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Renewable Energy Policy Trands and Major Systems

X/
jihyun Ryu*'
ol | 2|5tk AL A A AR A
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Key Words : A1 A A of| J X] % 2135 3F(Renewable energy policy trands), RE100
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Zero Eenerg Building,
Renewable Energy Application Technology and Effects
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oY A3 AEol v x4

Abstract : =7 & 0 F 5 205010 TP H R EY(21.12)9] A RoUA|HSE(ZEB) o F-2t2 =gy of
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Key Words : A| 2 of| ] X| A Z(ZEB), 3] A] B.7| < (Passive Technology), 28 E] B 7] < (Active Technology), 412 A4 o]
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T Corresponding author, E-mail: sungwoo(@energy.or.kr
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Electrical & Thermal Performance Analysis on Convergence System
Using Photovoltaic-thermal Module

*T *
28, x47

:

Byung—yong Mun*', Sung—goo Cho*
#(F) ol A AH]

Abstract : 28 20509 37 A 919 Poro 2 AP A 20| o] 2] A3k} of
YA U & P W S5t )Y R A2 A st ol 8t B Glek. 58] AAIA F A
AFgeFe] Auke A 9l o HE | & st gloli BhaFYo] Brbs R ofn] dejx
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Slth 2 Q1T o Atz ol A AHE PVTRE O] A4 ALgA 2t o 9 A B ko] A& B4 5ha
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Key Words : PVTE- g} & 5 (Photovoltaic & Thermal module), 4223 (Carbon neutral), PVT-§&A| 2B (PVT
convergence system), o | ] 7 Z+(Energy transition), 7‘<j 2 S}(Electrification), ROI(Return on investment)

T Corresponding author, E-mail: solexsge@gmail.com
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A Introduction to Solar Air Thermal Systems

SSM g
Ho—suk Song*’, Gyeong—gu Kim**
FFINHSFEE s Y, e T
Abstract : A A AR =52 A= 9] v gt FHES GAsH7] g Wete 2 AE o] Aoy A5t
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A Roadmap to Reduce the Carbon Footprint of Photovoltaic
Manufacturing

Moonyong Kim*', Sisi Wang*, Li Wang*, Brett Hallam*
*School of Photovoltaic and Renewable Energy Engineering,
University of New South Wales, Sydney, NSW, 2052, Australia

Abstract : In 2023, the global photovoltaic (PV) capacity surpassed 1.6 TW. However, to achieve the goal of
net zero emissions, the world needs to scale up significantly, aiming for over 10 TW and 60 TW by 2030 and
2050, respectively. This scaling is crucial for replacing fossil fuel-based technologies with PV, thereby reducing
carbon dioxide (CO,) emissions from electricity generation. Moreover, electricity can substitute for gas in
heating or cooking through the use of heat pumps and induction cookers. However, the production of crystalline
silicon (c-Si) modules involves energy- and carbon-intensive processes, potentially resulting in substantial
emissions during manufacturing, primarily through indirect emissions stemming from electricity demand. This
study aims to identify the primary sources of emissions in the manufacturing process and propose strategies to
mitigate them.

Key Words : decarbonisation, crystalline silicon solar cells, MG-Si, poly-Si, modules, carbon dioxide

T Corresponding author, E-mail: moonyong kim@unsw.edu.au

VAR






COLLEGE OF ENGINEERING







2024 KSES Annual Spring Conference

dold 32 53 28 Aol I
MWCNT/PTFE 234 7|4} 75|84k

N i,

l

(o

Gas Diffusion Layer based on MWCNT/PTFE Composite
with Improved Mass Transfer via Laser Perforation

HEHAL* O] 2AF*** 0| Apof***!
Taesik Eom*, Eun Sang Lee***, Sang—Eui Lee***
“QIBheSHL 44714k ALAIE) 71441 29 KIURL A7, #+Q1shejstan 7] 4 35t
Abstract : 7] A &-4F2(Gas diffusion layer, GDL)-2 311 &2} 3] & 2t 1 & & X| (Polymer electrolyte mem-
brane fuel cell, PEMFC) 9] 4= 14 @ 4 & slutolth. GDLS A= 2l AR E Agdr Bl ofy
o AmAA ool & ABai Belohs e ok Aal AT A S $A 9T EA
o =9 ¥ & (water flooding) & 2 15t 7| A7} A 7|59 W] @S ogst7] s Adet
=9 A 2w = o] astrh & Ao A= MWCNT/PTFE E33 Fof gl o] A& o] &3}
T2 Eol GDLS A ZEH9t B3 UE /|5 GDLS £ 454 2 4714 S4Bl of el o
ojx AelH 1 UL AP AZ 7HAH & vlE =2 AFEE T O A3 A8 GDL thH] oL
AR AR A ALst gastdon, 33408 AY) 2w ST 1 /148 21140
222 &9 8%t wgwokol 488 = dRdA] 7wl A& 7ted AR 7t

+ 1 & 7 X] (Polymer electrolyte membrane fuel cell), 7] %] Z-4H(Gas diffusion layer), T}

A8 )
HEF A L= B H (Multi-wall  carbon  nanotube), Polytetrafluoroethylene(PTFE), | ©]# 2 -3(Laser
perforation)

T Corresponding author, E-mail: selee@inha.ac.kr
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Research on Application Systemas of Conteollable
Magneto-Rheological Haptic Device

HEQRI* 0|2 A
Yu—=Jin Park*’, Eun—Sang Lee*
*Qlhefshal s | M e 7 A A 28 7] 98] Ak

Abstract : i A= A o] 7He ek 47|+ A(MR) HE F 2] 0] 58
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Key Words : #}7]-8-H Al & (Magnetorheological Materials), 4 €] %} %] (Haptic Device)
T Corresponding author, E-mail: eugene5059@inha.ac.kr
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Production Process and Economic Analysis of Bio Fuels and
Chemicals Using Corm Stover

.
AR 0|24
Minsoo Jang*', Eunsang Lee*

*Qlsheekal

Abstract : Corn stover (CS) is recognized as a major agricultural residue worldwide, constituting 27.2% of all
agricultural waste. CS offers considerable economic and environmental advantages as a raw material for the
production of biofuels and biobased chemicals via both carbohydrate and lignin pathways. However, the
financial sustainability of biorefineries utilizing CS is currently being evaluated in light of several challenges,
including supply chain logistics, the efficiency and cost of conversion technologies, the scalability of tech-
nologies tailored to specific products, and competitive pressures from sugar and starch-based alternatives. This
work delves into main three sections: 1) the possible obtainable viable products from the conversion of CS into
biofuels and chemicals, 2) their market potential, 3) Pretreatment process, 4) Thermochemical process, 5) Bio
chemical process 6) Technical bottleneck of each process. Particularly, this work highlights the significance of
efficiently utilizing CS, especially abundant in the US's mid-west states, in enhancing the country's energy
security and sustainability. By investigating and analyzing the market potential of biofuels and value-added
chemicals produced through microbial or biochemical conversion, this research contributes to the understanding
of CS's role in developing economically and environmentally sustainable biorefinery processes. This research
aids to guide which aspects of technologies should be advanced, thus guidelines for further research related to
corn stover usage. Ultimately, this research boosts the corn stover related industry, more profitable on corn
farming industry, therefore enhace the food securities.

Key Words : &= FAHE(Corn Stover), HFo] 2 & & (Bio fuel), HFo] 2 2]1}o] 1 2](Bio refinery), 3} X 2t
(Chemical Conversion), 71 &] 2] (Pretreatment)

T Corresponding author, E-mail: msjang@inha.ac.kr
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Economic Analysis of Renewable Energy Storage (B-ESS, H-ESS)

SunHo Choi T, EunSang Lee™**
“Qlsteh et a7 RE AN 7| AN 2F 7] Atk FHEl st stal 7] Al

Abstract : St 1411 7 ) W53 o] M2 A SIESHIA AF 0] 4 AU A e B,
2)9] SeAA o7k AAH T ek FLUAY S vl B2 20159 H e QY= 93, 20224
e B I ARY Ao FE Aol = F LA ol ]3] AT Y AR Ahe] A% A wglo] wAY

[

atal otk ZE A olof tigl Sl A& A Z7bekaL glo] o] 2 F| A3ty el A o] H At
£ PR e e A S Wsar ok AR, A7 A 9l S A o] S Al S N of Y 2 E
S o] Wol Hg® RoAE AP e Al

Ze Ao ZAE &3] HoH A Ao 2 e A 4sh= W o2 viE 2] 7| R ESS (B-ESS)E
A2 SFAL QA RE B-ESS O] A A4 7|7t} &5F SH ol A =53 A E 7RI th B-ESS Y] TS
ZE5L7] Qe £AS 7|HO 2 3 H-ESS7F R 5 A gl ow, AubA o & o x| A AHA| tol| W
A7) -g S o A H-ESS7F - 2] 3 54 & 7Rtk oA g A Aol tigt o] 177 At obAl = Al
oA MEA F=5 = A Ao AL S A4 5

Key Words : B-ESS(Battery Energy Storage System), H-ESS(Hydrogen Energy Storage System), < 2 A] ¢ (Curtailment),
A1 4| A3 of| 1] X] (Renewable energy)

TCorresponding author, E-mail: shchoi9306@gmail.com
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| B8

Hydrogen Production Simulation through Gasification of Pyrolysis Oil

M+, ol2A
Jaeyong Jeong*T, Eunsang Lee*
oIt stal =47 RE AT 7] AIA A KIURTD Atk

Abstract : %1 |72 0.2 2p A 3ho] gt alo] ol X WA W BetaE AR B AU
740l MBE T Tk ShA T A B AL A B 2 QB Dol Hof o] S W A
B ol A A3 AATL F Ao helslA] Helw A ohth wtebd e B Aol Alof gl WE ek
g duaelr) ke A4 BT 0B Ho] 4o 91 5 QA Hrk. o2 A E AR
Lo Eetae o £ 2 Bl G dgbe] of el 9] X)7] el 28517] o FA| Het. ol el
A QRAGE P BLA R WS G 4 ol L hast THo] 4 ook AT A

362 7hastst Hrheld 2 a8 AT 4 S Bekol e A0t 3 F PR AL AAY
% A "t

B Ao N AEAGRIE SAE U] 913 b2 B2 aspen plus FHHA TRIHE A}
FohGom a Aol AT ARG /A0 T LA RAL b YATFE B3] WL

Key Words : 3| Z 2} El(Waste plastic), 7} 2 3H(Gasification), & 13} -5-(Pyrolysis oil), 4= 4~(Hydrogen)

T Corresponding author, E-mail: jaeyong@inha.ac.kr

AT 204U E FHEINHE) HUO R FHATAT HAYY M= TFATA 4757 AKIURY)

Z 7|
o]
A ALY o] %) 98 whol 423 o9l Uj Tk (No. NRF-2021M3H1A1064135)

© 49 .



202435 SHREfLOLXIEES] E=AISIEYHINS)|(2024.4.17.~2024.4.19.)

| HES6
BATRRY 4 £ A 277l AL g 8

Analysis of the Effects of Hydrogen Blending in City Gas on
Gas Appliances

*T * %
SEMY, ol24
T

Junsang Yoo*', Eunsang Lee**
“Qlste st KIURI Ateh, **Qlsiefsta 7] Al&stat

Abstract : A -2t A AREE = EAIZEAE S BAR W E s &Y PR IF 0| 13A
S 7tAOE S R (CH)& SRR ot 7HE F A As(WDE] ¥ $17F 52.75~57.78MI/Nm3
(12,600~13,800kcal/Nm3)Q1 7t A& 2 XA stH, A& JISO 13A 7tA2OFS I =E 2831 % .
SEAIRE FA A3k = A 7Pé°ﬂ*1 mgko] =442 0l7] wiZoll kA7 710l A ARE- Al o iheteka
(COYE Hl &3t HH, o] = A7+ 2de}E of7I A " whehA =AZ7FAE ARk e 7hs
71719 ' vl S S0l7]= ol ¥ Aol 2ol A AAH R EAZFA ol FEka <l
2R FaE AR WSS =dsh AL ok AL Qe SRR RE @A ARE-ShE 7hAT 7ol A E
H AREshe AE 27Fss] Mad A BAZFL O] A E E]AEH] AREshE AL shal glo,
ol #A4 A A AR S Hol7h] doll g H S 245 % Ve vt g & A
O 2 B3tk & A= A7 =4 & Al W A5 (Webbe Index), 1= 3 2}, T 7H
W3} 5o AFst R e, 744718 S WL 7k AT 7)o o = A EAE H‘%‘OP%"%.

Key Words : =2~(Hydrogen), I= A] 7} 2~ (City gas), & % H] (Equivalence ratio), & ¢] & (Mixing rate), 9| ¥ X 4=(Webbe
Index)

TCorresponding author, E-mail: jsyoo@inha.ac.kr
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S ABIES B4T 33 olR S84 A2
LD POR-ELE IR Y

Thermodynamic Performance Evaluation of the Cerium Oxide-Based
Thermochemical Two-Step Water Splitting Cycle Process

O| &% ABAM* o|SA*
Gyu Hee Lee*, Hyun Seok Cho*, Eun Sang Lee**'
“elstehstul a7k 7| AA AR 7] -2 At QIS st 7] Al g ekt

Abstact : £ €174 B YL B oho] g A B A8 AL 7]ube) dslobd o) &
Sl Abo] 2] Aoty S BTk 24 A4S 9% R BE WMo PO
SAE 718 ol 8 271 Role} Bkl A A0 e ALESE Aol Aol 2 e et
BFE S W] L QoA S 843 uhgo] WRF A= AR BfFD /N A3} ol
A Rl o] Bl SaE AAbehE WH S ST B AT 315} g2 o] §5te] o] Abser
0] Bal W B3 1 BA ol Aol st UABIERAE AAFSHE WS of el A= doja)
2 AakE 2SI B olAbsteia Bo]o) RS HrhsH o A Q) R0l W] e
SEol o, Do) e BASA At WAt ok 55 L W o) B4 45HE Sujo]u,
B QAo A Al F AFBFES 7|02 3 20 AFSL-BHY Aol 2 BH S B Ak A F AbetE
e EEECEEEUEE EREERES Y EE R EC LR 2 EIES
G2 B AT EQ A F ALBFEO] QR 2, ol AFsbekde] O3] A% L& W A} L& Wto]
w2 ety oA o Wstel thalAl ALstch HAYS Fa) Ao Aubs AF AHeHE Al
Sujo] H&AQ A U AE SRS 8T Aot o|dhA SR Abo]Z LA 2ol 7]o]

Ao 2 7|t et

Key Words : €] 9F & o] U] x| (Solar thermal energy), &3}8+4 4= 3}|(Thermochemical water splitting), Al &A=
(Cerium oxide), 2%+ 7| AFs}-3+9] Alo] Z(Two-step redox cycle)

T Corresponding author, E-mail: leces@inha.ac.kr
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TEARLE 74 1 F3je wolE

High Temperature Thermochemical Cycle Reaction by Metal Oxide
for Production of H, and Sustainable Aviation Fuel (SAF)

X 5] Ad*T

Hyunseok Cho*'
RelaelSt 4 719 A AN F192] AT

Abstract : 2 ¢ 7= b o U %] 2 o 50 L& AT} Mol WSS BE Sk U A% T
3 9% AAE(SAF, E-fue)] 4Fo] #ah Aotk 0 BEL oA S BE3to] Aol A S FF
Sh 3 AlAES ek, o] 2 F5] CeO; B M-CeO: (M: 210|344 Fe, Mn, Ni, Co 5)5 113
u A (F0)E ALgshel B o) @ ol AkshEra Ba) W8-S Aashe Alolth o] 3ol A st
o[eHA Mol 2 WG] o FolX|u], FLHAFE ] FAWEE 1300-1500T o] A, Arsheg-£ of
1000C o] A £ 292 B3l YAk AP At A ol 4 A 2Fsto] o % EAE A}

% 29 A4 AL Eal S ek
SR EREER RIS
A& ol 3t WBHH 0|3 A% 7Hsdt g
Aot SRS hE A el 7ol E 4 9l

2]
o2

Mo~
@

]

it
o9 ofo
il
L
X,

¢

7

=
—~ IO
N
z 2
N
b 2
rir offl
ok
z

olo

o

olo
2 o
of

p

o] Thg ol A A4 S0} ol ablet
o= AR AR S SAFR F8H =
Z AR AN AN FORA, B AR oE
Ao oehe mAsE AL B E R Ft.

o) 9F T AT WAL o U X AALS] X% FH5A S A7) 31, 37 A8 9l
B H S Ao 2K, o U X Wl §7 Hoko] 9] Frhet w4 BAIS S A5
& 7h5 e A AT

Key Words : &3} #}o|Z(tehrmochemical cycle), &4AFSHE(metal oxide), E %<1 &2 (Solar fuel), -3
(Sustainable aviation fuel), 4= 2~ 2 AF(hydrogen), Bt 4~ 1 & (E-fuel)

T Corresponding author, E-mail: danielcho@jinha.ac.kr
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| Em-s1
WA S0F A% o B Aule A

Development of Photovoltaic Energy Deployment Scenarios
Based on Market Potential Platform

¥ ZEG* ZRIG* S
Changyeol Yun*, Boyoung Kim*, Jinyoung Kim*, Hyungoo Kim**

oA 71 ATt A Elol B A, #H gk U A 7| s AT AR ol v A A4

Abstract : =7} A| 8] = O] 7| 2 AR 2 E8 5= B FE AR A S 209 A of whaf oheket
A7t = EHoh AAAE R Aolgh o] AA Y A E A& A, AH9 o] A AL Tho|EeklS
Vel m st T ol 2ol 48d o, mE5H A= HE Y g A - S At
TARZ AHEET o] H 3 AT A AT = A8 R = Al 220 whet wietA Hatstr) o
woll, o] 28 &= LCOE(Levelized Cost of Energy, +5 2} 71 8] -§)2} EA & (HAE7HA
o gk At 24T A HEZF @ FETh g A = 53] dArgel 93 ol &E&
(capacity factor)¥} EX| Qtj&of F&FS 7o, SMP(System Marginal Price, AE3tA7}2)%t
REC(Renewable Energy Certificate, A1 2| A A H X FF A FA4]) & thFst A A5 a8 gfoF gtct. 2 A
T T SAAGEAN T EAES B85t AEHHE, Y53, 4T 2 vl o
off ohekgt 2ol A 9] At AluE] &5 AJAISESA T o] H 7t Alye] & AitEE =7 ol | A FH
THY TAARRRE AYE A Folth g Aol A FAF A= A S, Sl HFH
of ot & EoHE S, A g, vHrol e, =)ot Y, #H7 =, s s o= Akd davkslon,
ol Y2 A| A8 Aol A%l 34 Ql o] 2T

¢

Key Words : A] 7 Z A 2F(Market potential), Elf &F33(Photovoltaic), A] L} 2] 2 (Scenario), ol 4 X| A & (Energy plan),

433 (Carbon neutrality),

T Corresponding author, E-mail: hyungoo@kier.re.kr
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sz
U £FEEUAZ(SMR) R&D £

Small Modular Reactor: Global R&D Trends

B ¥ O|2A|*, o|X|BI* o|gz=*

Gunyeop Park* Eun Je Lee* Ji—Min Lee*', Young Joon Lee*
e AR Y A A A

Abstract : 2 %] 7 7] 5:917] 9} o U ] B ekol o S5to] A 2t 91 A 12 X455}
T oith 58] A Tefe SasY ST o U A eks B 7HA 2R S B Aol A
1 5 i b A o X PO A Zhao] Heky| &2 FRASIT )3, s, B 5 e
o uiA] AME AAS AT BEIE WFOE Fas Yehm glon], AT 187
AARE BRAAN A £k 7| v A o] S gashrt AR, 712 TP LA of

%

[

e}

v S A LR ol i, AE ¥[E H 7Ibe ESAVIH, S S8 L RS FF
= U5 AP EAAZMR) g o] 5L Ik SMRE: URbAl o2 A%z o F=87]7
REgor AL 7] E 9] 300 MWe o] 5@l ApA| Hf A2 o] 3 Fejo|rh. Ao «
dd= el dE dT2OLWR) 7l BT ofy g, AF AL 2 (SFR), 112 7F A2 (HTGR),
§ 4 UAZ(MSR) 5 Al4AIH v G2 7] =5 SMRo|| 482 5= ik Ayt A o mh=, e

