anode. Moreover, the AIBs have a high
volumetric specific capacity (8.0 Ah/cm®) compared to that of lithium (2.06 Ah/cm?®)
due to the three—electron transfer redox properties. However, AIBs suffer from a lack
of reliable cathode materials with desirable intercalation sites for high energy density.
Also, the sluggish chloroaluminate anions (AICly~ and Al,Cl;”) diffusion kinetics due to
the large size of ions caused the limitation for the practical application. Therefore, the
study of the AIBs has recently developed for the conversion reaction of aluminum ions
instead of its intercalation. Over the past few years, AIBs have been investigated
theoretically and experimentally for finding appropriate conversion cathode materials
like V205, TiOs, NiS, and MoS; owing to their high capacitance, superior rate
capability, and excellent cycling stability.

In this study, a nickel—cobalt—sulfide (NiCo,S,;) was investigated as a cathode material
for AIBs. NiCo,S; was prepared by the facile hydrothermal method. Thereafter, it
converted to highly conductive carbon composites, which can be used as promising
cathodes for accelerating electrochemical reaction Kkinetics in AIBs. The structural
morphologies of NiCo0,S; composites were investigated by scanning electron microscopic
(SEM) and X-ray diffraction (XRD) methods. The electrochemical properties of
NiCosS, and NiCo,Ss/carbon matrix as efficient Al storage cathodes in AIBs by
studying the galvanostatic charge/discharge cycling and long—term cycling stability at
the ultrahigh—rates.
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A Study on the cause of the fast start time delay of the Emergency

Diesel Generator

714938 (Young Cheol Kim)

(KHNP-Central Research Institute)
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Causal study on improving the stability of emergency diesel generator

load oscillation

7438 (Young Cheol Kim)
S H A2 (5) F949 U (KHNP-Central Research Institute)
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4 757 (Actuator)9) CGID ESEA AR 13
A Study on CGID Critical Characteristics Selection Method for

Pneumatic Actuator

TH 3} - FA
st E A2 (), TYATY

nes

1. A&

T&71(Actuator)= AT H(Qew) wHozm U9 OJX}FJ o H]3E A =
FH T AR A A4 7 dE A2 el Abds Bla e A
Sl dd A ARRY B LA FEAETE ’\7HQL A= AAolth ol o
gto = A (Reverse Engineering) & &3 Al &wiie] shute] diote= A4
»19—1/} TE710l gsl el A At At gl AeR sbebEa Yk uiAlsE
ﬁ@'%i MG sH FEOE ALY A FAAFT B o}

Me b A sdRske dagle] wdd A AW U
A Teo® &9 75 7] (Pneumatic Actuator) & AHE3H7] £ A

U
AH A S 55} Actuator H=9 A =7}

NRC(Nuclear Regulatory Commission)+= HydramotorAl®] AH90 and NH90 series®] Z=3Z&o]
5160 Type Steel W4l 1060—1070 Type Steel® A|F =] A&7} A3l ~EZI7F AA
R o A Jeees Baustgon 98\ w9 Clinton 19 AX¥ HydramotorAhe]
relief/dump valvesol|A] thololxalo] © < /A S mlobst Ayl AdEso s Fusiit)
TYP AN E F55 Ao E Actuator 7Fo|= H4 F O-ringS A (C15.6)%F A&
B 33sla v}l Velan, ASCO, Weir Valve, Dresser, SSM Industries, Fisher Controls
internationalAloll ™3] NUPIC(Nuclear Procurement Issues Corporation)o]A 2ai3dl Audit
ReportE %3 &<l A3 FE% 2= Material, Dimensions, Mechanical Functional TestZ
FoEA R HAAsIGlTh 9 71HEolA dAHe 5SS AASAES aEs BE Algo] ofvgt
At A S A5 Addstes dF 5EA4S AAs Aoz dod m3olgt & 5 AT
T8 5EAS HAEE Ao ddHrh
3. Pneumatic Actuator® ZE54 1z

TSUle] Al A B 9}%01 Pneumatic Actuator®] 37 & 70%0°]/do] H|=4 AAle] F
oA AE L vk AR E JEErLE FE IRldH U}O]O}Ja“ T, Aol iﬁil/ii%‘
&, GEA P T ixﬁ‘é Bz dAAstion, wgde ¥ H45/d 2= Chemical Property,
Durometer, Material, Leak Test, Stroke time(Length), Dimension, Function Test, Hardness,
Tensile Strength, TorqueE ==3IRtl. 4] HE AAV|E 2 AT JFHVE F3) o5
H A5FE4o] o EEFdLh 1 F CGIDE 9 4 BEg fls IF54 22 Material,
Function Test(Seal Leak Test, Hydro Test =), Dimension, Stroke time(Travel)S A3} th
4, AE