St ti A, @A FAh T3 Y 57155 5 20301 HE 2040 7HA] AZE 14629 9] A1
£ d5sh= 5, o8 7ol SMR =27} A &4 02 S7he Aol 2 A gshal )lrh. 1 ERt of
, FaAE A E S, AR sE, bt dlolHAE S £4HE A9 ¥ 5 SMR
2877t Eok7E A g H AL ok Al AR 7] o] mEE W A A A o2 80 F o]
SMRo| 7Hd o], 7] &--ffoll 7|Rbet vl A S s e B Aol Aok ot -2

flo . 10 flo © =4 o ofo (2 mf M
oy

o} R Qe o] dgkd £a4e AR, FHIA, 129 FAAES] &, AL 40 A 5
o) SMRO] A 7512 ol AL FS AR FxeT ATk

Key Words : BF4-2=3(Carbon neutrality), of| U] x| ¢}t (Energy security), A2 (Nuclear energy), &~ L E YA =
(Small modular reactor), Z}- Al tf] & A} 2 (Advanced nuclear reactor)

TCorresponding author, E-mail: jmlee0915@kaeri.re.kr
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A Proposal for Small and Medium-sized Nuclear Reactors
to Participate in Future Energy Markets

RALM RIYRA*, 0|PR*, o|FE**
Kyungsoo Yoon*' Jai Oan Cho*, Youngwoo Lee*, Young Joon Lee**
At A AAGEAA, e A AT A AR

a7 QA Eok= P A Febd AE FFUS el i d oA
AP PARR 7| S-S Bt 9l o o] & Qlsho] ubrh gt &
A = A o] FEd Alolet= Aot oo eyt Ay FAFARERE EHE 22
HAA-S A A8t 9lste] 22 A} 7S EA et 9l Adsolth 2 oA s
FEH FAF AR g 7|/ E D A HA = A Auto] A4S EYE YA S 1y
gt ulf o YA A ol & =HE7] 95 AA AFYE RS A AlS B AL vpolrt L RTEAER]
AeE R71 A5 Yt A 25 A7 = AL H1 2 S} o] gs AP S 13 o
A ATAsE B S AT O 2 A FAY AR SGAFGA] A7 R o)A S BASA 54
YA R ] o] &-F- Xl of| tE = 7= WA HS S Eot= al & ubedsh=1] 7] o gt} upx] ek o
2 3 AR S mdlo] AEAFAAANA FEET] Yot Hebo] Hash = b A A
whetof] gt A AL st o] HE A ES 7| & DL UA R GAR] ghed 9 Al Al
AR50 FAFYUAR AFGE A o Ao FES ATT 5= U AR 7 gt

Abstract : 7 A A H o2
gt S AL T
=

=

Key Words : 548 ¥ 2} 2 (Small and medium-sized reactors), 2~ & X & & ¥ A} 2 (Small Modular Reactors), A} ¢ 5
9 (Business Model), 1] 2} of| 4 X] A] ZF(Future Energy Market), 540} 4 X (Distributed Energy)

T Corresponding author, E-mail: yoonks@kaeri.re.kr
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[ __EM-sa
kg By 2Y9 AL 2 A4 A

Development and Application of a Photovoltaic Deployment
Forecasting Model

;
g, A

Sangmin Cho*', Yenjae Chang*
Fo YR A A A A ol A A A 2 A A

Abstract : £ A5 FHAE 2P0 /| ZARE BT S U BFY RFAY w o] At
ol o] A 2 §Abel o ek AolTh. mFHHe st ao] 7] wsta glon] AgEA e Bl
A 5ol mg o] B e AT HY Aol BUA L Fu S A ok glch. 20059 o] 9] Ff A
R RIS o2 GOl £ G0 DT FATAL T2 8 F Sl
A NG F 2GS 5ol FH e P AL AT A2 02 hdshieh. AR
AE A2H AL, %488l FARL, AAH R 58 wstel Agtom Ao 7]

ARA L B o A A 2] AT WA TR M AR £A AT, hobr} w3 Aol
ML FATh BFATES I O R AT G9IR YT F, 25070 71 2 A4 B ol
S /IO R 7k 7| ZAAAE R ek gk 7| 2/ A E B FAYS A ol S BopT B
Tol SOl gE 215 FAY GG W | ZAAAE HATHs WAFT AS F840] FAT
27k 7] Wgolth W Hs fhole 1A 0 & AR AT AA| BFAH Y ol
2 =&5hq 3 ol A7 2] A4 o) 4 AW nelste] HASGEh & ATA AT B Yo 3
He APHAFE BUH oz Testelrks A, 37k AAL BE A 32 A od A9
2 A A 5 ek d, ol A Y A BB 5 P P WSS AT ALke] @ B4 o] Fhs stk

< 4 solth

Rl
S
o
E

Key Words : 245 & (Diffusion model), Ef] %33 (Photovoltaics), A] &7+l 2 (Market potential), 7] 3 <] 2} #]| (Local
government), ©] 7 A 2] (Setback distances)

T Corresponding author, E-mail: smin062 1 @keei.re.kr
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Development of Integrated Analysis Platform for Future Power Grid

olsg*, MSE* o|4E*
Seoung—Ryul Lee*', Dong—Joon Shin*, Sang—Ho Lee*
7 AT AT A2

Abstract : U] HEAARS A AYHE ghAhFy 58 A4S g S A AE Holstn
UTH 2050 SHAFH HRE D7) Yo AR ES AAALY A=4 =i A 5 3hA A
T AL wE A S APstar glom, ol gg XA Mg wsts A deE A
T AEY L 2o A = AE A FIL )

2 = 2050 S-S S A A AL S Akl 95 e 8 E = T A
EREZY NS APt o] 7|2 o] =AYy B4 = 9 A Ag =Ao) i
W& A sttt

e Ay 53 24 EAFY MR 72 E olF e RE2 AYY 4 HER Fold A UL
of tief] AT AR EE A5 o2 £ A5 E&8f =t} o] REZ 7|Nte & vl HEt
of thaf AFEAF AR E L AL P AU 5 AET i 443 EAY 4, EAAS, &
A 4 55 Atstal A53td 4 RS Tl A AEE o= A & &4
EHEE st ot

A mgof 71uksto] /Eel & WA EA4 = goloj= AR AlS = ot AR A F
840 g& AA ALY EAS fsto] A3 ELgS AddA A vt T 4= Sl
A EFE HREE ALE S A3gS5olnh

20 Ay FF 4 FRELS 720 o2 5A4E Ad ohE Aol fAbE o] Al =
+9E v g AYY Aol df-gsto] A LS FAlo HAS AL = = =
228" 5 & Aol

Key Words : B4~ 33 7 & "(Carbon neutral power system), % 2 W B4 Z 21 Z(Power grid analysis platform), %1
4 A

| 8 = L(Power system planning tool), A 2 A| A 8] & 2 (Power system resilience), T} A & &

T Corresponding author, E-mail: srlee@keri.re.kr
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| _BEsO-1_J
oo ofuiz] £H[QS Bt WHE AT
Development of a Methodology for Evaluating the Energy
Consumption Performance of Daycare Centers
SRS, mxier

Jinhyung Park*, Jaewan Joe*
#ol st et u AnlEA|E]g5a}

Abstract : 2 7= of o] ol A1 9] o 1] 4] 40| %5-S BALBL7] e MR Y E ]
oS3 Aot A A0 R G EE WA of U 2] AL§EHEUD A Ei AR A &
o B Al WIS A ok AT AT 9o, 2 HepE AHE wEA o] A4
317] g8, 2 Al ARl Beld SHABAA), T Y 2A@FA, A2 29 54
(B4, 12l 3 AgA] Y5 @ NS T AU H Bk A EE AL o
WESAch dlol8 24 AN A RE AFstol, Axel W &4 LA F) FFoHE U o
o[BS THFHAUTh o ¥, AUFERL /| EOE VB FASL 2 /WS 2 g5tel, 7 2
of dlole] S4& LA o Hloe EHL o R 87 mAS Astgon], o my
2 o) o SE oLl A ALGFS A G vl W A3, B R gho] 0.7 vheht, male] 954

o
1ok

Qg 4 gk

Key Words : o] 2 o] %] (Daycare Centers), w7 3}(Clustering), 53-8 ©] €] ¢17|(Linked Open Data(LOD)), ] 29 (Regression
model), 3} €l (Behavioral factors)

T Corresponding author, E-mail: jjoe@inha.ac.kr
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VRF A28 Auj7] $U2E AAd wE
oz AgE %7

Evaluation on Cooling Energy Usage of VRF System
with Various Evaporating Set Point Temperatures

ZIAb mopgl*, Aols* my=*

San Jin*, Ahmin Jang*, Minho Kim*, Sung Lok Do**'
g e L AR EP S %) Bk NS 1 e o R S 6 el )

Abstract : AA| A2 0.2 FA3 7| THBLE 2|57 98] 228 o AR = gerash-A7| 5=
ol A 9431 VRF(Variable Refrigerant Flow) A] 28] & -0 A4o) 1l 7] 328 A &of A2 &1l Q)
VRF A 2812 T of A €] 7]of th=2] A7) S Yoo 2 dAdste] A Fotof uhal Yol &
29 Ao]ste 5| EF T A A" o|th VRF A|AEL 7 A 7|2 7E A o2 Ao]sto] Al Ha}
HEol S2H4Ql ofg-o] 7hs st W§-dro] F Aol 7Hedt7] wfZofl thekdt 8o F3tol thgt
A}QZH QFE FIAE 4 vk A Z=th VREAIAH S AR 33 B S Faff Yol f
A E 4719 3 HeE Aoz Ao FEEEE §A|3th VRF A AF o] B
& ok Al A 8 AL, %‘%%E%VRF Al 2] o] o | 2] Abg-ggoll WS S v A=
oty deuf YRtA o s FHeEE DA H o] EAEI glon], VRF AAH 9] o u2] 452
FFA 7171 e A AW Fopol] 4§k S Aot ﬂﬁoh‘% ool $FA, FH- =29} oY
A ARGEES] HR A of] gk A o] AP E|ofof ghrh whebA E A= S o] THE VRF Al A
& 9] o Y 2] AHEFE BT o & S8l old A AlE g o] A & <1 EnergyPlusE ©]-8-38}o] 4]
&, VRF Al 26 mdlg] gl o |y 2] Alggo] g =353l gﬂi, AlEHolH AatE 7|vte &2
9Fe-teof w2 VRF Al A H) o | 2] Abg-22  7}ksh gl

o

Ak
[

el
o fo

[

o[X oo o,

Key Words : VRF A]| 2 Bl(VRF system), 52 I (Evaporating temperature), ol U 2] A}-8-2F(Energy usage), ol U A]
A} & o] 4 (Energy simulation)

TCorresponding author, E-mail: sunglokdo@hanbat.ac.kr
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Random Forests (RF) 7]8l 7|48 RS
PMV o= 45 %7}

O
e

Implementation of Random Forests (RF)-Based Data-Driven Model
for Building Predictive Mean Vote (PMV) Forecasting

* O = * * % =% Ox= =% *T
O|YF* U2E* ZUY™, NIR* 8FF* Us+

’

[}
Seongju Lee*, Eun Ho Kang Minsung Kim** You nghun Seo*,

, Dongsu Kim*'

rbadsha A% ek, ekl sh Haget

Abstract : A Zo| YA A& o F-3F=2 QI = & ol | A ¥ 2] Al 27 (Building Energy Management System, BEMS) ] ]
£-o] ghf| =3 itk BEMSE= &9 AW 1 oY x| ARS-FS Ao R St S E gloe & g e g 1]
SoUAAN AR P& HA G oto] oA A&E FHAI7IAL D HES AT & 3= 7I=olth BEMSE A&
sho] A A QA g oA a9 HHL AW I A& A A AR Eok«] A3 &0 Hasirt O]
£ 918l theFE HVAC Al o] 7] 0] 149“51 I §leom, HLHVAC Al A" 2 A3 A A (PMV) A 5 AARE 1 =3HE
W Alo] 7)&o] FEREAL QIth PMV 7]4E A& Alo) = AXN TR W (2%, 4, 7] 7, B AR T, 2HojR, &
5 aelsto] QA A Y-S destal, FehE AR E B sA AT Y- I A2 =5 A%t 9
o A Pt EAL 2 of] thgt o] B 32 =7FA Q) S5 H] o) DX & o = dol ¥ 7 o] thE W ol v 3|
o] glou, thRE 1171 HuE & 3} | W Eoll AghE B 204 AE S 75_10“5“3} upebA] A 2| &7
@ 2 A 3} A o] = MRTE @A ol A a8 o 2 o S8 4= Gl W o] —rﬁ 7]olt}. o] & I8l theFet M4l
2] d (Machine Learning) .9 7} o1eﬂtﬂz,\_§ o w}g} MRT o] Zof] 33+ W A7 Mai = ik 12t AR 33 A
AEH o7 Ag5}7] Yelixl= o] A d] theket FEj Y] AL} ol E R4l @ tHETh whebA] 2 &= Random Forest
(RF) 7] HE 7] A Sk R dlS g-2-5)o] Al 3 i E A2 & (Mean Radiation Temperature, ©] 5} MRT)%} 2+ PMV(Predicted Mean
Vote, PMV)gt-& dl &3 4= Qe RS L5t Al EY oA A S tlolE & vl o 2 o & Jed & A58k
MRTS} PMV o] & w2 El2 *l?z_reﬂo]"qd—} A5 HolH & 7IRte 2 /g on), MRT o & 2E2 Ay F7tof theh ¥
AEot S W R 7PYSEAL 755Gk PMV o 5 el Aufoll A S8 g2 ot S ES 48
3}3, 9bA] o =3F MRT 312 Qg sto] male %L?o}@‘t} S5 Met) 2 2] FH(Clo)-> UREA /1AM A 3 7HS 7}24
shal LA H %ko 2 E“‘ S FEUCH AW F59 4 YWREEH g Hgo] & fpolng ASH F&H o HE
FAA Q] S o] &5t LS A8t EH'Oﬂ Hrg stk A HE o of &4 2t} *]gﬂﬂol"q/“ztﬂol‘ﬂ
= H]Iﬂ_}?g;} MRT5L}PMV74401] 3k 5 A 4= 20% o] 3t AR A == 0.8 0] S 2 LEht Alo] dareEo) &
7he/d & glst it whebA dE R d 3 S Soll 40| oS PMV 225 -3 Alo] &) 48T 31%%
shelstglon, 9 mag o] §-5ko] =5 Ao A= HVAC Al o] A| 2] 8] At OﬂLﬂX] A ;A Y FdS B
o g o]t

g
i
thrEru
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= 1% do ) off
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Key Words : ™ 4l 2] (Machine learning), & )] 2] 4J (Thermal Comfort), PMV(Predicted Mean Vote), MRT (Mean Radiation Temperature), of] 2
Al &3 o] A (Predictive Simulation)
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Development of Setpoint Trajectory Prediction Model through
Machine Learning

e, =

Kwangwon Choi*, Jaewan Joe*'

“Qlteiat AvkEAl e Fokat

Abstract 1 14| 750l 4 ©] 97|k ol 2 4 o] (MPC) 78 & A% mu e, A4 7k 2 25, HVAC 4]
slah 24 Alof Areto] AN AA 50 AT WX Lol u] o] Amsth npeb 2 AT

-,

_xﬂ, ™ o

AN A e Akt R A AE BESHE WS mAastnd Bk o 5 9,
1A ko] AW Y S o 5 mEle 5k 2 A7 342 o 2k WA A
A 7] SR 0l E 2 SHsfol 4ROl 54 SHL Whe eybox RL AT,
725 grey-box WS 7| 8EO 2 MPC A Be o] A& 4 heh. o 3, AALH W 9)7] L Blo|H &
Fgotol, AR o) HS Tl E2 0 A7 ow ZERde oS5t 74 5E B2
AR MPC A B0 1 ATobe] vl 9 B4 Bo)  ATOIA AR me] of 345 S
AEshgon, 25 A4 AR 4 85te] A5 o Folct.

o
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Key Words : 3] &3l (Regression model), 7] Al 3+<5(Machine learning), 18] ©] BF A & 2l(Grey-box model), L& 7]
v} of = A|| o] (Model-based predictive control), 4 % &&= A 7| & (Setpoint temperature schedule)
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Sustainable Building Energy Management Through Digital
Transformation: A Case Study of Digital Campus Development at
Korea Institute of Energy Research

F5hs*, BHYS*, O|ME* NEHE* AES*
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*

Haneul Choi*, Gwangwoo Han*, Sungjin Lee*,

Byeongmo Seo*, Jonghun Kim*'
¥t x| 7] AT ol YA ICTA

Abstract : 2| W7 G HFATE HAE dgS F3 @daFH S-S Ty e
EAT A AR B2l A HAE e FadEs = °l°ﬂ ek, ol v A7l e d
A& —‘T'—E’_‘A A Z&S Fdshsta fAd 24 7|uke) AE oy 2| e A 21 el

SskaL 9k AT FFoldA7IEd+d il o 58 YA E Hu o 35 A E
Eavicine EWE* Ao ae A I e Lol A2 =dEder, &5 g ool

TS5 A2 Al DAR o] R R th: A, A, 7h, U A AS-FAl BHIE A sk, HET

AN A BA 28T SA4& e st Ak S 4, Alf AS diolH et 71E dlolH(du o &7, 4

v &Q 5)E st tolHHo|AE F55] dE 29 28T = 14 BEE AU A

Al, A=t TB:] &7 & 3D LA TSk, o A e Al A® ARl AR Gt M AlA B

FRleS TAT RZE A E H‘*%q FF UAE A 2o M = EH = HolHE &85

HEE A BUHY, 1 A de de A A2 A Y ER A NEE Al ol v ot

7h e A A flol A& Ae A % < 7Fe st sk 7lE & N okl S
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Key Words : A E-of 4 X] 2] A] 2 &l (Building energy management system), 71 & A}'5 3} A] 2~ Bl (Building automation
system), T] | & E ¢(Digital twin), & o] X| & & (Building energy efficiency)
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Comparative Energy Performance Evaluation of Data Centers using
Economizer at Various Regions

SMIE*, AR
Se Hyeon Ham*, Yongchan Kim**'

REUA b o A b el S TS S L e e

Abstract : The need of data centers is increasing exponentially, and their power demand is increasing
significantly owing to its important role in data processing and storage. Recently, the free cooling method
through an economizer has been used to reduce power consumption in data centers. However, studies on
achieving high energy efficiency and reducing power consumption for data center operations are limited.
Moreover, owing to the weather-dependent nature of the free cooling methods, a regional analysis is essential.
The objective of this study is to compare and optimize the free cooling method for the data centers using an
economizer according to the region. TRNSYS was used to model data center systems. Two types of
economizers including air-side economizer (ASE) and water-source economizer (WSE) systems were modeled
with three weather data sets including Ottawa, Seoul, and Cairo. As a result, at a server room temperature of 27
°C, the power usage effectiveness (PUE) was 0.11 lower in the WSE than that in the ASE. However, the lower
the room temperature, the greater the decrease in the PUE of the WSE. In Ottawa, the ASE had an advantage
owing to low temperature. However, in Cairo, theWSE had an advantage owing to high temperature and dry air.

Key Words : ©| ©] E] Al E] (Data center), ©] 3 =1} 0] *](Economizer), 3= 2] & & (Free cooling), E 2 A| 2~(Trnsys)
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Research for Developing Facility and Energy Harvesting Technologies
for Manned Space Habitation
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Seheon Kim**, Taeyeon Kim**, Sang—Hwan Park**
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Key Words : -9-3=7] X](Space habitation), 37| Z= 3} Air conditioning), Z & 5-5}(Building thermal load), of| ] X] 5} H|
2~¥J (Energy harvesting),
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Study of Data Inputation Methodology for Digital Twin of
Land-based Fish Farm

TR AR, Z4H*, 2M6*, 2R, s

Jabin Goo*, Jiwon Kim** Suhyun Cho*, Sunhye Mun*,

Sengkyoun Jo***, Younghoon Kwak*"

AL A5t S AR S EA Tt Y
RSN ATY FEAYPAA AT AL

Abstract 1 2] 452 91 4-4HE 40.9] Z7he} 7| SR 1ok Afle] T2, OfA o] 8} )
TS QAT A2 2R o] of 282 oF 71 5k3 Uk o] 7 A9 o oo = 4 ICTe}
AW EY 74 TG A0LE FAL OA™ o] M FAFES LEH I AR P4}
dole L Alof A5 Eol chapat AR o4 B4 o S SO A 29 % Aldke] 9o
8% FHol bssteh A d EUL 9@ dlolg 15 A8 2 T Qo] HFL AT 3
A aQlo doleel FAL ARl H nale] o2 HEut Aloje] ey Aol AHAA FaFS
u] Ak apebd], EaHAQ) O A" BN A§2 ASAL 12 KRGOl FEHE AN B
71719 w5 ate} thaa Al 29 B0 Qs AT e A=AE A5t B4 5 9
LW E nle] Baaolth SN w S P Y SAH 25 el PR v AS v
o ¥k A mlu|gk Aotk wreba] 2 Ao i Wakol S FAISHE STkel T4 SAFFA
S o m AR )78 oA AHgF S o8B s, A5G B oA ZT 2
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A2g A ABES vl L BAS 2 A7 A0S B GG O AE EY 2 gof
glof dlole] £ 2R 2 9% A5 He] YW E AEo) BEH 5 et

Key Words : 2-4}9F 2] %}(Land-based fish farm), <=3} 7} 4] (Recircuating Aquaculture system), t] x| & E ¢l (Digital
twin), 2 =%} tj] X](Data imputation), &) ©] €] 7] 1} X @l (data-driven model)
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Establishing a Baseline for Heat Pump System Efficiency Metrics
in the Central Asian Dry Climate Region

E(I)J_)'\_* K K| ¥+ |:_|||.Ho=|_g**’f
Insoo Oh*, Jinkyun Cho**, Beungyong Park**'

ST sha AR Fatat, F et e ek

Abstract : 7 MI = AR5 $-2 8] 7] A, 91, o} hef ol Akel ook 9l EA o] H7
M= = A Ay A 4n]7] 7] 9] B F7bof whg oy A] ARgFo] S7FE AL ek & 5ol
At FegolAlot AZ71F AN AEHE BEALH 5 SEHLTA2GE o F
Fof st agA R AAE FH o= gt

AF AART ALEA T AL HE WS S EHZA AT /)& 2 2A4E AT,
Bepd, Qs Q=Y Alof, WA &, Fole]7t 5 of 2] w7toll Al @A A3 591 2 A o | A] &
& 7| & (MEPS: Minimum Energy Performance Standard)2- 3.00~3.20 W/W=Z ZAFE] 91t}

SO 163580] W= E 7| % JFof & S| EHZY ADE YA E A=t =S AA =L QL
T} Lt FoFobAlof 490 7] 5 B A S ok ERA A Ao & ATA R 575 H o] o
ANSI/ASHRAE Standard 169¢] uf2 ™ -Z=H|7] 2 E-2 Group 1(warm-dry), Group 3*(mixed-dry) 7] %
53t 5o Qo =ASe} A F U =7t =2 Tashkent, Samarqand, Bukhara, Fergana, Namangan,
Andijon 67}] T=A] o] Th3t Energy-plus <= 714 glo] B #4253l Y7ol A &njas Ab=
TAE vt LAL Fheh A A o2 E A T4 olE &A1& Fo Wio]l Tast orjex
T W A 7hE BAteto] Wi Fa AIZE BlES AR ok WA A 4] 5 Al 5=(CSPF) 4HE = 9]
3 712 AR 2 vhst

AAFAE OISO 5151 EFA DS ol AbEE ds o, v A g dlol 8 & o] &3l 67 =A] 9
W o) SR 9 W W WAl AT 2THE o) g AREASASE ABSI 42 AT}
CSPF 3.58(-)= 59 W& 5 CSPF 3.50(-) =0 ™, QI A|oko] 49 7]& 4<l CSPF
3.05(-) ot =2 ol
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Key Words : ]| 4| X] & &(Energy Efficiency), 3] E 3 3 A] A 8] (Heat pump systems), o} 0] o] 2~ 2 5151(ISO 5151), o]
U X A W] & -8 7] & (Energy performance standards), ¥ %5 2 (Cooling loads)
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Performance Analysis of Machine Learning-based Control-oriented
Building Models to Implement Model Predictive Control

EfZioHe*, Zmxjet
Abu Talib*, Jaewan Joe*'

*Qls}e st 20k A e F ot

Abstract : Model-based predictive control (MPC) strategy for heating, ventilation, and air-conditioning systems
presents an opportunity to solve building energy related issues. Such an approach relies on the development of a
model (e.g., white-box, black-box, and grey-box model) to precisely forecast building thermal dynamics and
make control-related decisions. Building energy simulation tools, such as EnergyPlus and TRNSYS have been
developed to simplify the physics based modeling process. However, model calibration is time-consuming
because of required parameters, making them unsuitable for MPC studies. The grey box model structure is
adopted due to its accuracy and simplicity. However, developing such models requires a physical model,
bounds, and initial parameter values based on building descriptions such as geometry and materials and an
identification algorithm to estimate those parameters. Hence technical expertise, engineering knowledge, and
time is required. On the other hand, machine learning-based building models are garnering attention because of
their low engineering cost, computation time, and construction effort requirements. This study presents a
comparative analysis of various machine learning models such as multilayer perceptron, long-short term
memory, gauss process regression, decision tree, support vector regression, and transformer, for multistep ahead
prediction of building thermal dynamics. Actual data from a flexible research platform in Oak Ridge National
Lab (US) are employed for estimation and validation purposes. The results highlight the feasibility of using
machine learning models, particularly identifying which model best predicts thermal dynamics for MPC studies.

Key Words : A& o] X] 2@ (Building Energy model), Gauss process regression, Support vector regression, 417 -
(Neural network), 2JAFA A UE (Decision tree), Model-based predictive control, '8 E] A 8] o 2 (Multi-step ahead

prediction)
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Development of Urban-scaled Database for Building Shading and
Incident Solar Radiation Using GIS and EnergyPlus Simulation

0|&&*
DongHyuk Yi*'
At 7] A F Y ol A 7] 714 E

Abstract : 27 ®h2 59 @ A Ro| Y| AZo] B EHo] ufet 4wl AE o Ux Brt Fa
AL AL, AE UK Bho] AP S A B AA A uo} v Eo] A% 1k 7|5eHA A
SAgol] ofFt 29 HS Me T Bast ek AT A AE LA Bkel A oA AE 0|4
aQlo] Bt o2 Ak =0 EE 9K gon), ok 2 A% AW E B7om YA
zlo] ufet el g AutE A dBo] AT 4 9l EHh ol ot B A, B AT A X
2R A 28] (GIS)T A oY %] 54 Al o] A (EnergyPlus)E 1A|5te] & Fatol ojat of
YA A5Fet A LS Awst] 95 70 o] Hulo] AS TE S 34 & thEa A} Bk GISE §
AARE )R 3 w4 EolE =, B QoA WATARA AT mrw 2o AR
2 %2 6 o] € W] o] 7} 25| 91T, EnergyPlusi= 9174 7129] L mefato] 7129 o)u] 49 o
AR HlolE B AT A% A A% Erea B8 E AT A TR o2y A
SA 257} T2 AR sho] B &A/AA} HlolE o] A7 FEE G, FF ATAEA
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Key Words : ©| o] E] H] o] 2~(Database), X| 2] & . A| 2~ 8l (Geographic information system), | ] ] & 2] 2~(EneregyPlus),
Al @] A& o] A (Urban-scaled simulation), 7 & 7F AF & 2F-8-(Interaction between buildings)
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Building Energy Efficiency using the Application of Digital
Twin-based BEMS

SREI* K| @A pl

Jaemin Hwang*, Jiwon Kim**, Sungmin Yoon***'
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Abstract : AE o1 ] &-83}E ¢ 3} Building Energy Management System(BEMS) A] 28] 2] -8-0] 3
Ha JANE Tt By E 9w S do] FAEA A Y] AR AL BE Y
SF A A Q1 B of = oA gHA| 7F &gt gh, Y A1 e E ¢(Digital Twin, DT)-2 A A A=
AR Abo] o] Hlo|E 9} 2 H 5 O] AT AGof it A o2 Slhe] AAE AL ik whebA, 2
Aol A= HAE EA 7|8Ee dEo v AT A A" AQtstara) gkt A E EA 7d S 7|
< BEMSof| A%slH, 524 dEdt A8 7H 24 719] 714 & o] 7heshA . 7R
g2 EFDANA Y HFHES] E 4 AsS HASE: k8 Rd & Fojun, o] = AA A
oA A2 HolHe AEY 24 A 7 e R AEoUAags A RE ATT 5 3
o} o] & fl3l], & A-toll A AlQtsh= A" E 7|5k AE o x| e] A| A 5(DT-BEMS)2 T 4]
g EAY /M REE 7R S & Sl 3 A A 3(PMV) 7HEALA, o A sub-metering 71 Al A, ZLe]
11 Holistic Operational Signature(HOS) 4% 0 2 LA = Th PMV 7HAMAL A & S8 A Y] 2 H ol A
SAH 252 A TG Y PMVE Hoju iz, of| 1 A] sub-metering 7} Al A& 53l @i o U A]
AHE S 2 SR Bt 7N E A Esl 42 HlolE o ol YA A& &A1 ¢l HOS
-G, A= Av A A e S F-33tsto] = B A oA AR S A 5 9L
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Key Words : U | & E 9(Digital twin), A& o] A &2 A A2”(BEMS), AE oA #A-&3HBuilding energy
efficiency), & ©f| 1 ] & h(Building energy diagnosis), 7}4+All 4] (Virtual sensor)
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A Study on the Urban Carbon Neutrality Evaluation Method
by Estimating Energy Loss in Residential Buildings

o
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. Suin Moon*, Jiwon Oh*, Morang Huh*, Jaiho Oh*'
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Abstract : A7} | E 0] B RE-S A sH oA Hopol A 14 e At AE oy
S pohs AL Bh UL oLt Faskth A8 ofu £AL he o, 3F 5 by
#9100 ol Bl A LS o ol 4 3 avel of ek 304
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A& Fs7] o, 71E FA A A 712 whE AR 4 W v aste] o F et 23S
A& 5 Utk webA o] it A Ao douA] EAFE FASAY A& AuA BEE
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Key Words : B4 3 (Carbon Neutrality), 7= o] U] X| (Building Energy), & <4 3+2](Heat loss mangement), A A]
Zk(Real-time), 221} E ¥ o (Smart Building)

T Corresponding author, E-mail: jjho2023@gmail.com

BT g Re] A2 X ol SR A4 29 A FAA B BTN 2L L] AL
=3 A= 954tk (2022003570008)

«77



20244 SEREfAO|L XS] F=AISEELUEINS((2024.4.17.~2024.4.19.)

| ze8-03
Aol A GEEA 2T 9A D-AZ 7] FE 7]

s AFEA

C:

Demonstration Energy Performance Analysis of Net-Zero Energy
House with Renewable Energy Hybrid Systems
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Abstract : 2 61720 A %= PV, PVT, §7] 99 S| E B Z X 28 0] 2§80 A% Aol 89 7
§A2E A B4 W oUX A% B7HE ARstaT BN 2 FHGE TR A4

3 AR 1663m', A5 A 113.5m' 0] 25 = o=, g 2E 6.0kWpeh Bjofg/d &
(015} PVT) 1.4kWp, B7]1 291 6| 3 = okwr} 145 ick Zejo] 253 92 mUE A 289
18 714 A% golE S BAS A, Azk e A2 A8 8303kWh, PV 3 PVT] Wl ke
8,416kWh= o]\ X| A} 3 &(Energy independence rate)-> 1.012 LU EMGTH T8 A HA &5 5 F7|E
d S EHZY} 3,897kWhE 7H4 E9row Z#1 R317) 2,628kWh, o o] Z(Air conditional)©]
S0KWh <02 LHERITE 3 5] S 300] K gL S4T6Wh, WY COPL 27, 351
2k 2 1240kWh, 2B COP: 2292 tfHHEO] J|ERE 722 YulZ 207 Q4L o Wil
COP7} ¥ COPX.T} 7| LUEFSETE.
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Key Words : 2-7] 2 ¢ 3| EH Z(Air source heat pump), ©f | XX} & (Energy independence rate), Ay of 1 A]
(Renewable energy), A 2 of| Y Z| (Zero energy), 5| E 3 3 A] A A 4=(Coefficient of performance)
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Development of a Prediction Model to Evaluate Temperature
Behaviors and Power Generation Performance for Roof-type Slope
BIPV

=1% = % * = %7
LYY, Y25, Ys4*, 858

Kwanghyun Song*, Eunho Kang*, Dongsu Kim*, Jongho Yoon*'
e i Lo GG ot

Abstract : AE A3 g o P%j(Bulldmg Integrated Photovoltaic, ©] &} BIPV) A| A H] & 2 - Ak<=0]|

e} kg ro] ASkE v, B8] 253 BIPV A A89] 7%, Seluet YA S 450 olah
H/d5 9 Moo B At O]EW} o] -2 A5@ BIPV A ARG QP A 0 &2 285111 Q5=
5S4 48] A sH7] Q8 A= BIPVE] 2 = 54 & AP o | & 5to] a1 gt “éPJP At whaEbA
BIPV A|AH 9] 2= E4] Alefjof] tfgt o] & 79| 7ido] a3, 53] BIPV U EH g A A o
47 A go] M5t ER W AR AS R 7oA ehe Ak )3 me] Ao] @ a sttt
o]of E o] u| = Sandia Laboj] 4] 7J|2F % Sandia Module Temperature Model ¥} PVWattsE 7| HH o &2
A2do]E| % Satol A7 BIPV A 280 £ 8 $H of 2 RS sl AL BHo
2 3lt}. o] 2 98 A 23 BIPV &S 283} full scale mock-upS 1335+ o 7 A2 H HE9
Sl 27] 2o e A3 AgS Aaeldth o ¢ A3 ARG B S UH LE WAL S o
oo 7]Rtsto] 2k mEo] 28 wiZfHPE SO S H A o] Alg ég a53s
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Key Words : A& A A& ] %7 A] 2l (Building integrated photovoltaic system), Z]5-& BIPV(Roof-type BIPV), €} %%
HE 2% EA(PV module temperature characteristic), 2F4 of] = X @l(Power generation prediction model)
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Analysis of the Applicability of Green Wall and Green Roof for
Commercial Buildings to Various Climatic Conditions in South Korea

O| M| EI*, AlDixy**f
Semin Lee*, Minjae Shin**'
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Abstract : 20209 57| 7| % CHEFRI o A AR ] HE oA 2u] S FA AH o U] 4] Au]eFo]
20%% AFAISHIL Qleh. o] H gt AR F O] ol | A &M S A sk U&= YA axH|E HIS
Lt} oF3t W = Green WallZ} Green RoofS 71 o) 4 £8}= v o] 9] t}. Green WallZ} Green Roof
E 08 d3FEL BA v okl 7] 3 2 A of| A] Green WallZ} Green RoofE Z|-8-31 92 u] A S
Q= o q A A7+t o] ® Green Wallz} Green RoofS 2831912 wff 7H4 & 112 ¢l o | x| A7+
A 4= A=A ol el A= A2 Holoh & Ao A= Green WallZ} Green Roof2] -84 7
£ 98l gt=o] SRAY I FHEAY 2Ea BERAYO R VT2 AE Yk, Y-S dE
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Key Words : Green wall, Green roof, 7] % % 71 (Climatic conditions), of| | X] & 2] 2~(Energyplus)
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A Study on the Performance Improvement of the Solar Thermal
Energy Assisted Geothermal Heat Pump System

XIS
Jihyun Hwang*"
g Holllotol

Abstract : Solar heat and geothermal heat are new and renewable energy sources that can significantly
contribute to achieving zero-energy building mandates and reducing energy consumption in the building sector.
In the case of the geothermal heat pump system, there is a problem in that the heating performance is
deteriorated due to the drop in the underground temperature due to the imbalance of heating and cooling loads in
domestic climatic conditions. The purpose of this study is to improve the long-term performance degradation of
the geothermal heat pump system due to the imbalance in the cooling and heating load in Korea. To improve the
primary side performance of the geothermal heat source heat pump through the solar heat source, we will
examine the design plan of the solar heat source and geothermal heat source combined cooling and heating
system. Also, It is can reduce the power consumption of the geothermal heat exchanger and the circulation
pump of the underground heat exchanger. An empirical experiment was conducted on a medium-sized office
building to evaluate the performance of the solar and geothermal heat and cooling system. As a result, the
primary side performance improvement effect of the geothermal heat pump through the solar heat source was
confirmed. In addition, it was tested that the power consumption of the geothermal heat pump could be reduced
by about 20% by operating the solar heat source and the geothermal source.

Key Words : ]oFEd 9 2| € Y E¢ Pt A A8l (Solar assisted ground coupled heat pump), -3} S+ (Load
imbalance), 45 &4} (Performance improvement)
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Analysis of Energy Requirement Impact by Target Elements
in Green Remodeling Buildings

Qotel, z|gzI*

Ain Yoo*, Youngijin Choi*'
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Key Words : 19 2] 22 & &) (Green remodeling), of| 4 | 4~ Q ZF(Energy requirements), of| U x| A| & | ©] A (Energy

simulation), 2 7} 2~(Greenhouse gases)
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Investigation of Front-view Design and Power Generation for
Building-integrated Photovoltaic Installations Based on Practical
Architecture Drawings: Focused on Domestic High-rise Apartments
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Minjoo Choi*, Hyomun Lee*, Dongsu Kim*', Jongho Yoon*
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Abstract : 35580 A 2o 1 2 715 o] .8} 27] 2o e} 2003 R E] AR 4] A%E A5 9
5} o %o F5 2ol EEglTh BE AU A el v Od%?ﬂ(lm)ﬂ%%
U:]X-lo] Zlo} 2

*J% e e FF L AA AN C 2= A 2oY R S-S 9T AHHE gHH o o] 7
) Zﬂioﬂﬂﬂﬁrg 25t7] YleiAle &4 B ﬂoﬂ F7FA Q1 Al A ol
eﬁﬂ‘:’%, AT 71 5 StHE QHH A YA e FFLHA A (BIPV)S A<t
S SIT} B8 MEe] 5840 2 BIVE A9517] oot S8 glulof o 240l 4
1wl 54 Aaholl 7] 25t efopurAl A 28] 21§ woto] Aek4 o % W astc. ujel
A wAaTE T FEREO £ S 2AGHD, 2AR AUE R oo BIPY QIE 4
238 30 77 TS QAR o w Y XA AN BE
24 22 WA o] FE o ¢ eh(S0nr o|5hek 2 WA o] -2 o T RS0 o]
R AU PN AT AP A
£ 2 S5 5120 53 214 29 3 271 50 Y A SR8 6l W
0], BIPV A7) 715 el A Eatic. e E e el o A
o = 26me, 37, 46m?0] 11 FHoF -TO'—E 4 o] 3 At = 552, 74, 84m? AL O =2 Z 0”%1:]-
2| 34d 5t KS IS PV & < 5ol Yol 282 271 7] 9] BIPV 2&5S A A 5H
oof, 7H o Ao o] HAT S A S WAL E B

[¢)

m{ru
1m o

e A e

p

o HE

’G

(en)

_OIL
2
2
. FIN
o
3, B
a
N
o
.( Mo
n: H1
ﬂHN'
ok
EEL

%0, _IZ:

Key Words : Zﬂioﬂ U x| A =& (Zero energy building), 355 B (High-rise apartment), ¢ H &= (Front-view design),
A& e 933 A] 2 8l (Building-integrated photovoltaic), %] ZF(Power generation)
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Evaluation of Cooling Energy Consumption and Operational
Environment of Data Center IT Equipment Based on Economizer
Control

Forgl*, ZAK Zols* mMgE*
Ahmin Jang*, San Jin*, Minho Kim*, Sung Lok Do**'
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Key Words : | ©] E] Al E] (Data center), IT ZH](IT equipment), ¥ A] 2 8l(Cooling system), ©] I =u}o] & (Econo-
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Prediction of Primary Energy Savings Following Green Remodeling
of Nationwide Buildings on Big Data

MREXT A* xaT|* SEI*, BoF*, BEE
Younijin Seok*'. Yong Kim*, Soongi Choe*, Seul—Ki Han*,
Yejin Hong*, Doohwa Hong*
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Research on VVVF Variable Flow Control Geothermal Heating and
Cooling System that Can Improve System COP, Reduce Noise, and
iNcrease Circulation Pump Lifespan
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Effects of Cooling System According to
Varying Economizer Limit Set-point
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Virtual Sensor-based Monitoring of Indoor Thermal Environment:
A Novel Approach
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Experimental Study on the Dehumidification Performance of a
Window-type Liquid Desiccant Ventilation System
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Investigation on Ventilation Performance of Existing Ventilation
Systems through Long-term Indoor Air Quality Monitoring

in Residential Buildings
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Abstract :
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£2 74517 ook, BERE AL £
QLA A = I A Y 2 B E o
= Ao Sl 2 7o) Aot A el U A 9
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Key Words : A U]-& 7] & (Indoor air quality), 7] A] 2~ &l (Ventilation systems), ©]AF&}Ek 4~ (Carbon dioxide, COs), %+
7] X Y E] & (Long-term monitoring), 5= 7] 7 E-(Residential buildings)
Key Words : hkshin@kcl.re.kr
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Simulation Study on the Optimization of Low-temperature Radiant
Floor Heating Systems for Low-energy Apartments
TEE*, MRAP, ol