Pnematic Actuator®] ZFEA 1z2s &l 75719 AAEALTL A1 HAAA o

Az gEAS =

mlo

THEN SRS BAGeEH 7 12 e 4 92 Ao poat. 444
FEAL B R AN AEEAS AET A FUW AFARE 4T & Qo]
AUFAEELRE ATl NP B NHHS 2 5 dE AV A Qo wudn
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The Improvement of Temperature Control Algorithm using Fuzzy PID

Controller
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d AR (F) FFAT

FARRY AAH DAL WEI] Sla) HEHE YA sge AR zve o
50%0l 4ol ALGETh ARAA X Az WA zEe] dUX GES ol 2
of Masli, o2 9la) AFAAY AAFe AL E AL 5 X A 9% o

&gk A7 W Folrh B m=EoAE GEAEEE oUA a85 FUFE f% AR
U

s71ewe] Wash ARYRe] RalFe uelste] A Hz LAFoA AU 4%
P T 5 e Aol G FS A

UEkA| 28l = o -F Yo AU HEYH(Return) 3715 £¢A17# AHU(air handling
A kA o)

A }&-5] =92 WUHrF Y (Heating Coil)oll A7) B 71g s odojy &
= o]&% 94 wEs Faf el Zas Au ¥ (Supply)s7leolth olyuA i3S 918
9719 HE" 3719 EFHE 2det 7HdE HEH 371E HAE o] &std ouA &
S =Y U 2y Al ojabsteta A E 2dshr] 98 A 971E FdslioF
st 9712k 9 Y Wste] we Al FEeE 9 HEY 7] A s BAsE
Aoj Al ~"o] Hasttt 7]F 79 i WP Fste] Wt wel s At
Azt dasta ol BEAALS A or =g W] wiiel 2% A B
FE 2 AlojAdso] Hold AojgaglFe] H sttt
WhFA 28 o] AFgElE Ao Al ARSI} Zhdelal obAA Bg witel] PIDAO]7F B
o] AR&E 4L Qlth. PID Aloj7]o] AAle= dwtAo=m A Fe]—YF 2~ (Ziegler—Nichols) ¥ H
S o] &3t HAg Al s HAAS L =] WAl AFS FEA JidE PID A
Qs =4dgith ] 7l wok AEu o] Fapke] wisk= 45 PID ARl #hs Al=HEE
“JrﬂU]Ei I

F4 4 PID#S A %l% XA st= Ho“?éo] Aottt HA PIDAIO 7] Al
oz W3le] 3kaAS=(scaling factor), Al
ﬂ%e—:’] LLﬁ]—r, HA Aoyt o «]‘H PID 111017]4 S B S e skl w2
(adaptation) A 7] BE|= PID A9l @& HAshA 24T 5= Ak A 299 24
A 913.4 Qg3ro =z 97] AUFs Wi W s &= #al HA# PID Al
H 1l Atk ARbEE Aoj ki F
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The Improvement of Superheat Control Algorithm using
Adaptive PID Controller

25 AE37) §94 WA 940,
* s oo g 34 24

7] 91 HA= Ao %‘iﬂ%% ﬂ"&?&ﬂ}.

2 =7 SEAN e} Y] FLEE AHE T34 AHU(air handling unit) &
H(supply) &71%E Aojdt WEste AAFSE ndste] HEH(return) 3%
= & AAsto] AA F-atel tid A7t sbestth shARE HEd 229

sHER wite] A B &F Aol A AA 2% B ¥ A"e](Hunting) A
b oAUk 2% Ao s FFATI7] S8 3 7h=(Hot Gas) Ao, A 45719

A= (Super heat degree) Aol M2 J&FS T 5 A|xd gz F
Awo] gt A Fhdx AlojeE Fur]e I Byt ojyzl ¢F7] 2 g ska Ao
Hrgks adste] e A4 daueFe] desit Head 2k ¥t w3y 2

A 7kE
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FaA s BgAow wetnE WEo WA 49 PID AE Agsw Aol
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Awstel W Aoloxts 24 2 olgstel Adsl AerlEE MR & AT JA=
HERE A%e 34 A2+ A A% PID AoVE Aeshd sebnee] 498 e
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The Improvement of Pressure Control Algorithm using LQG Controller

HVAC(Heating, Ventilation, Air Conditioning)A]~8lL A& HAH3 4 WHE7] ¢
d 2% ¥ FEE FHAH FJHE FASY. AlxgeY P T

H (Expansion Valve), 4% 7](Compressor), =% 7| (Condenser), 52 ‘(Heatmg Coﬂ)i
TFAE gtk HVACA|&=HlelA  Hesk Ao 45 45 7] (Reciprocating
Compressor), =37 4%7|(Screw Compressor)S AF-g3tth, dukz oz 71ZAo] A H 3k
G5 AFF717F wol ALgHH, gHd Ao 2% A 23F 4S5V 7F AR E
A gFAojol 2o A dHa 748 H Ao 21E A ¢ Ade gEAe] &