Xinwen Zhang*, Rosa Seo**, Kyunam Rhee
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Key Words : B} 52 A}HHE(Radiant floor heating), €] 7] 2. A} A o] (Outdoor temperature reset control), & 7| %} (Thermal
comfort), WH}-of| 4 ] (Heating energy), TRNOPT A] & & o] 4 (TRNOPT simulation)
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A% A4Z dolg Axd AL 2 4

Development and Application of Occupant Behavior Data Hub

0|58, o|&*
Jongwon Lee*’. Seungeon Lee*
A7 s AT AU A A4

Abstract : 2 A= Au|&-FAdA - FAA o2 A5 R, AYE7H A 5(Indoor Environmental
Quality, ©] 3} IEQ), | Al <} Y eff Hlo] B 9] =3 & £S5 7fAst7] sl A=} dlolE &8 S
o AR e W WAL Abah AAR BE el A% A5 Bobshz glo] 917 74t Al

Kol 28 U AE 7148 Hgstol BQ Hlol 89 B714 0 2 AN HEEA 34 BAS §
o18HA ek FUFE A4 ) BLLAE B AL S A A Fa A o el

8] GIS 7+ o B & E e [EQ A% 2 WX uta S 918 A% A o] ob, I
WA, B A, 2 W £E B YRl e £ [ G4S T, EoE S Q8 AL
4 ARG AAH O AR, 3, = g1hA o) 31 A ¥ ) IEQ B 7
A AT IS AT a4 H7HE 913t do]

__4

Key Words : A A 2} 8 €} (Occupant  behavior), W37 A% (Indoor Environmental Quality), $]*| 7|54
(Location-based survey), 7&-7 E.(Building information), =% ¥ (Zone information), Z] 2] % B A] A #
(GIS)

TCorresponding author, E-mail: jongwonlee@kict.re.kr
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| BEE--2
HoleE A7} Adho| =g 4 A7 mA= 4%

Evaluating the Impact of Wearable Cooling Devices
on Heart Rate Variability and Woman’s Health

Atefeh Tamaskani Esfehankalateh™, olxpar*t
Atefeh Tamaskani Esfehankalateh*, Jae—Han Lim*'
*o| gt At stal A& E A A AR F st}

Abstract : It is critical to comprehend how different physical activities, both high- and low-intensity, may affect
heart rate variability(HRV) in unsteady environment, particularly in light of growing industrialization and
global warming. These elements increase the risk to one's health and productivity by intensifying heat stress and
thermal discomfort. This study is to investigate how clothing types affect heart rate variability(HRV) during
physical exertion in female employees, a population that frequently experiences gender inequality and lengthy
workdays in industrial environments. This study compares the physiological reactions to fan-attached cooling
jackets(CJs) and short-sleeve shirts(SH-S) in unstable environments to investigate how these clothing items
affect heart rate variability(HRV), a vital sign of autonomic nervous system activity. The conclusions include
understanding the role of specific garment types in modulating HRV during both high and low-intensity
activities, thereby offering insights into optimizing thermal comfort and reducing heat stress among female
industrial workers. This investigation is poised to contribute valuable data towards the development of
gender-specific thermal comfort solutions, enhancing occupational health and efficiency in heat-stressed
environments.

Key Words : & AE &) A 243H(Heat Stress Mitigation), A 2] A1 & X1 E] & (Physiological Sensor Monitoring), 4] 8F
H 0] I (Heart Rate Variability), o] 4 <2 X} 7 73 (Woman Worker’s Health)

T Corresponding author, E-mail: limit0@ewha.ac.kr
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WA A| A LR (PECS) & 0|33 WH7] AL 8%
A E3 24
The Effect of Personal Environmental Control System (PECS) for
Heating on the Thermal Sensation of Occupants

Zlo|d*, zAQl* PAE= kl
a

Yikyung Kim*, Soim Ryu*, Chul Kim
ek 155 e}

Abstract : 7128 AU WS AW ] FEACZ WAISHE BAL Y] B Ay AL
A4 Aohhol Lol Aol Ae) Qe 7125 wetd, & ol i ALY AR Ao
7 7H 5 7171 (PECS)E o] §te] A AA-o) £grol wl A= AaHe EAs Aol £ B
7 Ao % AL AT o] 2 98] A A P st AEI Y ZoA 2 E AAeta AL A
ol Ui Hore 915 A4 2w S whdste] 22 18°C, 22°C2 A sheth A A4S Jrjm 3R
PECS(Neck band, Desk fan, Feet heating) S Al-&35}o] =52 o] WHl-S 2Ptk A3t A7 A 1}

T Z} PECSE AHE-S Al AL thet AEE Safl 27 A o F(ie; PMV TSV, TCV, OTA)& =
AF5aL o] & A% ol el AU L4, AU/ F, BALES o BAG 94 £A8
oot AT e S el 62 75 A A e £ BT 2B o
=2 TSV Zr& vHjnE A 3He uj PECS% AFES AL ] A O}E}"’ A% 2w Desk fan}+ Feet
heatmgO] Neck bando]] B| &} ¢] =& /A 23= Eoﬂq- PECSQ] AF8-L2 2 Al z}o] Autd ¢l vt =
Aol 7]015}e] o] = A7) 28 2910] wizf £2149] 2ol 7} k. B tho}s} PECS 717 9] 23]
upe} &840 S7he AL R AR E,

Key Words : 2437 71| Al(Improvement of thermal environment), 7]H 273 A| o] A]| A ®(PECS), W4} 7| (Heating
season), & 7}| & (Thermal comfort)
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5 7|

o] EEL NNUE AR@ETE &)Y AU FRATAG] AUL wol £yE AT
(T A H F: NRF-2022R1A2C2011667).

Ny



20244 SEREfAO|L XS] F=AISEELUEINS((2024.4.17.~2024.4.19.)

52 A F43

==

A Al HY 284
3]

A
5

gl

Effectiveness Analysis of Simultaneous Cooling and Heating System
with Solar Energy in Summer

O|M3H* O|ZI* Al
Seokhyun Lee*, Yujin Lee*, Dae Uk Shin*'
*PAY L A%ga

Abstract : 5 A] Y W= A] A =] (Simultaneous cooling and heating system, SHCs)-2 3] E 3 3 3} HH 9]
oz Lﬂtﬂ- H 0}9,]- L]— ]-_‘?'_'5‘]-5’ }]]74'5‘1— 2~ 1‘— }\]/\Eﬂo]]:]- tq-{—q—}d Lﬂ\:ﬂ-l_]— L]—tﬂ-o] E_}\]oﬂ _L]_g_
ol wi-¢ &A1 Al AE o, Wb Wb} AbRsFo] A USR] e w Hx HY
O] AR-g-o] &7t stet. gF AE ol A W Fohrt T foE o go] Afithal 7S uf, A
WAL o R A AR Lol P fohs B d7) 7] & AR s ok gtk st o5 - ©
AEo A dA s = E Foh+= %EﬂWHMPq+ﬂﬂﬂﬁﬁﬂHAENw*mﬂﬁ%S
AYAEeE kol | 2] o] AR-g-gFo] 2 of e 71719 2Eo] Wolxlth Bz A 7]7] 9 AHE-S
%ﬂ%ﬁ%ﬂwwﬂﬂié44%%eﬂﬂHﬂHLENmQMMAWJQ%ﬂﬂﬂE+W
sfjoFgtth. o] & 98 F44 4 Kkmmmmmkﬂgg%wﬁﬂﬂ%ﬁQLﬁmﬂHﬂeLm*ﬂﬁ
NEXW%W14%ﬂﬁq<EL A" HA G oA AMEEE Eol7] f1to] B FF(Solar
mmwmﬂﬂﬂﬂ%%%ﬂ¢&kPVHHO“ﬂ&QN*ﬂﬂ4gﬂtﬁ§4%¥§”4
513l ,E¢ﬂ%o1@%%w4Hm%ﬂﬂ”ﬁﬂﬁﬁﬂwm@WMmﬁﬂﬁﬂig%&ﬁ
‘4%E%ﬂHL@Eéﬂ“@ﬂW”ﬂﬁﬁiqmﬂﬁﬂLﬂ S Hder S o, 7|
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Key Words : 5 A] Qg - A] 2 Bl (Simultaneous cooling and heating), S-<=4] -5 7] (Absorption chiller), Ef %ol 4 X
(Solar energy), ] %>F(Solar photovoltaic), Elj % & (Solar heat)
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A Study on the Perceptions of Residents Regarding Three Major
Problems in Apartment Buildings

HMEB*, A& olent
Jinhee Jeong*, Chul Kim** Yungyu Lee*
A7 sdT Y ASATFER, g Rl A%

ofd
2_[1{
r#

Abstract : A A A= AW @7 2 U9 A g o2 9slo] by 32 71|
AEstAth 271 2 A 7|-H 2 2Jo| 7} QloL), ZF2e] A B s ko g

o] A, 53] AFA oAl A Al 78tz ARl H53FR AL, F4 B o 7F o] ] of = A el 2, W T
s, A7E A2 A 7 5o vherst o] Ao A HFH o= o] RojHr}. o] 2 <5

oA & AR} wh=2Fo] w$- F 8Tt ﬁ/\i FZrE =, 2219 o) doll= &4 A gl

O

AZ /AR Qs Al Hile] AEH Qlrhe, Moo o] SR A4S S mE A
R4E 7 g eo] Hhfu Ak uheb £ 04%“ FABANA Wt W 4 ol 2 A9
Fag, AWBIE, T3 AEA B B e AT ] MRS AAste] 28

PR A AR S R S
OIYE A she 3558 AT 4w dstalon, A d S SRstel B o 2419 A7)
&0 9 AR S WS vhAsty] 918 7| 24 RS YA ST

Key Words : 212] Z A}(Perception Survey), A 24-2-(Living Noise), A W& 7] 2 (Indoor Air Quality), A &4 7| &
(Household Waste), 5= 7] 2} 7 (Residential Environment)
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A Study on Improving Building Energy Efficiency using Energy
Harvesting Sensor Module

Woosung Jung®, Hyojun Kim** Jongpil Im*** Jeonghun Kim***
Seungeon Moon***, Younghum Cho****!
sout|st Aubgjety AZsta)l FHu)e
A A A AT Y 2A T AT AARFALER A EAY A,

wereooat Fakehel A58

o)

_1
J

Abstract 1 5241 541 ALA = A8 T2A L mUE 9 A ojo] stz AHgEw ol shx g
loT(Internet of Things) 7] 7] o} 2-& A1 B41 ALA & vl e 2]o} 2-& o %] A% 4418 AFgatet.
WiE 2] A garol sk = 27149 At Baste, G Bl vk Tk A4 of A8

WEIEIE A G o) Sl Aol sl o) St e A A e @

s, 2w Bo) A wAsE A UA S A7 w Wekel 714 B 3 oln g
VR oA A A 5 S Tkl 28 oA B EE] etk & Aol A o
S S A 2 o) g A S R ol e o) Sk 2
37} G} o] 2 918 B8k Al ALE Test-Bed 2 A A 8lo] o ] slu] A8 70 B AIA 25
A sgon, AHe 5 H%az A4 2B AL 4H) s Bohshach A4 4 Fvre] Bk
K| 225 ON/OfE A o] of whE A% o ] H7F oS Tsys 18 E8] ] B4 aelct. A a0 4 2
3 A4 7 mUEE 2718 308, IsEe R 435S i, A% §x i) A A4
A8 selA i 712 ek ou] 22t 12%, 17% A3 753 A8 Sl

Key Words : of U X 5} 2 B (Energy harvesting), & o] 4 #] 32| A] 2 Bl (Building energy management system), 71
E o) 4] A] #-&(Building energy efficiency), A A 7+ ] (Occupancy sensing)
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A Study on the Development of an Optimal Solar Panel Design
Program for the Arrangement of Photovoltaic System
in Residential Buildings

= % o *xxt
uALEY, UASS

Sanghoon Park*, Dongwoo Kim**'

QU eI EAASE, FEY AT

Abstract : A 20| 1 A A =(ZEB)°] ®IZE § Hof|7hA] Bhef o mhet Az o A o | A o #ut of
Yk olu A Aatel g5 B o2 855 = 7hH, H 43 (Photovoltaic, PV) Al 2812 A& U]
AuA it vlES wole Hl 8T 4IE & = Atk AU A A v]E(Energy Self-Sufficiency
Ratio, ESSR)°|| w}2} ZEBE T A 2| 0.2 A A5t &G st7] A= PV A L") TS 4= Qe
A A S A 83| o StaL Atshe Zlo] A=A o)t of uf PV AJ g o] A gF 2 PV o d
of A WA} Ao 2| oEstH, upebA PV o' d of ' o] A dj7} E =5 PV o d of dA]
HA I AR E 2 st W Hd Y 2 A LA East

& Aol A= PV A LE 9 H A AA T} 7hs ot B g Al L 9 22 A ZRA|AE AT}
th & AA ZRA|AE Bgote] 8 WHEE WEA7]7] APV ufjd o] A3 WA /25 A
o otk 2 Aol A AR ZRA A= A A Y(SketchUp)& 0|87 Z2 U0 2 -3 5 it
2 ZRIOHS oG Hfd Alaw o] R A A A, PV ufd o] AA] 93| of W AS 2 Ao
A 7)E QA "] AA S-S LT% A7 HA Al TS 28% ST ¢ e e R
7l Aok ot =2 ol ot e fg LA ASghol g Al o] AlFH ofutE oA A
Az S g BAFL AR Sdstdinh. & Aol M AT s g Al 2 A 2A
ZEZA|AE AEY - B HH e whet PV A ARS A A 5L, S FARE 2RO Y
ok F8&5HA 282

oX ¥R

Key Words : &l &F33 A] 2 €] (Photovoltaic system), B &F34 2] %] d A 3£ & 7134 (Optimal Solar Panel Design Program),
T-%= 9l (Daylighting), A 2 ]| A] 7 £ (Zero energy buildings)
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Experimental Study on the Thermal Performance Evaluation of
Water-cooled Interior Shades

MEAP, 8ES*, o™

Rosa Seo*, Jongho Park* Kyunam Rhee**'

FYRARL Botel 15 - 2B, rFYLAYe A5

Abstract : 3}o 23] = 720] )3} o] A Eo] 4723l
2 AART S AHE §AA 7L el ek ol e AhoF 4 A S Aufjo] AH L 1 EWL A
Aoz Y2A 4 A5 59 d2b Aol 7148 = s Ao 2 AR Eth oo whap & ¢
Foll A, WU Al QE EEkQl = e o] 5 Apofol e g HBAbet szt YAk 5] I
A5 F7IstATh ol 2 Y3 Bt 2 3.7mx3.7m ¢l test-bed of] 1.6 mx 1.8 m 7] 2] Z3 o =Y
2} i sabope A ahlk. Wrtakoke] W2ke 9la| A Testbedo] 8 WHpA| A 8] o Sk of
Fan coil unit (FCU)&: 2310, FOU £4-& 9/t 48 YR ajoko] B384 AEE s 9leh 21 %
715 AuE &85}o] 9]7]2230°C & §2|5}4) .21, solar simulatorE 4 2] 5F0] 466 W o] & AR5
shef W F-551 600 WE A @ 5lo] 5 1,066 WO W 75HE HAFSEI T 5 7} case= WA slat
5 W R 510]0°,45°,90° A 7HA] case= 575} QLT E G 2} caseol| 4| FCU} Uj f- 2 QFof] 4=
2 WY B WA, FOUS Bheh 45 i a ool sk Ao gl o 45 sl
%6 71719) B7} case® AT ATE. AR} Fo}, R Rel A, FOU fan & 2] 44 0. 2 7458190

]
©,
S~
>
i
)
=y
T ﬁ?‘_ﬂ
A=)
offt
>
=2
iz
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>
g
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v test-bed 2 % o] kel pumpS on/off SH= WA © 2 AojBk Tk, A Wk Ak, e of
SF BA| Qo] slat B&55 -2 w7 Ak, shat 2 7F90°, H A A AL W) 9
o) 42 L =L 168 °C, W24 WS W 295°C 2 714 2 LebEth EE PMV 9] 45
slat 24t 90°, 15§27 A1 0.13 © 2 714 neutral e ol 7Hg7) LheRREeh o bl 4] Av)ape] 29 1y
2S5 slat 21w Z7h3 uf o w4 Aol grasstod, slat 2k 7 90°, 8- A 18%
2 71 2 sk 20 R Uekstet. ol S B8, 2 R Ao B 7k B 5 X ekgkeo]
= el A §UEE AAREE AR AT FAO] FELA A AF G YAUOR 2§
shof, 91750) A A3 A L ol Aveo] JFL AL AL FAT > Uek B AT
7S PHOE TH YR s B2 GYET BAE YO B R thopat YL Eo| 2
% 7k A7) g Aol A 98 2 oluA 4% B7b7t B a st

Key Words : U] 5-%}-9F(Interior shade), & % &4 S}(Thermal activation), & A}l ®}(Radiant cooling), & 7| %] (Thermal
comfort), ¥ B0l X](Cooling energy), &< A ] (Mock-up test)
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Comparative Analysis of Modeling Approaches for Building Energy
Management Systems

HMH7|* Ao+
Byung Ki Jeon*, Deuk Woo Kim*'
iea o b e |

Abstract : A-E oA Ay 4 3

ES AAF 2L SN DB U FEA
2 wAE S gt A mdo] Bas J

H

=]

2 (1) TRNSYS2} EnergyPlus@} ZH-& AMA| i
233 7|59 HEWH, (2) £ Resistance-Capacitance) =2 & & L, (3) ] ©] g 7]
Hh(data-driven) S &l IO itk A §A -2 A3 (full-fledged) A& ©]
Azl 7Rk W o 2, Vs A0S A 5 o AL A, BE dE W o
Heh & A4 IS =28 1A dedi (AP WA 4] 7IRhske] HALSHE B O = A THE R
AARE, A2 A9 Wi ol Aoy, BE Tt =

+HE A "Held, 7 AskE gaeEE Vvt s
E3& 7l W71 Q@ A84) 59 Aol At
FHACH S =, A5 )l thet 2 Al g /do] 2
FH S gol At AES o= A 9 32 AR Y LAY S st A, AY md
P Aol FastH, A=W e AAHANS EHE 5)9 &84 7HA] g sfjopgttt. & ¢
TolA = Aedt 24 JAEH 5 F §1A (RC L), Al 17 (data-driven = &) & L5 of) o 8, A A
ST =9 oy A e Al AH gH o A o] A8 1} 4d5-& vl askal A} gFth RC e 9] 7
50 SARFL A9 HE8FE Ae dHbAl FH 9 HE RC 2P 7' dslal PSO(Particle
Swarm Optimization) 2| 23} &4 112] &S 5o =8 e e & 24 5tqich deld madE AlAE
o] ¥ st5ofl 2|3k LSTM(Long Short-Term memory) &ile] & o & Rels /48] 5 &4 8t
Atk

il
-
)i
st
S

el ste, $45 A A HolEl 2A 8,
N CEEEY DECEEL P RE

Key Words : A& of 4 X] &2l (Building energy model), RC % gl (Resistance-Capacitance model), Z| %3} ¢+ 2] =
(Optimization algorithm), & 2] 1 (Deep learning)
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| BEE-0-12
F2E9] B 24 Aole] 42 JuA2uF 8

Analysis of Energy Consumption by Fan-Tracking Control
of Variable Air Volume System

* = R k% =4kkk = kkkkT
ZAY, YsE*, olTE, 2YE

*

Kyungwon Kim*, Hyojun Kim**, Jinhyun Lee*** Younghum Kim***'
sodutst Auitjety AZshy}l #Hue] #FEoduistn A ATA,

weero et Fajejet AZSR

Abstract : W E5F 4| 2Elo] A B Alo] Al 2 £OE FHT FFES THHL AU 9718 £
A1 A GO R A Hlof 2k B P F AT oA MEFA 2] 2
713 Ao} 7k B asheh 71 Ao WA F WA Ao WAL o)W & w710 =) )
dlste] At Walolth Fr1Me 24 202 AAE Huld Wul o e o] whel W YL A
SHE® 2slol e sl AR el 4 4 H 0 7 F ol A Aol BT 4 gl 2
2 Qla) A= A7t o 5ol vlsh Skl Hm 9P =R E 7|7k MR o Yehy woke 2
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Analysis of Stack-driven Pressure Changes caused by Opening and
Closing of Main Entrance Doors in a High-rise Residential Building
Using In-situ Virtual Sensing Method
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Assessment of Building Energy and Visual Comfort Improvements
with Electrochromic Glass based on Linear Regression-Based Control
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ITO 7]% A4 P1 Laser Scribing 34 A3}

P1 Laser Scribing Process Optimization for Indium Tin Oxide
Substrates

Vijay C. Karade®, ZME*, FAF*, mRIX*™™, dfxe* RFEA* oIz
ZX|&)*, Santosh S. Sutar*** Tuckaram D. Dongale™**, &XHS****,
Z7|et*, o gz
Vijay C. Karade*', Saewoong Kim*, Inyoung Jeong*, Min Jae Ko**,
Joo Hyung Park®, Jun—Sik Cho*, Inchan Hwang®*, Jihye Gwak*,

* % %

Santosh S, Sutar***, Tukaram D, Dongale***, Jae Ho Yun,*

Kihwan Kim,* Young—Joo Eo*'
oA 7 e At s AT, FrekeFishal 3Fekg-sta), ###Shivaji University,
s ghagoll | 2| e stal A Aol A A5 st

Abstract : Present study employes a picosecond laser (532 nm) for selective P1 laser scribing on the indium tin
oxide (ITO) layer and subsequent fine-tuning of P1 scribing conditions with machine learning (ML) techniques.
Initially, the scribing is performed by varying different laser parameters and further evaluate them via an optical
microscope and two probe resistivity measurements. The classification and regression tree (CART)-based ML
analysis revealed that median pulse energy <5.7 1J insufficient to separate the adjacent scribing regions. While
pulse energy >5.7 uJ, APL>35%, LSO>46%, and processing speed > 1250mm sl gives > 16 ym of scribing
width. Further, the decision tree (DT) analysis showed that pulse energy of >8.1 4J, and LSO > 37% are
required for electrically isolated lines. The feature importance score suggests that laser fluence and pulse energy
determined the scribing width, whereas electrical isolation strongly depends on LSO and processing speed.
Finally, the ML achieved conditions experimentally validated and reassessed via scanning electron microscope,
and atomic force microscopy aligns well with optical microscope measurements.

Key Words : &) 0] %] 2~ =.2}o]H](Laser scribing), B} %34 X & (Solar module), ITO 7] F(ITO substrates)
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The Field Demonstration Study of Curved Roof- top PV System
Utilizing the Light PV Module

SR, IR, A8, gt

Jung—Jae Park*, Kihwan Kim** Yongwoo Choi*** Jae Ho Yun****'
g AR (F) A AUAA, FHE o YR 7| e At g Ate, () EHRE,
kg of U 2| gkt kol of e 2| grek R

Abstract : The solar power generation market has experienced rapid growth in recent years, with a shift in the
trajectory of the solar industry towards building-integrated solar solutions due to limitations in ground-based
installation sites. Building-integrated Photovoltaics(BIPVs) gain attention for their potential to efficiently utilize
land resources and contribute to the spatial utilization of buildings. While current BIPVs systems primarily
focus on utilizing roof surfaces for solar energy generation, the exploration of building facades(vertical
surfaces) for solar power generation is essential for future advancements. To address this, a novel approach is
required to reduce the weight of conventional silicon solar modules. The purpose of this study is to design,
manufacture, and conduct a demonstration study on thin-film solar modules that are lightweight and flexible for
attachment to the exterior of roofs. The manufactured thin-film solar modules have a conversion efficiency of
13.8% and have achieved technical completeness by obtaining KS certification(KS C 8562) for thin-film solar
modules. To verify the performance and applicability of curved thin-film solar modules, a demonstration study
on curved roof solar module was conducted. The scale of the demonstration system is 7.36 kWp, and the
generation amount was analyzed over a period of 27 months. During the demonstration period, the monthly
average capacity factor was 15%, showing superior results compared to the utilization rate in the same region.

Key Words : 73 ZF(Light weight), - 1 (Flexible), B9} €] 933 X 5 (Thin film solar module), A5 4! 3l (Experimental
study), X &-& €] %33 (Roof-top photovoltaic)
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In situ Monitoring of Industrial-Scale Low-Pressure Chemical Vapor
Deposition Process through Residual Gas Analysis

=%t =
OIMEI*, LR, S512% SMS* TR04*, YSI*, HPY,
T, Gopser

*T

Sang Hee Lee™', Munse Kim*, Hee—eun Song*, Sungeun Park®, Yunae Cho*,

Yong—Jin Kim*, Kyung Taek Jeong™®, Min Gu Kang*', Ka—Hyun Kim**'
oY A7 s A g, Rt et

Abstract : Maintenance of industrial-scale equipment demands more effort and cost compared to that of
laboratory-scale equipment, necessitating the use of predictive maintenance techniques to mitigate unforeseen
outcomes. In this work, the in situ monitoring of industrial-scale low-pressure chemical vapor deposition
equipment using a residual gas analyzer (RGA) is demonstrated. The RGA provides reactions of precursor gases
by tracing the concentration and composition of residual gases within vacuum reactors. Furthermore, RGA
analysis enables the prediction of the growth rate of the thin-film, providing insight into thin-film growth
dynamics during the process. In situ monitoring using RGA can be applied to diverse semiconductor fabrication
processes, including thin-film growth, oxidation, reactive ion etching, and ion implantation, owing to its
compatibility with vacuum processes. This study addresses the existing difficulties in the exploration of RGA
monitoring techniques for industrial-scale equipment and bridges the disparity between laboratory-scale and
industrial-scale processes.

Key Words : 3}3}7] A2 (Chemical vapor deposition), ZFF 7} 2~ EL 4] 7] (Residual gas analyzer), Phosphosilicate
glass, BF2FA] A S (Thin-film growth rate), ol & - A] X 4=(Predictive Maintenance)
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Green Hydrogen Production Technology via Recycling of Waste
Photovoltaic Modules

O|28H*, iz
Yonghwan Lee*, Nochang Park*'
et AL s AT AAIT A A A A E]

Abstiact : 4122 7| o} wES A AAK R FEHo| W $7 AspH ol o uiA Mg
Azglow de) LG I ek o] 9} 3l S ket Bk mE O] Ao W AL o]
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9F3% X E“(end-of-life photovoltaic module), 3335 #| (solar absorber), solar-thermal conversion(33-

Key Words : 3| €}] %
g A3}, 4= 4 Al AH(hydrogen generation)
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Comparative Analysis of FFT and DWT Techniques for DC Arc
Detection of Solar Inverters

MEEf*, GEfE*, YM*, ZXS* Ol F*, YHE*, 0|F ™, AF g™
Juntae Jeon*, Taejun Park*®, Sunwoo Lim*, Jinho Do*, Hyojun Lee*,
Beomjun Kim*, Youngkwon Kim**, Juyeop Choi '
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Key Words : €] 9833 21 ¥ | (solar inverters), DC o} = 3 &(DC arc detection), ] & 53} & E]Band pass filter), 1<
ZF 1} <> ¥ 3}(Fast fourier transform), o] Al ] o] &-31 ¥ FH(Discrete wavelet transform)
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Utilizing Built-in Temperature Sensor to Predict the Components
Temperature in PV Inverter:
“A Step Towards Fire Safety Management of PV System.”

Muhammad Faroog***, Byung—Ju Lim**, Sung—Hoon Cho™*,

Ga—Ram Lee*** Chang—Dae Park***'

*University of Science and Technology (UST),
**Korea Institute of Machinery and Materials, Carbon Neutral Energy Machinery Research

Institute, New Energy Plant Technology

Abstract : The global market for photovoltaic energy systems is growing very fast to produce clean and
sustainable energy, aiming to minimize our reliance on fossil fuels and achieve carbon neutrality. However, with
the increasing trend the fire safety is a critical concern in PV systems which not only affect the reliability but
also lead to huge economic losses. It is thus important to develop a smart O&M system for the safety of PV
plants. The reliability of PV systems highly depends on the PV Inverter which is the integral part of the system.
For this reason, developing a fire safety management system for PV Inverter will enhance the safety of whole
plant.

This study focuses on the development of ICT based fire prevention technology for small capacity PV systems.
We aim to provide a comprehensive understanding of critical components in PV inverter which can cause the
fire incidents. Our research introduces the novel approach to prevent inverter fires by utilizing only the built-in
temperature sensor to predict the temperature of the critical components within the PV inverter to enhance the
overall safety of PV installations.

Key Words : Photovoltaic, Built-in temperature sensor, fire prevention, O&M
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Empirical Case Study of Construction and Operation of New and
Renewable Energy Infrastructure for Energy Independence in
Domestic Industrial Complexes
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A Study on the Development Status of East-West PV System
and the Effects of Introduction
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Development of a Power Conversion System that can be Combined
with Renewable Energy to Build an Energy Production System
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22 W9lo] 48T Gk AHE 7P ofof ¥ = Eo A UPS 7]%& 4
HAPA 0 2 AL 4 EDC AZ Y 7]uke] SkW 7H4 & ESSE 913t

=
=

18 oo

!
rE ol

Key Words : A1 A A8 o] U] x| (Reneable Energy), 2] % 7] & % (DC Coupling), 2. F/2] 5 71 ¥ E](AC/DC Converter), 2]
/25 % ¥ E(DC/DC Converter), o]l ] %] %7 2] (Energy storage system)
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Hog 719k vz a 2 g AL

PV Project-based Business Models and Cases

SRS, A

Daehyun Park*’ Sungsan Choi*
“qlletol &

Abstract : A B fF TRAE = AT oA, FA FE o] H, 18] 7} o K, B of
g, A8 =, gauE A7 g g RE100 Q4 52 ﬂas}oq t}oFat /\]—04 03 oz AT
ohoolE gt AFdFR ol A 2
A A0 R o AfE= o
T A& S8l ol =
g AL & A AR

%ol' R
e x0 Jo

°?~ m&a

%Oﬂolﬂﬂ,%%—,‘}% A= = EH"JJSL /\}?Q E‘él_é Xéﬁlo}ﬂ El
) 23

Key Words : ©l| %33 274 (Photovoltaics), RE100(Renewable energy 100), PPA(Power purchase agreement), RPS(Re-
newable portfolio standard), X} 7} 4= H](Self-consumption)
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The Role of Virtual Power Plant Operators for Expanding Renewable
Energy Resources

R = *F
o OoO=

Byunghoon Chang*'

a2 A ()

Abstract : 735 2(VPP)= ICT 9 AbE A 01715 7|REC 2 ohefgh Lol 217k Aol | ] A& A2 Ao sf
o] A Y Y8ty Rt Al LH o2, ZAto | A] AHdo] FTtsH A dojd = A= AT F Y TIed 2AE

AT 4= Atk SO A 22 vl At 7] g ol k. Aol A= A TS, A A o | 4] ZH| 5 RE1009] 7]
AEE st 4aabdE AT A] S gl 4G5} 7ol thiet SR8 AEsHEA 2040 7HA] F L
30-35 %5 AN A 2 Hgttrh= A3A} ol | %] 7] 2 A 2 & FE S A o v A] 7|2 A = 9] 13} H1 2 2030 7]
T 63.8GW Ao 2] Hgo] AAE 7h2H FA AAYAAA F 7HE 2 vEE Aok Lo aeAd
of gt A= 2 A =2 = AL et 53], A B g T AAE7F oF 92.1 %E AA|SHAL 3= 1 MW o] 3)
St WAL &) 79, e gl BARES PR O R FolA| AL Q= Bt 28R AR Hof £ 5] ek mh
ehA], A O AP S YAA 2 i BAAA AR A = AR D E o] §-013HA] ghot FHi & Sl kL E
< oy gt A&Ado] Wold = vhof glrk. ol AHAST &F §718 =AY L7 A DA
= APl gHelstr] of §7] w2l WAy she AR ol & 4= o, H 2 89 Fa oA ol & A AR Y
WO & 7 ax(Virtual Power Plant, VPP)Zh= 7 E & =8k E-&31A417] = Al =2 ¢S vl stal ek

SE et M e B 5 JEF AL R trEe 2y AE M2 BAA RIS FEshe Ao R
S8k, g Ao RIZto] FEsts HaFY ojP g AR 02,2023 613U ZAY oI FALH S
2o eS8 7= ol A wEE R A=A v ol et a7tof &5k TRAb v A &4
SE3 T 7)ol = FELRFE 1'do] B 202406 U 14U -8 A 3Yskar, AlFE2 Q1 W&
3t 2 ol YA (VPP) A = ol ek i85 =3shal )l

T A A A AKPX) N A= A A H A A2E DA A E A=A o ofl = sho], Aol 2] o 1Hd A 3}
ol di-g-3H71 Rk ’eke vhRsk o 53], AlF= AU A vjFo] S A9z 33 127] T A- A
FE2 AP o 2025U7HA) A= o2 St Al F ol k. Al 5= Al ARY 2 A Aol A A A AR =, H g
AN A 7} 5 = S A A(VPP) FE| 2 o] Hodsts AR AAYAE2 sHRAAA, AAIEA el
AT 7h A& Qs " R AAZIAIP 0 2 A, Ao A= A AT Al 7 A5 e
WA o] AetstA HAR dA = stEA &g AT oy =Rt Wl HaL glo], 7|E sRAAF o] ¢
of Ao A7 A RS A oot 53, AW HAR A A& Tl AHpa Wl thvls oAude
(A=) etrsto], Ao R ofju]Eg A A sk 228} 2HYg-& F AT o 7] ol = “o] 54 4H(Two-Settlement) 4]
=g Esto, 71 A YA R A g dapnt kol Wk E = Ayt g, st AR SR A
AR, SR TR o8] A HEFS AATAG 7HA o2 o] % AHAakstA Hrt

oA AR B kg A S E A% R ol whel 3 BA U A SFEE Y O A Y e He) v E
KPXO| Zatof v 2] AAIZE 1A ol aapa] o2 gi-g-5h7] 917t 7HIE A (VPP) $=F SHE Hiet +=27]
= 2l

o fot

=

A

Key Words : 7}A}EE7 4~ (VPP, Virtual Power Plant), Al A] 7+ 2 7| @) A] % (Real Time Power Trading Market), 8 A 2] Z &
(Power Trading Platform), RE100(RE100)
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T7MEFFEEIZEY A7 MLPE E£3} Az 9

274}

MLPE Standardization Plan by National Solar Energy Standardization
Roadmap

=%t A T * * * b | * *  SLAS{* *x = *
MFET OIS, ASF, MU, TV, RO, B, UHLS, FE
%

Jeong Hyun Shin*', Seung Jae Lee*, Seung Joo Kim* Sung Dae Cho*,

Fol

Chang Ki Ju*, Soo Hyun Hwang*, Beumsu Kim*, Donghun Han*
“Sh27) A A7 A F AT Y

Abstract : A| 2 of| | X ¥l o (Zero Energy Building, ZEB)-2 A& A AH| &= o X & AA|H o2 A
avetol AR A Sl A% Btk Ao UG ol 4 LR A7 S 5 Ho] 1 A s Al
7] Y= AELH FH ohﬂ—E-‘é(Building Integrated Photovoltaic BIPV)1} 2 &3l A& H37|
7](Module Level Power Electronics, MLPE)7} §-3}15}0] A &Eof & & 3}A| Wt 5| o of 3t} o] = ¢
A= A W LA hH S ey o] ek BIPVZE ”80}‘3} Etolgaa d OP%i“ A=
2} whe) H MLPES 2 8 3},

MLPE&= &0 F2bE o] A, A5, 53 & ghsto] A, ?Pﬁ*é%fﬁ: A7l A
Th MLPES] A9 %55 A 5ol 4 A R2 Wakshs 519l S e kol 49t ARelH nRE
ol 2= QI E 257 7F Qlth MLPE:= 4|4 & H o] ghofj & il 2“1, 71 &9 o] &-& 4
7] oA Yolrt FE£AH75E B ot A S HIF A @ AV E T Q)

B Q1o A Sbe o £ S 3 A Sk MLPE 25 A2F 9 54 ohe Astel s
E7V =3 & A Este] o] & -85l A} 3tk IEC TC82 =LA Bl oF 4 F F 3} 7|
S E28} 7)o A o B a3 MLPE ££ A 713 59 EAela g4tz ek of
E 5ol -9 g A 2 o] Wsho W& -2t B oFd AFd Al MLPE o8- A eF

Al 8}aL, MLPE 330 -2 uhet e o3 Ab g A A E71e] oS RS W& =6

_IE“_
.
o
o

Key Words : A| 2 of| 4 X ¥ o (Zero Energy Building), X & & ¥ 4 & ¥ 3}-7] 7] (Module Level Power Electronics), uF
o] 3 2 21 ¥ E] (Micro Inverter), 3+ ] 2 €] 1} 0] #] (Power Optimizer), & <2} tF(Rapid Shutdown)

T Corresponding author, E-mail: jhs@ktc.re.kr

3 7|
B AT AR B A 50 A Q0 R FAHEEY| S D Bl o] A S ol et AT whA| o] Ak
QUi Tk (THAI 3 20022345 / HA - B ok W) 4 S 9 B T 7| %é:—)

*120



2024 KSES Annual Spring Conference

] URATRE due 73 9 29 A )

Introduction to Industrial Complex Energy Self-sufficiency
Infrastructure Construction and Operation Project

2_9:] %*T
Wonwook Oh*'
*SEH AW a3 A oo | 2| Al E

Abstract : Efj 33 ‘E‘af?‘* Al 2~E 9] Q7] o] O] it o & AT 141 g kg dhd o] o] S
20304 7| & 57GW_4 B AAHS 712 Ao 2 4= v, RE100 Y ESG

1L1X1 A, A7k 7hE, A9 A A E“ﬁz} o AL 7k Q). gt
’&‘%é—;ﬂ*}ﬁ & FHBHEA 4 %*EJX] YA A FALE et &

9 g B O] A HRATTo] 7% AL 478 o o]tk Akg]

@A W 3 A e, dE 54, ?‘P’% S FRFA O A7k ‘ﬂl?ﬂ EHO’“*J—P AHF(HAR) e

W FEFoITh Quj @ ol A9 AAE H7)E REI0S 5)gshs 7] 2ol & Bojehis WA o=

FASolth o] & Sl A AAA T A Y A H A AP ES wol L, AT IS L HAFH A, 7

219) REI00 o] 9)-& = 3.2 5 AFeh o o) %) 3hej 7} ol 4o,

Key Words : At €] 9F>3(Industrial complex PV system), RE100(RE100), &4 7} A~ 7FZ(Greenhouse gas reduction),
71 ¥ A & (Power Purchase Agreement)
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Hg714 3524 dAE 2E 2l

Introduction of PV Module Manufacturing Line in CAST
(Center for Advanced Solar PV Technology)

bl 254 *1
Soohyun Bae*'
e 1 P b e R R e s e

Abstract : =] g oF3 Atejo] whd W
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PV O&M Technology Using Artificial Intelligence and Inverter Data

Mozt FEdt glol, 2aa

*

Woogyun Shin*, Youngchul Ju*, Hyemi Hwang*, Sukwhan Ko*'
*ﬂ%ﬂﬁﬂﬂ%ﬂ?%ﬂﬂ@ﬂi@ﬂ¥é

Abstract : =TUf B oF3F =2 A0 8522023 715 F 24 GWIL AR E ol o, =y A AR A o
U] 29 76.3%°]th L 108 7F F 234 A x| gFo] 27189 X uk, A2 2 RE100/CF100
& g4 el ME A Fa o A1) ¥l ofofyt ghck. SAI N, Byl M) Z7h % o
@ otof whet B Fg TG | 9 e shs vlgo] SHee| we asd o= s
o He& A= 7led E8 aﬂ&w¥ii3ﬂﬂ%ﬂ%%gJﬂﬂﬂﬂﬂe"
2y &S =3 gok o] A 5
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O&M (PV Operation&Maintenance), <1 ® €] ] o] € (Inverter data), 7| #] 8}<5(Machine learning),
tﬂ o] E] £ (Data Classification), 3127} % ©h(Fault diagnosis)
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PVE-O-13

97 2700 U2 o HopRA) BE 9 O 34 2d

A Preliminary Study on the Estimation Model for Rear-side
Iradiation of Bifacial PV Modules under Installation Conditions

[ME*, "R BAIRY, olstelx, o|geH
Seokhun Yoo*, Jiyun Jeong*, Sieun Kwon*, Habin Lee*, Kyungsoo Lee*'
gttt o v A - X 7]Fetat

Abstract : 2|, e oF A ) BE Aol A 9w Bjep A A mE o] A% ul&e] F7bsha glek.
FAA) BEL AR b et FHlo] EPSHE AAFS B oA F7HQ A7) U A E A
Eo] Qiek. ShA kP BE FH AAF AR S FA wE A 2 1}
Sl EAUE 4K on 2G| U $ oL g g 2 S oy
FH 02 AR5 fste] VHA WA 28 & FAstel 45 P WStk B U5 0
vy @aﬂow Bde pdste] BE FU U] g