R

S B3 zxA W3l thd AHU(Air Handling Unit) &3 (Supply) AR
Aol o] A1 7147 94'5‘]1 AApA BB S o] &5 TV AY 1Y 1019} o
719] AEEZFA 7 stttk 237 45719 dEAol s FetvlE Al "4741 & 3k
Fx8k7] 98l {\_%ﬂﬂ&i EGAE S7HIncrease) EiE %i(Decrease)O}‘ﬁ/ﬂ A o]
éﬂjﬂ otz Wt a2 Wsl, fdx W 5 oy Tt

o o v

HVAC t¥lg A 2ELS Aofsty] fale e AHBETE SAdoF AT dd4 Fdo]
E7bssith. 1EfA A2=Elo] bFTVbs, HAETbssttid A FAF Ao o]&< LQG
(Linear Quadratic Gaussian)#|o] W& 01%3}04 Tﬂrtﬂﬁ A7t 7hsstk. LQG Aol Al 2~
glo] A= FHAHA ] o]Ed 7|HkS 3 Gt HAFA ool 7Wks F
KalmanZ e & X%t AAgeng HE A4 AAFS2 9 5 =g dist
KalmanZHE A7A et A28 AP} 7HAG,E HAsseh. A9 LQG Al
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Development of Full 3D Model Structure for Nuclear Power Plant
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A Study on the Evaluation of Critical Characteristics for Safety Class

Heater Element
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A Study on the Evaluation of Acceptance Criterion for Safety Class

Transducers
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A Study on the Evaluation of Characteristics for Insulated—gate Bipolar

Transistors
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A Methodology Study on Verification Critical Characteristics
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A Study on the Verification Method
for Ground Protection Relay Integrity
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A3 AR 357 Alelg|2HE 54 B@rld #3 AT
A Study the Evaluation of Characteristics
for Reverse Blocking Triode Thyristor
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The Method of Functional Verification
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Extensive optical studies of SbsSes thin film absorbers

Ji Hyeon Noh - Sreedevi Gedi - SalhAlhammadi -*Woo Kyoung Kim

School of Chemical Engineering, Yeungnam University, Gyeongsan, Korea

Currently, antimony selenide (Sb»Ses;) has attracted worldwide attention as a solar
absorber due to its desirable optoelectrical properties and binary composition with
environmentally friendly elements. In the present work, Sb.Ses; films were prepared by
the two—step process. At first, the metallic antimony (Sb) layers were deposited by
DC sputtering on glass substrates and selenium (Se) layer of 1 um thickness was
deposited on Sb layers. Finally, the bilayers were annealed in rapid thermal process
(RTP) system. The consummate optical analysis of such films is indispensable for
more preponderant designing of heterojunction solar cells because only the optical
properties give the information to understand their electronic properties and band
structures. Therefore, an exhaustive investigation on the optical properties of ShsSes
films was made using the transmittance and reflectance measurements. The absorption
coefficient was >10* cm™! for all the films. The band gap of the layers was
determined from the differential reflectance spectra that varied in the range of,
1.32—1.21 eV. This study has also conclusively shown that the SbsSes; films prepared
are suitable for solar cell absorbers.
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Figure: Optical transmittance and reflectance spectra of Sbs;Ses absorbers

(inset: SEM image).
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Studies on Cubic Tin Sulfide Thin Films for PV Application

Sreedevi Gedi - Ignatius Andre Setiawan - Ji Hyeon Noh and :*Woo Kyoung Kim

School of Chemical Engineering, Yeungnam University, Gyeongsan, Korea

Cubic SnS (n—SnS) is a promising semiconducting metal chalcogenide for photovoltaic
applications. It exhibited interesting characteristics such as a high absorption

! in the visible region, a direct optical bandgap of 1.7 eV, and

coefficient of 10™* cm™
a p—type conducting nature with dark conductivity of about 107 Q! e¢m ™!, and had
good photoconductivity response. In the present work, m—SnS thin films were prepared
using cubic tin sulfide nanoparticle ink by the drop—casting technique. The samples
were then dried in air at 65 °C on a hot plate for 1 min to eliminate the remaining
solvent which is used for the preparation of ink. The thickness of the deposited thin
film could be precisely monitored and replicated through the repeated coating and
drying processes. The prepared m—SnS thin film was annealed at 300 °C for 2h, and
the physical properties of the nanocrystalline m—SnS thin films were examined using
suitable characterization methods. The XRD patterns of the as—deposited thin film
exhibit peaks related to the cubic structure of SnS (n—SnS). In the case of the
annealed thin film, the amplitude of all diffraction peaks is strengthened. The SEM
images revealed that the as—deposited n—SnS thin film has slightly smaller grains
(~56 nm) than the annealed ®—SnS thin film (~64 nm). Thus, the annealing treatment

enhanced the crystallinity and morphology of the m—SnS thin films.
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Figure. XRD patterns as—deposited and annealed m—SnS thin films.
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Preparation of SnS. thin film by chemical bath deposition for thin film
CIGS solar cell application

Salh Alhammadi!, Sreedevi Gedi' and Woo Kyoung Kim*!