Tracing(RT) " 41 18 154} ol 5 5] A| o] Hol 7|95 30 2 39 B Ho] 443
eh A & B A she T

Er)v ol
mﬂﬁﬁ
o Ho rfr &

off

=

OF A A X E(Bifacial PV Module), & & A}5F(Rear-side Irradiation), =7 X 2l (Estimation

Key Words : FW Elj 5 %]
), - @ E](View Factor, VF), & o] Ed| o] Al(Ray Tracing, RT)

Model
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93§94 gopadcd 29 g9 42 PAs
st 7|9E A+
Study on Power System Stability depending on the Installation Type
of the Photovoltaic System Output Patterns
HXIR*, |ME* HAI2* olstel*, o|@4

Jiyun Jeong*, Seokhun Yoo*, Sieun Kwon*, Habin Lee*, Kyungsoo Lee*'
#otargshf et oy ] - 1 7]5-5kat

Abstract 1 3] 43 g PR A A 25 0] AAE Aol BE A 2 HAL Bk
o] %29 A Seurtailmenn3to] A% RS Pt WO w Ak ek A, 2
TR AA LY A% Pes B4, AR, 2 5o e A EAE B8 otel AE T
glou] o]t 7]z o] Bjepyua £ sfelo] chopeh il 29 fH o R WakEw 93 Mol
o ubebA] £ 2O AA chopeh A X faof U B A Ag A 2 BAS B A5,
o8 it A skel MX 9 e BT B4 Hmof uhet A AE Aget 7ol =g o

7t

Key Words : El] &F331F74 A 2 ®] (Photovoltaic system), -4 X] & €| (Installation type), % 2 A = (Power system), 7 3}
(Stabilization), < & A|| g+(Curtailment)
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PVE-O-15

APAFHS o148 245 P9 H2u250lE F3t
24 42 47

Optical Characterization Prediction with Artificial Neural Network of
Perovskite Using a Hyperregression Method

Zi201*" gyed Dildar Haider Naqvi**, Zt@lt**
Soo Min Kim*'", Syed Dildar Haider Naqvi, Min Gu Kang,
Hee—eun Song**, Sedin Ahn**

o AR R EY Age g o] AAlE, FFearo U R 7] d T Bty AT+

E3|2%*, QtMIZI**

e Y, ZF ot s, 13, Br3o] H]&& H3HA]
A A RS ol n 94 S SO AS R e B AT AW T ek 22 o
8270l o) UL E WA S A SA0) Wkl 57 2ol 458
TFBH77E o it & Aol A= HFe ShetgE A vle s
AL A9 v E g (ellipsometry) S ©|-85lo] 4511, 11 2
wasieth 7120 BAA QAR PO 240 o
ol nah ¢l ¥iZol tht 2 AT AR 0] eI ES AFA

=42
2z Aol Bl e e &
25 Aok A 08 A ol g5to)
2o EY s E2 2437 o197 o)

d

g4 7]

AH(ANN) 25 55U upA Yo 2, B2 H Aol E &2 o) A| Zof| AHE-H 3}sharE A H
St oz HelE SHE ¢l TR mdlo Hli' ato] WalA EXo] A AuE B A5 ATt} O
A AL AT AR LW B2 BAS B F2E 2ABI FASE Al A4 wsiol
PA|oh= A FE Holn, 23] K A fARE FeE etk d5H A3 A5 2dS ol &
sto] | ZH A7LO| E O] 3Feh2] EAS A S5t ARt AR H O R = E4 0] B u ¢
HAe s 3HE S 5 Q. o] 2|3l 3k B4 9 WSk 24 WSt W2 s H o) F4%
Holo| = 2 f A H = A 21T AEA o=, gtekgt vlglol g 415 WS o] -§-5ho] vt

:
Sl o] AH= shele] Hako] n-l
Key Words : 21341 7 W(Artificial neural network), % ¥ 3] 7 (Hyperregression), 348} 2 ) & & (Optical spectrum)
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EHO(}:%]- % E-g‘l—]' o] ‘ ‘5‘]— 7]% %‘c}: g_l ]\]_a] %d

Analysis of Trends and Cases of Photovoltaic Thermal module and
Heat Pump Convergence Technology

Ofo

2 ZRIsl*, o M*, ol A

— s, O3

% i

Hongjin Joo™', Minhwi Kim*, Youngsub An*, Wangje Lee*

A7 e AT Y AR AT a A YA LE A

Abstract : B3 d Ho HET S| EH /
D A7 A =25 FAl Ol 7‘2*]7.—:] —’F Rom, 53] 2448
ojA Ao g A &S Fst T 4= 3
SAHP 7|3 vuste] A oS 5254
2 FEsH] YT igte R W= gl

‘ﬂra}/ﬂ 2 AFN = 1= € E A7 01]‘4 A =25 55017 Y8 489 A2 =2 PVT-SAHP
o] Al 7l W A 5ol el AdEstA e 53] AXar T4 thefet 232] PVT-SAHP 4
= AHIE &4

%; T—SAHP 7] 71&9]
ShaL o et 719 2210 A Xﬂioﬂtw !

O

Key Words : B o833 ¥ B3} & 5 (Photovoltaic thermal module), &) E 3 Z(Heat pump), SAHP(Solar Assited Heat
Pump), PVT-SAHP(PVT-Solar Assited Heat Pump), d tH4HH(Cooling and Heating)
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STC-O-1

A43HY aralel Be o JEUT 93N

AR BA

Economic Analysis of Solar Thermal Heat Pump System with
Thermal load of Industrial Process

UYZT* ZHE*, O|7H***, Faroog Muhammad***, ghabcy***f
Byung—Ju Lim*, Sung—Hoon Cho*, Ga—Ram Lee™**,

d*,** K*’**T

Faroog Muhamma , Chang—Dae Par
7| AATE ST A AT A, e redgdd ettt SHET| A S

Abstract : AF] E o] A B R oA o) grEe st AdmRRE A7) o] A% 7ol A
o] e W Eo] Azka Aol Bl sEREE SHARS ARE AT HalHE
PAT 5= Qo] ABAAQ GBFo| F5FLE FAHSS 37| M0 Z 4 Qi A2 o]

CE AT A4 o ARE Z7bo] whet Bk S| =W L] A% wst R AA AL HASE
A} 5otk o] 2 98] t4l B4 Z9S TRNSYSS o] 43 452 =2a19.0n, o 4% dlojg 2
o e AR AHE et a4 AT AW o] AR AL dRe) ZoleeE A
Fulgo] grastelth 2123 dRsto] whet ) ujgHele 2 AW o] 2Astgon 1
WAL Zleta. i ARest 8RS 541 gas e AAE 2AA A

Key Words : B} &F & o] X|(Solar thermal energy), 3| & 3 (Heap Pump), A+ 37 & (Industrial Process Heat), & -
5} (thermal load), B4~ #] 7+ (Carbon reduction)
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Construction for Demonstration of Greenhouse with
Energy-independent Type between Solar and Geothermal Heat Pump
Hybrid System

A8, HEg* g
Seongkeol Kang*', Jaeyong Jung*, Hyunkyu Nam*
AR R (F2) 7R A

At £ & 15 Of U AU A A 100% BT
0] B 2] = (Solar & GSHP Hybrid System) A] A&7 7jul 1l A=

71EH, A A Sl A 212kl AU A A AE S A DA A A S 2

£ 0 B3 2o 4 & A5} R AL AASHE Aolch A4 Lot

240 a2 st v A Fa= A AYA gRIFA LR e R Fudte 7lss Y

= Ao=E ¢ EHOkOﬂJr %Loé%é. 3| E 3 Z” Hybrid /\]/\E“(Solar&GCHS HP Hybrid)x}

Ao A A $HUALURE) A3} 3

S XS U5 Al T ol g2

ol 90 2 Al RO Ao =R A 5

= 4 S AT HolZo HdEo] 547 A H3|EHEL

W S o whet Yol A F2 =5 HAFSHo] P E = Al ddl ol v X Aol A3 A AH

) 5

ek

“ejore +

rl

_I
4 o

Key Words : E}| &F & (Solar thermal), A| 4 ¢ 9| (greenhouse horticulture), X] %< E (Borehole heat storage), 2} A ol 4 A
(Renewable energy), 8-2-§HA] 2~ 8] (Hybrid system)
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AR EYEHA Y HE-

ol
=2 H
48 50 oIAET 15y 24

Experimental Investigation of Thermal Energy Sharing by Thermal
Network with Photovoltaic and Thermal System

HIAS* x|{E* SZg* 2Usts*+, s+ 7||:||§_|**T
Kyung—Eun Park*, Won—-Jong Choi*, Joo—Young Hong Haneol Kim**
Jongkyu Kim** Min—Hwi Kim**

*%lé—tﬁ’é‘_}-ﬂ Au}—E/\]ﬂ}]g‘r ol—J_]- **5P'—_L,"0ﬂ‘47<]7]€°4?-°l AIZHA“/\]iEg} o LA

Abstract : 2| B g DA S| o A b o U A ik AL £2 AT A H 8 2 EE
a7 et et T SR, AR UE S At QUEYHIE §F Jo AR TH Yot
of ek A4-7F R AL et ofofl, & Aol A= o HE2 FAd 2t QHEH A ] H
FF A LH Y HES ST Do A 3 WA AYSHL, o] & S AFYUE oA A
7He/doldisl A& Sl 4 skt A2 diAd fﬁ%ﬂldﬂﬂ%%%% RIR R Eat [

Fe = ZHskt. 71E PVT

AAFUE S AL d= JKePSH—lﬂkiﬂ*Zﬂ 1 KPEB-1Z o /]
o} 3714 S Eg TR A KePSH-13} A 7| 257 & G948 355} EB 1 Abolof At &
LﬂE QA E T35}, KePSH-10] 9] 2] 3 & &3 oﬂA]AEncM A ALE] © KPEB-19] 25} &
G A Akel E8-oh= Wehs A E S S8 EAEH T A5 2024 1 ?—:4_42” st 7)o 5 8zt
= Adst o, Ao & AR A5 HL 717k Aol A=A HAF &9
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EB-10] |22t =AY S| EHZE T3l 59 355 H Al ol ds APt ol 5
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Key Words : & U] E ¢] = (Thermal network), Elj %33 H A 2~ 8l (Photovoltaic and thermal system), &€oju x| &
(Thermal energy sharing), Z 2] 2~ o 4 ] #| 7Y €] (Plus energy community)
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Fault Detection Remote Monitoring System for Solar Thermal

Systems
O|&41*, ZIUB*™, US|R** O|LH*** 0|HES*** AQE**xx
Song Seop Lee*, Il Kwon Kim**, Hee Won Lim**, Wang Je Lee***

Kyung Ho Lee*** U Cheul Shin****
o)A eshE skl Asgeta), *rrolaamof (),

gL 2] 7] S AT A AL AT, e s A %3 et
Abstract : B F g A AEILS 71 T} A Auto] AR dof 3 S=Q7F A &H o8 2713 ukat
AR5 = A A ol |d A /\l/\E“OlEP ﬂxlt’P ﬂ%%k%i Al "SGR Y] s Al E A gQle g Qs
A A% G ole Y HaAA gL B5Holch o] Tt o] G2 ALGAHE HFd A~
9 9] 7] 5ol &F E T 22 E’Jﬂé A A" s A 5o wAIE RS ol o #go] qlth o
A AR B OF D Al A/ O] ARbS S A 0 ' QIASHAL B A A &S WASH] ffshe] %
A 44 HUEHY A A" 09 F Q3 4TS S 4= Qo 2 AFo A= Aledold d5nd
S 7o 2 AAZF G oA W g A] dare] S-S A ol A] 5+ (Edge Computing) 2]
O A U B A LE-E Qs v Al 2 d o] 48-H I d A AR e s A
FAHE S E5lo] I EFAS B4 o &2 P2 IS0 24194:2022 (Solar energy-Collector fields-
Check of performance) B ¥4 & G 7] o gl o] A& 544 o] &=tk LAHAE f1e WA nt=
(Benchmark) 2= F 74| 4 &7 e 7| o] dF o2 AI7F A upo] W& T2 A A WIS 7 A|skaL
2 5l=t) d e o] 85 = 75} 2 E ] = (Shewhart control chart) S A&} ¢},

N

Key Words : 1177} Z] (Fault detection), 478} 2 E 2] &= (Shewhart control chart), oj| 2 X @ (Prediction model), & 2
24 g & A] 2 ] (Remote monitoring system), B 9%F & A] 2 ®l(Solar thermal system)
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59 " BAYA] 5% Aol 7le 2F

Active Control of Solar Thermal Radiation Maintaining Optical
Transparency

A0 B, SIYTH*, AT, Mpel, MM, ASE*, Axs*
Mikyung Lim*', Jaeman Song**, Kwang—Seop Kim* Suwan Jeon*,
Seong—Jae Jeon*, Hyeon—Don Kim*, Jae—Hyun Kim*
AT g, RS eta 7] AlE ek

Abstract : €} %F 5 Apof U 2] &= 5 | obd, Aol 4l i re Aol o
A7A] L EE THA o G E e, 2 Ee ol Akl IRl el el g Ay
of Wk ko] i 2 S A A Hid, AR W Fahels oo B AU A S A
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Key Words : E}j &F £ A}o] 1 X] (Solar radiative energy), 55 A ©] (Active control), ==& £] 4 (Near-infrared), 2~H} E
2 &= % (Smart window), 33 £ 4] (Optical property)
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Numerical Study on Performance Improvement of Wire Mooring
System for Floating Offshore Wind Turbine through Application of
Clump Weights

$ solo] AR
a7

US2*, LRZ**, GE** RS 2G4
Dongeun Kim*, Jaehoon Kim**, Chanmin Park™**,
Yoon Hyeok Bae**', Eungsoo Kim***
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Abstract : S o A 285 = F WA ALH S AR FELAVE AASHE sHEFRE 24

o] upet G A R A o2 IA 2 5 T S0m o] 3f A& Zhe Tl M HiEE 2L
4 S A SEARE, 924 0] 50m o] 4Rl s ol A= A9 Ao} FA| A S To LT
FA] skl A A o2 fefsitt. 18] al s M= uhke, i W 25 53 ol trfet
B4 ool 2Hgok7] Wil FrA g Y2 ol et 943301] —4 H 71& s A "t A ok
TR AZEHE AF AL-S FiAlol Hdg e Frhsho] 28 @7 230l A A ST
of ol b ek += A== FAl 9 AFS At Hﬂ% ] MNAF= g5 ek =3
=T B 23olA e A LaHe] AE 52 EFEA =5 ek AR S 2 300m o] 3F A o A=
= EES 7H = =S ARINS ARESto] Al AlAES BRI 2 Aol A= A jlel
Hl3l 7 AL ARk efojo] RS AMGSLE S E Ho|EE SN SR HY 4= TR
o S HolalA} gtk 10MWH 4] B4 s E 82 did 2=, AR /\1iEéH A=
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= &0l AT S MSE Hlal LA sk A A2 cma/\}oﬂ/‘i Wt FA-AF A48 8
A A48 221U < OrcaFlex S AHg-3F At 7 2 —1 F/JH W Ao -y A4S *P%’S}
of 34 Alo] AW B 54 vokE WA BHelstal, 28 9 =7t @7 = (DLC 1.6 &6. 1)°ﬂ i3t
3AIZE AlE ol & AT & A 2 7454 AT Aol SAgEE vl Ak 2 A Ade
A S Aol A A A L AT Al AA O w85 82 4 3le Aotk

Key Words : 5-3-2] 3] A3 (Floating offshore wind turbine), A% A] 2~ #l(Mooring System), 2}0] 0] = 3 (Wire
O]

| E(Clump weight), & Al 5 (Restoration performance)
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Study on Reliability Index for Power Performance of Wind Turbine

O|ZM*, ZMx* o|aE*
Gwang—Se Lee*’ Sungjo Kwak*, Songjune Lee*
o J A 7| e A

Abstract : % 91579 2. F
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Key Words : 3274 7](Wind power generation system), A1 2] 4] %] % (Reliability index), £ 2 4J 5-(Power performance)
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Analysis of Performance and Load Characteristics of Ultra Large
Scale Two-bladed Turbine and Three-bladed Turbine

HEN Y, QE* ZpMZx* sME* HMR*
Semyung Park*’, Chul Yoo*, Sungjo Kwak*,

Sungmok Hwang*, Daeyong Kwon*
o U 2|7 & A

Abstract : AA] T AA = HFEH BRI 2 IR S F = LCE AfS &3l A4S &
A7 g F38H] S8l =g Folth 7] &9 7E WA S 2 20MW o] o] 2o @ B Wl B
8 A7 Tl =AY S whE G B, Bl& s, A R A Y o e 59 7]

2 Ao Awe ek 2l Byle] /]2 39 WAle] 7|44 BA S TR 913 eto )
A A ofl et 714 o] A= HaL . 29 WA 2 RNA S5 A fo] 7hsskal, Bb ¢l 9 A
A| -2 9] passing frequency 374 33 DA S &40 7 BN W X XL 0] A F AF3U) 7
stk XWO] Atk AFNM =29 2P FHEHIA A5 L otse 7139 HlI v &
Ae Fof 29 ol =9 2P o] whE FAA Y sl A sfjoFd 7E 4 oEw T 2H T

Key Words : %o & &2 & Hl(Ultra-large wind turbine), 2§ &8 ©] = ¥ ®l(Two-bladed turbine), /d 5 &4 (Perfor-
mance analysis), 3} 541 (Load analysis)
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Study on Developing a Wave Height Forecast Model Based on
Machine Learning Model for Offshore Wind Farm

Ol&F*, =Mz, oM™

* Sung Jo Kwak* Gwang—Se Lee*'
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Songjune Lee
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Ll v Al o] 15 =8 7|4 A= F&, FF 18 folgtale)th
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drof] fsff ot 2ot ohal B g Jfdbof = A A E AR o o) =2 g5 K o= LSTM(Long
Short-Term Memory)”| 5t2] Sequence-to-Sequence & (LSTM-s2s)2 ©]-83} % th. ™ #], ANN(Artificial
Neural Network)E ©]-&5}o] 54 3119 2S5 S5ttt thx o2 A5 7 Hebd S4 1t
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Key Words : 1} 119 12 (Wave height forecast), 3] A% & t+ %] (Offshore wind farm), %2 A| 2~ 8l(Wind turbine), 7] 7|
&} <5 (Machine learning), 27| 7] 2 (Long short-term memory), A| 3 2 5 A] 38 A (Sequence-to-sequence)
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Development of the ICT-based Enterprise Management System for
Offshore Wind Farms

T RX ZIA O] ZAM*, ZEEI*, o|MZ*
Sung Jo Kwak*', Minsang Kang*, Gwang—Se Lee*,
Seungjin Kang*, Seon Geun Lee*

| A7Ied T

Abstract : T 773 S| AFE A TA o] B9l G 2 el ] B muE e 8 o S, WA 4
o QAT F A 29 AL Eolv] $Itel YEYD /U B Qe ALWE T,
Aol MAZE A WA B AL AR WS Ak AAAY RUEY A LE
o 7)Aol W2 A 2 L WA HAAY AN 7%, AR AT BUE Y ALY fA 1S 2
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=

Key Words : 3} A& 2] 24 o X| (Offshore wind farm), 3j4F 2F = U ¥ 7] (Offshore operation monitoring), A€l 7
Al 2 Y E] % (Condition monitoring), &&F 32| X U ¥ & (Logistics monitoring), £3} &9 2] A| 2 Hl
(Enterprise management system)
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Experimental Evaluation of Air-conditioner Performance with an
Indirect Evaporative Cooler
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Abstract : 7155 o[ L] 2] ARG 5 OF 40% o] o] Wkl AHgE v, o] &= o 4] e o] F
2 RO E AR Hh ofof whet A A YA LY Ao BAom ol 2 FAL o ot
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Key Words : QY HA] 28] (Cooling system), 7175 Sl 7+ 7] (Indirect evaporative cooler), o] ©] 7 (Air-conditioning),
[e)

3 3
Z] 7 & (Low power consumption) & 7] 4] € oF33/<E X & 7] (Air-based photovoltaic-thermal collector)
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REC-O-2

Analysis of Empirical Operation Results of Cooling/Heating season of
Hub Thermal Energy Storage for Bidirectional Heat trading

LS, oS, MY, FE T, g
Deukwon Kim*, Dongwon Lee*, Jaehyeok Heo*'
Joon Heo™* Kyoungchon Min**

oA 7l e d T A B ATA, FFA LS A
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Analysis of Heat Transfer Characteristics and Electrical Performance
of BIPV Systems
- Using a 3D Thermal Analysis -