'School of Chemical Engineering, Yeungnam University, Gyeongsan-si,
Gyeongsangbuk—-do 712-749, Republic of Korea

Currently, as an alternative buffer layer to the toxic cadmium sulfide (CdS), the
tin disulfide (SnS,) has been investigated due to its suitable wide band gap (~2.9 eV)
to transmit most of the solar light spectrum to the Cu(In, Ga)Ses light absorber.
Further, the SnS, consists of low—cost, earth abundant, and non—toxic elements.
This work presents the successful synthesis of SnSs nanoparticles using a facile
chemical precipitation method. The prepared SnS, nanoparticles were used to deposit
the SnS, thin film by spin coating technique. The X-—ray photoelectron spectroscopy
(XPS) results showed that synthesized SnS:; nanoparticles has a stoichiometric
composition of Sn and S. The Raman spectroscopy has showed a characteristic peak at
316 c¢cm™ ! that corresponding to the hexagonal SnS, phase. The calculated band gap
energy from absorbance spectra of SnS, film is found to be ~2.9 eV. The fabricated
CIGS device with SnS, as buffer showed the conversion efficiency (~5%) close to the

efficiency (~7%) of device fabricated with CdS as reference buffer layer.
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Improvement of solar cell soldering performance using induction

heating technique
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HEF &= AR °l IF WYl A3 CuZnSnSs R CusZnSnSe, e
EE
Synthesis of CusZnSnSs and CusZnSnSey thin film by non—vacuum
method for photovoltaic application

Meenakshi Sahu - Vasudeva Reddy Minnam Reddy - Chinho Park* - Pratibha Sharma**
*School of Chemical Engineering Yeoungnam University, **Indian Institute of
Technology Bombay Powai Mumbai—400076 India

Solution ink—based methods attempt an important attention for photovoltaic
applications. It is high throughput, eco—friendly and better utilization of material. The
best reported prepared by non—vacuum process CZTSSe—based solar cell with 12.6%
power conversion efficiency suffers from the use of a toxic and explosive solvent.
Contemporary literature shows that the development of ink—based process is reliable,
benign, non—toxic, harmless and green.

Keeping this fact in view, the wet ball milling technique has been used for the
preparation of CZTX (X=S and Se) nanoparticles in pure phase with kesterite crystal
structure. In a typical synthesis of nanoparticle, elemental powder of Cu, Zn, Sn, S or
Se and butanol solvent were used. The ink have been formulation by using synthesized
nanoparticles. In this process, azeotropic solvent (methyl ethyl ketone and ethanol)
are used. PEG—400 and Tween—80 are used as surfactant and bonder respectively.
Thin films were deposited by spin coating and annealed at different temperatures
(500 — 550 ©°C) in the tube furnace in the presence of sulphur/selenium powder under
N, inert atmosphere. The prepared samples were characterized using various
characterization techniques. XRD and Raman confirm the pure phase Kkieserite structure
in the prepared samples. FESEM analysis shows that deposited thin films on substrate
1s uniform and densely packed while EDX used to measure the chemical composition or
stoichiometric. The opto—electrical properties were investigated and all films were
showed p—type nature with improved electrical properties after annealing at high

temperature.
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IEE CZTSSe HFAA
Research for high—efficiency CZTSSe solar cells
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HE T4 SAS 7Hx CZTSSe vHet Bl A= 2HAI] Bl Fd ] 9] Eofel A F<=3] <
T WEE I itk 22y, CIGSY H2H A710lE & & HFdA] o Hlete] 9 §82
o1to] AFg3lo] APEo] Ha Yl CZTSSe HFHA2] &S ¥ol7] YaiMe
CZTSSe F&4% Wil AMAEE macro defect M olyg} M=742] deep leveld] FA 5
= mid—gap defect®l Sn & point defectE FH A3} st Aol FQsith H wgoAs
FETes oA 349 HAASIL defect B 7AE= AES Fobepgith. T 1E@&
CZTSSe HYAA Y &5 fdte] EHAE HEHAE dA76te] 158 ZHAE HEA

A A Aybs BE

- 224 -



20219 E BHRo|2|EtE| 2AGHEUES| =

188 ALHZo|EA vt ejFdA o dAE AT FHAA
B A7
Research for the correlation between high—efficiency kesterite solar

cells and annealing processes

FIAA - Ed3 - ASd - AR - AANE - Fi - A - AAE AT
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