* = %% * %k T
el AT Uz

Subin Jeong*, Jinhee Kim** Juntae Kim***'
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Abstract : AEY A & el =3 %1 (Building Integrated Photovoltaic, BIPV) A|AELS A& @|u]of efjofg &t
o YAIBIH= 7S Wotd, BjoFd HEo] AdE YHAEA FLEEE AE | Al ol X AdH]
AXHA S 2H S 4= Qlo] AR oY 2] ] A 2|5 97t =714 Q1 3R 7 58 @ slrh= 74 o] Sl
AT ALY oHA| AHE 552 218l BIPV A|AF] T=9]o] F71skaL gl on, E35] AEY A=) AR ==
AHEI7F S71EAL ek AEY A|ARR G2 SHO A v e AME R E 2R 5w BIPV AJAR2 H
ARt AfegRof nE 288 = gl oy AR = A5 dd 5 7S AMEERE = A dE A
52 WEeofst R 2 A8 Fojo) met Hg S drd o] depkich S 9 AL REEAS Y

o =

S Aol G Tk A9I0| DR, BIPV A8 RS HB5 ol 55h] SlahA vl 4
2 urofsto] QAL B4 AW, o2 3 BIPY BE ¥l LES AHESHE Slo] Basteh oo & ol
FolAE FhellAl 71 ol AL ALY v AR W AWCAR BPVE OR339 $1 QA
SAe sl on, A8 BIPV BE FHLES Aol A4 A% Aol o] wil i g 9 wee
B9k B, o5 ThelmE} vl BAjste] BIPV A|lARl0) GAg B4 0 S 4S psier
S, WAR BIPY A28 O] A E LS W9 PV BE thu] A) 435% Fastgon, M
2.9] 7% Zef 5.10% 45 et
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Z 5 8 (Electrical efficiency), <= £ 4] (Temperature characteristic)
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A2z a2 BIPV 34 53

BIPV Policy Trends of Zero Energy Building
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OB, daF*, UPAK, UMEY, erBH

Hyunyoung Lee*

Hyeryeong Nam®*, Kyeongsik Kim*,
Seohoon Kim*, Jongbin Park*
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REC-I-1
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Domestic & Foreign Market Status on Convergence System Using
Photovoltaic-thermal Module

l

H

2R R
Byung—yong Mun*', Sung—goo Cho*

(2 o] W 22 4] 225

>
Z
g

Al

==

A A AAA o A 2 S50l 2k A E A fR Yo 0503 g
THe Ads] st e FEoM 2EHE whEIl o] & A3 fl8to EP G CO, A
e o W AYSHL ok AT 2 YA AREFE A9 AibS A S e dF
9] getastel tisto] w2 W0l 7l&of XAl jlen, Al A2 Aol vE
53] AE7Hs e AU A LR AA NI A E o] &7t A& W At Fore] s o
sto] A A A o2 W A2t Hga YT g o] o] o X AL Qlt. o] 2| gt F=Af of] uhaf ':PH =k
HAY A A A AL =7} 51 53 }i%@‘ﬂ*VH’%‘ v Aol AA 8= glon, &
drgo A A A5 A AT = A= PVT B R ES o] &3 A &F 0] A AlA —.Sl

ow FA8HA Hgol ﬁﬂﬂ—l— U dFgolth B3 S| EH I PVTY 53
&% 38 K E 9] Final solution® 2 A g =531 Qlch. 2 Lo A= ] PVT Fﬂ/‘l
/\E“J Al s W A 7] s ol of tfshe] w=5FaA; gtk

il
m
§9
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vergence system), % & S}(Electrification), 41 2} A4 o]| 1 ] (Renewable energy)
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Performance Analysis of Solar Air-water Heater with Heat Pump
System Under the Various Operating Mode
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Key Words : EjF < 3 7]-& 714 7| (Solar air-water heater), 3] E 3 3 (Heat pump), 4 5 4 4=(Coefficient of perfor-

mance), & 5(Water heating), & & & (Thermal efficiency)
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AL 4 EX B
-1 0
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Analysis of Performance and Characteristics of Air-source Heat Pump
System with Air-type PVT System

* = %% = el kkkT
doF*, dXE™, AEE
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*TJinhee Kim** Juntae Kim
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Key Words : 3 7] 2] PVT A 2 8ll(Air-type PVT system), &7] &Y 3] EH i A AEl(Air-source Heat pump system),

2]
Al 2 A1 %] (Demonstration experiment), 4 554 (Performance analysis)
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HAZAS B4F HP-AFEY NEFT Yuk A2
34 2aAo] 97

Study on Optimal Control Logic of Solar Geothermal Heat Pump
HVAC System with Fuzzy Logic Control

* * = * O = *T
ZRE, ololE*, MEIY, Y2H

Yu=Jin Kim*, Euy—Joon Lee*, Hyungki Shin*, Eun—Chul Kang*'
*KIER o | A g4
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W oA W A mE A b A8 7 S 2, A B U X he) A AR e
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Key Words : Solar Collector(E] ¥ & & 7)), Geothermal (X% &), Heat Pump (3| EH ), 37] U Pk
(Ventilation, Heating and Air-Conditioning; HVAC)
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Recent Trend of International Renewable Power Cost & Analysis on
Domestic Renewable Power Generation Cost

o|Zcy*f
Keundae Lee*'
“o 2| AA A7 Aol 2|42 oA
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Key Words : A A o] U] x| 2F A H]-8-(Renewable power generation cost), Ef 93327 H]-8(Solar photovoltaic power
generation cost), 32 &% H|-8-(Wind power generation cost), w5 3Hd A H] 8-(LCOE: Levelized cost of
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Energy Prediction using Data-driven Reduced-order Modeling

S
Sung Goon Park*'
* M | Set 7| ARFE s
Abstract : 5% X = E A (Dynamic Mode Decomposition, DMD) ®} 5 -2 H] A A A" B35}
L g AR E = £5FA ¢ P E 0 2 Koopman o] 22 7|HFe & 3131 Qlth, A]7lo] whE do] g Al
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52
o
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Key Words : o] ] | of| = (Energy Prediction), d] ©| €] 7] 4} 7+ A2}l & @ (Data-driven Reduced-order Modling), %5 2]
& = F A (Dynamic Mode Decomposition)
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Introduction of Future Climate Projection using Pseudo Global
Warming Approach

OlRIF*, LAY, UTIY*, 2E*
Minkyu Lee*’, Changki Kim*, Jin—Young Kim*, Donggun Oh*
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Key Words : =% &3 (Numerical model), CMIP6(Coupled Model Intercomparison Project Phase 6), ]2} 7] & o
(Future climate projection), ] & 7] %~ & d](Regional climate model)
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Physical Sensitivity Study of NWP Model for Offshore Wind Map
Development

QEHM ARG URI|*, AR
Donggun Oh*', Jin—Young Kim, Chang Ki Kim*, Hyun—Goo Kim**
AR ol H A SholJ A 7w A, FF A YA At A oY A7 s At

Abstract : 20U 7] ©] %8 40 Aol ubel, SAEL AN va] U We R T8} gfm
W A G50 7heE s AT of ti g WA o] SrbskaL ek ofof whet, 7] &0 £ H A
o oS Egehl vkt A =B A0 R Shastol AU WA A AR 9% AR A
Awel Fol Mastth B APL HEY MEAE TES 918 23 7145 2 Numerical
Weather Prediction, NWP) & 0] A3l & AR 7] 7] 93t 8|4 WA =5 AT dor ¢

& xg3l= J99 H]-aﬂ AAE 98] ZF2 7|4 @l WRF (Weather Research &
Forecastmg) RS ARSI, AA 202 = f1H 5] 714 R AE(ECMWE) 7L A58t
BRAS A3 44 & 28 SFalel. S B o] o) 314 A B E o) chbe A4 B4 B o
o) )9} u] kgt

Key Words : 3|43 & (Offshore wind power), B} & X| T=(Wind map), <= 2| 7] 4} o] 2 (Numerical weather prediction)
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Assessing the Reliability and Optimizing Input Parameters of the
NWP-CFD Downscaling Method for Generating Onshore Wind
Energy Resource Maps of South Korea

LR A, AR dHES* AT, gryz
Jeonghyeon Kim*, Hyungoo Moon*, Jin—-Yong Kim**, Keon Hoon Kim**
Hyun—Goo Kim**, Sung Goon Park*'

AT 7eteha 7| AR s Ak, FEgk o Y R 7| Tt A A ol | A A
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Abstract : %] o] 2 X 2l (Numerical Weather Prediction, NWP)-2 Z 2 X = JL=of &8 5= 3
S S o)L, A} B L, SRR A o] Eol 5 Qe 1elehA R o gl
2 7]

Ak g o] H| & A AF8-A| & SH(Computational Fluid Dynamics, CFD) 2] 7 A % 71 © & +-8-3}r}, Oli Q1§
NWP o] SHA|H S 55T 4= Qlon, g B3 2| o] §4F FEAUA = 5o &84 ¢
ATH 2 Ao A= AA =4 dlo]El, NWP 7|8k ¢ o] §] 2 NWP-CFD 7|5t glo|E| & JFH o &2
H| 18}, NWP-CFD Al 4bof| AHE-E] = Al 7FA] =8 o W H=(5= 2 3F H A 2T 7] A ziin,
ZhE 247 Adin % 2 23w o] ) EA5haA) gk *‘xﬂ =74 dlolE ek vl g2 u,
NWP 7149t glo| &&= &2 AY-S oF 30% oA} o 37 3k= HhH, NWP-CFD 7|8t o] &= oF
8.5%9] QA5 HATh Azmndt Adir> Zito) v X = F3Fo] HAuh, = 8|4 Aito| & FFS
T, g A o] EAof wheba A A Al S g 2 8t= A o] e st

Key Words : % A8 & 8H(Computational fluid dynamics), <= %] ¢]] }2.(Numerical weather prediction), 5= %] o] .- AF
A & SHINWP-CFD), 4l 2]/ 7 Z-(Reliability test)
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Development and Application of MXene (Ti;(;X) Related Electrodes
for Photoelectrochemical Production of Hydrogen and Oxygen

s
Gyoung Hwa Jeong*'
“Sharol | A g el akal of L 2] FehR

Abstract : MXene is one of the most actively researched 2D materials in recent years. MXene is a 2D
nanomaterials composed of alternating metal and carbon/nitrogen layers. The physicochemical property of
MXene varies depending on the type and amount of molecules covered on the surface. Generally, MXene has
very high electrical conductivity and can be combined with various metal compounds. Therefore, it is used in
various fields of semiconductors, electronic devices, sensors and so on. In this presentation, we would like to
introduce various new synthetic methods for synthesizing complexes using Ti-based MXene (Ti3C,X) and the
research results of using the synthesized MXene complex for photoelectrochemical hydrogen and oxygen
production. First research is on the reshaping of MXene by using a light source like as pulsed laser to create a
complex structure. The synthesized catalyst is difficult to synthesize through a common wet chemical process,
and the second is to use MXene as a template to induce 2D structures. And then we introduce a method to easily
synthesize 2D MXene/high-entropy composites. In addition, we would like to mention high-entropy compounds
used as a part of photoelectrochemical catalysts. Finally, we explore the possibility potential of MXene as a
photoelectrochemical catalyst and propose an eco-friendly approach without generating HF, a ultra-strong acid,
during fabrication of MXene from MAX.

Key Words : ™ Al (MXene), 334 7|3}8+4 Z=ul] (Photochemical catalyst), =4~ Ay AF W3- (Hydrogen evolution
reaction), A4 BFAY HE-S- (Oxygen evoltion reaction), 11l E 2 1] &2 (High entropy materials)
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Synthesis of Small Organic Molecules Via Electorchemical Methods
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Key Words : BF2-2=3](Carbon neutral), 74 7] &+ A (Electrosynthesis), $}3}+7 5 4| (Chemical precursors)
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Exploring the Effect of Using g-C3N4 as an Electron Transport Layer
in Perovskite Solar Cells

MEa
Dong Han Seo*'
ET P EREE Pt

Abstract : Controlling the defects in the electron transport layer in perovskite solar cells are important aspect for
effective charge collections, as well as guaranteeing the high performances in perovskite solar cells. especially
widely used electron transport layer materials such as tin oxide (SnO») often exhibit surface defects which could
degrade the charge collection efficiencies and resulting in degradation in perovskite solar cell efficiencies. In
this work, we aim to utilize graphitic carbon nitride as an effective adlayer to mediate the surface defects in the
SnO, which improves the device performances in many aspects. moreover, such defect mediated graphitic
carbon nitride/SnO; based electron transport layer has demonstrated promising device performances in indoor
perovskite solar cell applications.

Key Words : graphitic carbon nitride, tin oxide, electron transport layer, perovskite solar cells
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Photoelectrochemical Solar Energy Conversion with Tailored
Nanostructures

.
Uy
Jung Kyu Kim*"
*AFesta steletat

Abstract : Harnessing solar energy through photoelectrochemical (PEC) conversion stands as a promising
avenue towards sustainable energy production. Tailored nanostructures offer a pathway to enhance the
efficiency and functionality of PEC devices, presenting opportunities for advancements in solar energy
conversion technologies. In this invited lecture, we delve into the design, fabrication, and characterization of
nanostructured materials for efficient solar energy conversion. Specifically, we explore how the manipulation of
nanostructure morphology, composition, and architecture influences the performance of PEC devices. Through
a combination of experimental insights and theoretical considerations, we elucidate the underlying principles
governing the photoelectrochemical processes and highlight key strategies for optimizing solar energy
conversion efficiency. Additionally, we discuss recent advances in the field, including novel nanostructuring
techniques and emerging materials, and their implications for next-generation solar energy technologies. This
lecture aims to provide a comprehensive overview of the role of tailored nanostructures in advancing
photoelectrochemical solar energy conversion, offering valuable insights for researchers and practitioners in the
field.

Key Words : Photoelectrochemical Cells
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Renewable Energy Policy Directions

gzt S
kang—hoon Park*'
Hgharol| | gt Al A Al

Abstract : tj5f 5L AR A A FO] AR ANIAE FFES 272 RPSA 2= 27
AU A g BHitell 710 Slot, o Y u]g 57k A A A el Q] el o= 5 dAE
stol, Alat A A= Al & S A Al Ad e HEES Al Jlﬁﬂ
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Key Words : 4l 2| A8 of| 1 X| (Renewable Energy), RPSA| &=, 73 ul] 4| = RE100, €] &F3%, &9
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The Status and Forecast of Domestic and Foreign Solar PV Industry

Pt
SR
Gyuchang Jeong*'
RSHERA FARE

Abstract : ] @F3F A1 -2 2] 52 Q1 W @7} 5, Net Zerog A, of Y #] gt R 7&-@% el A Al A A
o2 407k SHofE R oL, ok WRA W AL ST BT AW AR5, v W BU
A A WA AL AT A FE RAT BT DAL BFAE shop v ehm
F5 244 S A A0 T

Key Words : €} 9833 A< (Solar PV Industry)
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Regional Co-prosperity RE100 Standard Model Project for Industrial
Complex in Chung-ju
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sung—min Woo*", Young—dae Ahn** Jang—Byeong Hoon***

* A Ao A AE, BRI, R g R

Abstract : %1 4] 42 0.2 R85 3 )= S Al 9, BSG 4 4Ehs 719 LR
A= A o] @oloF AU 7| ¢ E ESG = thoFsl o] 9 & RE100 2Fo] = shoj| 5} 1L 9 on, A=
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Development of Renewable Energy Zones Analysis System for
Renewable Energy Plan Site Policy

Hyedin Kim*, JooYoung Moon*, SungHo Park*', HeeKyum Kim*,
Jaeseop Lim**, Bongsuk Choi**, Sungsu Yang®, Seunghee Kim***
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Power Electronic System to Ensure Fire Safety of BIPV
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Building AT BEMS in School Facilities
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A New and Renewable Energy Optimization Design Plan for Zero
Energy Building
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Analysis of G-SEED Acquisition Status of Multi-residential Buildings
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A Retro-commissioning Process Proposal for Effective
Greenremodeling of Existing Buildings

*xT o * =|%%
ZAFY, 2L, Y3

KyungjooCho*', DongwooCho*, DaeheeJang**
[ A7e AT AR 7L, PR d A7 s AT ASATER

Abstract : The prevalence of aging buildings in Korea underscores the urgency of implementing sustainable
strategies to curb carbon emissions. Green remodeling has gained traction as a viable solution, with the
government spearheading various initiatives to incentivize such practices. However, despite these efforts, the
actual reduction in greenhouse gas emissions has been modest, prompting a critical examination of existing
methodologies. One of the primary challenges impeding the efficacy of green remodeling projects is the
inherent complexity of the process. Unlike new constructions, green remodeling involves a multitude of
variables, often leading to oversight in crucial aspects such as documentation and post-construction
maintenance. Furthermore, meeting the diverse needs of building owners adds another layer of complexity,
necessitating comprehensive monitoring and performance analysis throughout the project lifecycle. However,
these critical steps are often neglected, undermining the potential impact of green remodeling initiatives. To
address the aforementioned challenges and enhance the effectiveness of green remodeling projects, this paper
proposes a retro commissioning process tailored specifically for such endeavors. Retro commissioning involves
systematically evaluating the performance of existing building systems and implementing targeted
improvements to optimize energy efficiency and sustainability. By applying retro commissioning principles to
green remodeling projects, stakeholders can identify and rectify inefficiencies, ensuring that the intended
environmental benefits are realized.

Key Words : Carbon emissions of existing buildings, Greenremodeling, Retro-commissioning,
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A Study on Operation Scheme of Solar System and Fuel-cell in
Detached House
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Building Energy Policy to Reduce Greenhouse Gases:
Focusing on New York and Seoul

Zoj&*, R718*
Yeweon KIM*' Ki—-hyoung Yu*
T Ad7edd

Abstract : Due to ongoing climate change, there has been a rise in economic and human casualties caused by
extreme abnormal events. In Korea, following the establishment of a carbon-neutral scenario, the national
greenhouse gas reduction target for 2030 was set at 40% (436.6 million tons CO2eq) compared to 2018, aiming to
achieve carbon neutrality by 2050. The central government has devised a strategy to reduce greenhouse gases in
both existing and new buildings through plans to promote green building initiatives, thereby working towards the
goal of carbon neutrality by 2050. As a pivotal task for new constructions, it has laid the groundwork for
promoting private Zero Energy Buildings (ZEB) and mandated the green remodeling of public buildings. The
goal is to introduce, in this study, a comparison of building energy policies at the city level to mitigate greenhouse
gas emissions from existing buildings. New York City began regulating greenhouse gas emissions from buildings
earnestly through Local Law 97 in 2024, while Seoul City plans to implement a full-scale building greenhouse
gas cap system in 2026 after a pilot project starting in 2022. The policy commonality of the two cities lies in their
initial implementation of a reporting system to verify building energy consumption, along with the introduction of
a greenhouse gas emission rating system for each building based on this data. Additionally, targets are set and
tailored for buildings of certain sizes and uses with the aim of reducing emissions. The difference lies in the
approach taken by New York City, where, from a certain point onwards, the design focuses on reducing carbon
emissions from the supply rather than the buildings themselves. The results of this study can serve as foundational
data for Seoul's greenhouse gas cap system, which will be institutionalized in the future.

Key Words : green remodeling, green remodeling, building energy policy, existing building energy
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A Study on the Evaluation of Energy Loss in Residentail Buildings
for Urban Carbon Neutrality
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Design and Demonstaration Plan for a SkW Building Integrated
Photovoltaics PV System

o
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Minseob Kim*** Sungmin Youn*®* Min—Joon Park** Eunae Jo**,

Kiseok Jeon** Jinho Shin**, Eunbi Lee**, Yu Jin Kim**, Chaehwan Jeong**'
RAEetn A7)geta, et gar s d Y v AU T1E

Abstract : The global rise in anomalous climate events due to climate change has led to extensive research on
zero-energy buildings worldwide. Building Integrated Photovoltaic (BIPV) systems not only exhibit lower
energy efficiency compared to conventional solar power generation systems but also compromise the aesthetic
appeal of buildings. Therefore, the development of modules with both aesthetic design and high power output is
crucial to expanding the installation and supply of BIPV modules. In this study, patterned glass and colored
glass were utilized to ensure aesthetic design. Additionally, Shingled Photovoltaic module fabrication tech-
nology was employed to produce high-power solar modules. Building upon these technologies, a demonstration
system for a 5 kW integrated high-power Shingled solar module was constructed, suitable for application on
building facades and roofs, measuring 2240mm X 12900mm. To facilitate the research, vertical, horizontal, and
tilt illuminance meters, as well as module temperature sensors, were installed on the demonstration system.
Real-time meteorological data and power generation were monitored and analyzed through a monitoring
system. The comparison and analysis of the actual energy generation compared to the predicted energy
generation, obtained through pre-simulation, are expected to enhance the accuracy of energy generation
predictions.

Key Words : A& YA & g oF34 24 A] 2 Bl (Building-integrated photovoltaic PV system), Z 2] €] %33 & & (Color
PV), 42 = t] 2} QI (Shingled design), , W &l €} ¥4 & & (Pttern PV), = U €] & A] 2~ & (Monitoring system)
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The Study on Energy Retrofit Strategies of Low-income Households
by Field Demonstration Test
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A Study on Outdoor Air Preheating Performance of Window-mounted
Ventilation Unit Using Solar Power
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Improving Visual Comfort Using Automation of Glare Measurement
and ECW Control
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Regional Patterns of Offshore Wind Energy Variability based on
Global Reanalysis
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£ 60.9%—708% B S S shgirh 2ol §7]FwskEof FAFEE 2](COP28)e] A = 20304
A AU A LGS 3WZ S AR S F AP YA 1F el th3t huf ¢l
greo] et olof i AAFE ) AL A W FHE A Asty] A FRAY, BA A, 1
gn VAR E Lejste] AAUXZ B Aotk £ AT oA Ak 209 o4 FeA)
Qo) 370 54 90 A7 7ke] WE4 S Sl skt A8 ¥ o] & 8] ol 4 X 2 (Global Reanalysis) =
FHOo Al AL X AL A A E s as) et

Key Words : 3| A3 & (Offshore wind), A 3}] 41 A} & (Reanalysis data), A]-& 7} 5 Al (Spatiotemporal variations)
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BoFd e &43 500W-F £ PVT-0RC ¥4 BE 44

Design of S00W Small Scale Photovoltaic Theraml-Organic Rankine
Cycle Power Generation Module using Solar Thermal

PARS PSR == E
Ha Seong Kim*** | Young Won Kim*'
A7 e ATl WA Y e T4E, FFgheFieta 7| A shE

Abstract : 7 M A A o= 3HA Am ndw A 23t FA = e A& e A a9
717 ko] E a sttt oo 2 Ao A= e FF & F 3 (PVT, Photovoltaic Thermal) 3} 5-7]
71 AFo] Z(ORC, Organic Rankine Cycle)< 2 3Hst ﬁ\_ﬁé PVT-ORC ¥4 2 E5& A A54G9t B8 &
2 500W= A A3t o, 223 PVT-ORC ¥4 X2 PVTEHE 34 7?‘5@ doH A& &&35
%Th ORC A}o] & A A= SoftinWay A} MCYCLED:% AH-&-sto] A A5 o, PVTE RH 3|4 7}
T 5 42 SiemensAte] STAR-CCM+ Z = 71913 &3l £4 OP@‘E} s A= HeE Yy
2 oF g 7 R1234yf, R1234ze(E), £7}2] W= v 510 1, GWPS} ODP7} Wit A o A o] o
e 545 71X HFO-R1234ze(E) = *P‘lo}oﬂ ORC Ato| & A A sLo ) Atol & 24 AA A}, of
57%8 dago] =EEGloH, 5 &Y 500WE 1L2sto] HYle -2 11.5bar, F3F2
0.056kg/s2 DA = Ut &3 AA| HFF d B nEZRE 353 oy A E Z-83 500w
2% ORCE A|&tsto] E|RITF 423 ORCE| 5§ Y &8 EAS AST A Aol & A4t A=
FE A HFES 83 2% PVT-ORC T4 25 78S ¢t 7|¥te] & A o= wehe o).

& I8 o o

Key Words : El| &Fof| 1] X|(Solar Energy), H & (Waste Heat), --7]3 71 A}©]Z(Organic Rankine Cycle), & a8
(Thermal efficiency)
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REC-P-2

Exl3) ulul nEo| 4% 353 BIPV A|AH
o
=2

Analysis of Thermal and Electrical Characteristics of a Window
BIPV System with a Transparent Thin-film Module

=% *
o|l=™, HEIFT,

02
02

Xl

* % =[%k%% *kkkT
Rl RIS, A ZEl

a —
Inho Lee*, Jinju Kim*, Jinyeong Yang**, Jinhee Kim*** Juntae Kim****'

e R S i e B K EERES E o

R a

e EEAEL FREET e
e R EECE ERE L L EERES B S LR

Abstract : AE LA S € %33(BIPV; Building Integrated Photovoltaic) A 812 A 2 of 1 X A

s %zl
% o732 ols) A% 2 ol et Balo] Z/H5ta Qiek A, FU AR SAA e Fu A
= lol o7 BIPV Al 259 43 o] AskAo]ch. ofo] wa, FBo|E 48T 4 Y £
@ BIPV A| 28] 9] 34lo] 51 QX e A5 BIPV A 25 9] o ol 7] 4 SA4of ofak 54

& gk A o]k & Aol Az, £ vhe 7] o] A8 H5 W BIPV Al TE A4 2511 o]
53 9L A7)H A s EA Yk,

e ¢

Key Words : B}9}F PV & E(Thin-film PV module), &% & BIPV A] 2 E(BIPV window system), 21 7] 4] “5-(Electrical
performance), GtoG(Glass to Glass) module
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3D 2o TR 2IF-67 Sue] RAWARS AT AT

ZIF-67 Nanostructures Anchored on 3D Graphene Sheets:
A Non-noble Electrocatalyst for Efficient Oxygen Evolution Reaction

Z|CHQ* Komal Patil**, MSgH**T ghzm A* =T

Daim Choe* Komal Patil** DongHan Seo***'. Jongsung Park***

*AATR Y oy A gety), **AAER YT u| g d A,
i == | EPARuin R ki gis RE PARA-18 =1

Abstract : In addressing the significant challenge of enhancing the efficiency of the oxygen evolution reaction
(OER) in water electrolysis, we report the synthesis and application of a novel electrocatalyst for water
oxidation in alkaline conditions. The catalyst is a composite material, specifically ZIF-67 encapsulated within
3D graphene sheets, termed ZIF-67@3D graphene. The 3D graphene was deposited onto nickel foam (NF)
using an inductgh mechanical stirring, utilizing cobalt ions as the central coordinating metal and 2-metively
coupled plasma chemical vapor deposition (ICP CVD) technique. The ZIF-67 component was synthesized
throuhylimidazole (2-MIM) as the ligand. Following the deposition of the 3D graphene on NF, it was combined
with the ZIF-67 solution and stirred to achieve the composite material. Electrochemical analysis revealed that
the ZIF-67@3D graphene composite exhibits superior catalytic activity in comparison to its ZIF-67/NF
counterpart. Specifically, the composite demonstrated an overpotential of 220 mV at a current density of 10 mA
cm™ and a Tafel slope of 170 mV dec”, an improvement over the 290 mV at 10 mA c¢m™ and a Tafel slope of
174 mV dec”' observed for ZIF-67/NF. Moreover, at a current density of 50 mA cm™, the composite achieved an
overpotential of just 380 mV. This significant enhancement in catalytic performance is attributed to the
synergistic effects between the metal-organic framework (MOF) and the graphene, leading to increased current
density and reduced overpotential.

Key Words : ZIF-67, OER, 3D Vertical graphene sheets(3D 4~%] 12| 3 A] &), MOF, ICP CVD
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o

Introduction and Utilization of Spatiotemporal Photovoltaic Power
Data

QAT UHYI*, YUY, 2B, YsPY

oO— , To=2 ,
Myeongchan Oh*, Chang Ki Kim* Changyeol Yun*,
Boyoung Kim*, Hyun—Goo Kim*'
o U A 7] At Al ARl el o] e A A

Abstract : 1T A= A7 &7 A4S M2
o Al Y, HdeolE, H3d 9 7lee2 & B
ool A A LS =R 2FSte & AT B TAF HolE = o
FAAT HHE & 5 o B2 &80 7hesitt. & R A=

N Al 3F g T dlol B ofl tigh S7ie 1 B8 A S AT s H ol H & gt
UA7| s Aol A AA 2 o2 A2het At m 2 A 1 A=A ph

285 ok 2 TR S ST g0l B o FHo 2-gof

fag
=

1

.

n
o
°

Key Words : €] 9833 (Photovoltaic), & A} (Solar irradiance), 7 Al % (Potential), ™ A1 2 J (Machine learning), X} X
= (Resource map)
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oA 2AE99) gl B 9 oA A A2d
8%k 7164 A 84

Design and Technical Potential Analysis of Photovoltaic and Energy
Storage Systems in Campus Parking Towers

EX|o, zear
Jimin Hong*, Yosoon Choi*'
= B kol ST IS PP S el Sl

=

Abstract : 20231 7€ 5L 71 AP H o] Aol A 2 AR A& ol A AR Al 2| Soll A%
5 A=Y S AXNA G A7) FaANA R S5 5 =S AR NG EH A nhebA
B A Ld A AYabE e oA AR Al LF ol AR F 7R S A ofl &85}
cHYE HED Yk 2 Aol e Sd R A S o2 B gg T o | A A%
Aago] =dH 7MY FAEYE AASHL, e FA TS A AT M L0 33 2l
= A AAL, e HAI ol whE THA GFS 24 sk FAE ol AAE g wd e 2
71, B A, AR WS AAst Ao Bl gg B F ol A A Al A" A DS 0]-8-5ke ol
A Algdol e 3T A, FAER ol A AAZE 278 MWhe] g o] YAtE 4= Qe Aoz 4

2] S8 kW<l ofo] 245 7|2} 7] Azt 6,850tH, UZE 18T & & 4=

oft

A EAF S AV S 852 SIS o ©F 96,560 -

Ae Folth. 7L BAA 7H A= A
133 2oz #A =3

ojw, ojAteteta TS A=

r
& e

Key Words : B 9533 24 A A (Photovoltaic system), of| U] X] #] A A] 2Bl (Energy storage system), S&A}ERS
(Parking tower), 7] 4 2] & A)| & (Technical potential)
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[ RER-P-3
39 SR HRE AR Tl 24}

Review of Offshore Wind Resource Simulation Techniques

AXGT, 2EA*, AR, Yol

*

Jin—Young Kim*', Dong—Geon Oh* Chang Ki Kim*, Hyun—Goo Kim
oo U A 7] At Al ARl e o] e A

Abstract : 3} /FFHA DA == FEH D HANY, = 7F A A 5 A9 Rt 7ot & A+

2 I 5FE HESIL AP S =25k Slth 5 7HE s S = A A
HAG (dup=), vl=, L2)aL d2o|H, ol 55 5
519 3PS BAsgT) VB0 T ZTEAYUA T E2] FF
FE 98l A A VeS¢ Tl Qlrt o] 59 /i A2 G E S A E 4
W} FF R-n A g R 2 9 ﬂga‘o‘)]‘ﬁﬂ a9 mdy S HES A8 A guitt o &
NSRS ] R s R S ) 0 B R s =stal Sejuet F3 545 LEshe] 3

we B
ro
Hl
N
N
rlr n
:10

ol SH AL oo A8 male] ol 84 A2 A0l Al A
FEHOR, ol e FAHNS Welsto] H A9 FAWHL FuA AFo] AYFHES G
A7) B3 RS ARA AT AT ALAFA RO Bl

Key Words : 3432 (Offshore wind), =2 x} X = (Wind resource map), <=2| 3l 4 (Numerical model), &3
(Europe), 1] = (USA), &+ (Japan)
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RER-P-4

B 71 DE dolHle] S P G
34 2d 24 97

Use of Diffusion Models for Enhancing the Resolution of Satellite
based Solar Irradiance Data

__rLI|_E,_* ti'}%%**,***’r
Jiyoon Ku*, Hyeong—Dong Park*****f
AR o YAIA| 2R F e AT Skl of U x| A} 55t
#ak ] 2o shn o U X AP AL 7| 4 ol A

Abstract : SIAFF o 22 ¥ of o A W e] E&A T AAA Bel Fash asolch Ak o
Zo & AAR Hlof Bl % T do|Elok 22 914 ]uk ol el 7k 41 Y I 8g sHAIu, ARt
HER o) AU 2N S S| ol e Ba Tk 914 Hlol g B8 ) A2 =)
el BUah] R Aelo] 2712 Aasie. oS nalol AL gol/] AdAE wo

B3 o 2A gto g Hl oL A A EE A= &A= (Super-Resolution) 7] ¥ o] A}
%%EP-:’-EW% e B2 298 @4 Sl= Aol ol tEEL ool EE s ket 2
Qlof o2l ¥iztst= YAt ol Q] AA| @A;-S vk st= o shAZF ok F 2 G4 A g FEofoll

A g8y 78k o] 4 2 d(Diffusion models)©] #] 3] *JEQ} 1’8]]/}}5 glo]E] AFo] Q] o] Z2E Z A
FEES Tl shGoto] e E AH o2 YA = U=

2 dAFolA= ol fFd RS 914 71Nk ARE glolE g H%E ?%Vb“’ﬂ 75.% b&ﬁ , 7]

W g ged 7 JEGH”E 7]‘:”4—4 IJ—’LE ol i nde A g Ut AdS B

Y EE FFA 7= ol 28 A Al

15 fA S A EES m}aai DA o Sl A el el o 2A o
2o HFEE Folbd AHHA 4TS T 4 ﬂgna,ffo@c}o@ 914 714t dlol el o] sh A o
Aol = 289 4= 9k,

Key Words : & Al of 2(Solar irradiance prediction), T] F% X @l (Diffusion models), ¢4 & A}5F(Satellite based
solar irradiance), 9143 % A+ (Satellite image), 2 3] A+ &= (Super-Resolution)
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| RER-P-5
Fago} AFAYolE F4 14l A4 2 A3

Production and Verification of Wind Speed-up Ratio
as a National Core Data

2R ZARIG* AR, A
Boyoung Kim*', Jin Young Kim*, Chang Ki Kim*, Hyun—goo Kim**
oo U A 7|t ARl Elol g A A, gk oY x| 7] At Al o U A A4

Abstract : F-2 2t H7h= T TALY o] A At Aotk 53], 7 ASAH
(Met-Mast) H| o] 5| 7} F-2 A H7te] Slo] 7 Al=|E 4= Ql= dlojH Yol e E51aL, 1 A3
H|-§-o] oF 19} Yof| Dol= aL7bo|tt. 7| A e AX|stal 54 24 191t 3 led 1 24t
7hEA gobd 2 & v EH]§-o] = A oft. whehA ’éi] AR A A HHg Ao E A S
3 e A9l A% 0] o] Washeh ghael u 4 7] AT AKIER)S 2 AP, 1w 4 sh 4]
& (wind speed-up ratio)5 =77} 4 T o] ¥ = 37 0?‘2“12‘34, o] g o] ¥ = 100m x 100me] 371 3} %
w=9F30% 0] ZHE FAME 2 A TE T B o o] A= 40, 80, 120, 160, 200m 2] THFSt 11 of A A T
H 272 g o] & vtE S 2, CFD(Computational Fluid Dynamics, A AN G- 938 7|2 &835
of g atE 3t F5 7HESHE A4kl oh B3, 200m F5 H ThES S ARESke] W
LA o & FASHL, HFTH == o] T 75 H| £ ERASS] 200m 5<% H| o] H & &-&
3Fod 40, 80, 120, 160, 200moj| A 2] =7} &8 A =& A4 e Aot o] 3 At Zxt
DAY AL g &4 2 ag4 Ad &8of 7o Ao w 7ot

w2 oX

i
=

o 1y 1
=i

0.

l‘ oJ

l—J

rlr ru{
ol o
1% o

Key Words : 7}<:H]-8-(Speed-up ratio), & AF-5#]] & F(Computational fluid dynamics), 2 &} (Wind resource),
Z| & & T}(Terrain effect), 3 2] A} ] T=(Wind resource map)
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RER-P-6

HFELdA(Csp) % HEIE A 5F
(IEA SolarPACES A|1052} %3] ¢|¢3])

The Trend of CSP & Solar Fuel Development in IEA SolarPACES
(The 105™ SolarPACES ExCo Meeting)

Zesr, AT, AXG* UEFE* QI EE* A
Yongheack Kang*', Changki Kim*, JinYoung Kim*, Boyoung Kim*,
MyeongChan Oh*, ChangYeol Yun*

#ghaol U X 7] £ A7 Y

Hyungoo Kim*

Abstract : SolarPACES(Solar Power and Chemical Energy Systems) has played a formative role in CSP
research from the very earliest days beginning in 1977, and the role has widened as the market for dispatchable
solar has become more defined to today’s commercial deployment at full-scale.

The SolarPACES Executive Committee (ExCo) is responsible for control and supervision of the SolarPACES
Program as a whole. Individual members of the Executive Committee represent their national Contracting Party.
The SolarPACES vision is that these concentrated solar power (CSP) technologies contribute significantly to the
delivery of clean, sustainable energy worldwide. Under the International Energy Agency (IEA) Technology
Collaboration Programme (TCP) SolarPACES coordinates international researchers and thermal solar industry
experts in conducting research.

To realize this mission; SolarPACES coordinates and advances concentrating solar technology research, by
focusing on the next generation of technologies; by providing information and recommendations to policy
makers and by organizing international conferences, workshops, reports and task meetings.

In this paper, CSP & Solar Fuel trends are introduced in term of contents of 105th SolarPACES ExCo Meeting.
(2023. 10.09-10.14, Sydney Austrailia)

Contents of this paper are each task (solar thermal power, solar fuel, test guideline, insolation, water treatment)
issues and country reports.

Key Words : Al Al of| 4 Z] 7] FL(IEA), &l 9F & 27 (Solar Thermal Power), Bl 9F4=2~(Solar Hydrogen), Ef %F & ¥4 3
3 9] 9l 3] (SolarPACES ExCo Meeting), 11 4] 33 €l & & 24 (CSP, Concentrated Solar Power)
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ESS&SC-P-1

AN WEElE 43 0|59 ESSY Was) g 2
S ESEN

Peak Load Response and Carbon Emission Reduction Effect of
Mobile ESS Using Reused Batteries

ZEME*, olZ2g*, Zolg
Jaehyun Joo*, Keunhyung Lee*, Misung Kim*'
*Srarskel gt Al E A

Abstract : 2] o] £ B 2 (LBs)= 7] Abol 2 47, B o YA WE, & 28 68 5ol ggow
Q15}o] 17| ZHE AL} of U] 4] 4 4 4] 2 G (ESS, Energy Storage System)©. 2 9] A} EERI AL
o U 4] T 712 o] ] A7) AHEA vl €] & A ALg-sho] ESse] e )9S T4 5T 2857
915k A2 4 Qlek AV AE AL el 2] 24 ALgE o] EOL(EndolefeH 7 %0] 7
0.2 9136 ol Fel Aol o] A5 wel ) ol ] kol B el 71 712kl 2

@aksl/) el 4404, B3 ol 48 AFE P Ack el A4S e F4 L A

2 e gto] whe} v 2] o] Aol L} 3 A o] st o] BhA) AbmLe 01017;1 4 gleh B3]

Tl A% M e A A B A sho] MESSE AT 49, 4 7 A3t 229 Fol 7t
WAL To] wr el A o 2] Al o] e Al W A2 A7 AT wekA, ol elg kA 1 of
A Aol o 8-517] 18l 27 7HA) W U E P A AH L A8 o] 53 of i x| A RA A8 A 2ts}
A% 59 o] 5 o U A AAA L8 0 AA A B gk v & A7 o] o) ke gLk,

K or

Key Words : 2] & ]2} E 2] (Lithium-ion battery), ©]5 & o ] X] 4] A A| 2~ ] (Mobile ESS), S} ¢ A| (Fire suppres-
sion), A A+-&- vl ¥ 2] (Reused battery), £t 4~ #] 7+(Carbon emission reduction)
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ESS&SC-P-2

FHIEA(PCM) & o83 FolvA| A% | s 7Ie
e

Development of Thermal Energy Storage and Performance
Improvement Technology using Phase Change Material (PCM)

%!g_)'\_*’r, leo**
Seongsu Kim*', Jonghoon Lee**
gttt g7 lsdA T, *Hekol| |y A 7| =E7Hd

Abstract ¢ F 2 | Fo| A Lnv= tfFE GO FHIE 2H|(51%)% 2L 0‘2‘% 2 Ay ol | 7\]% 5
e 3w 10% W & ol &3 (Source : REN21, 2022)}t}. A of| A 2] o] gt £ ff el A= *é
= T35S P_’ A71F4dS A8 Yt A=A 71Nt 7|e = A7) &% oAU A A7« 1
Aotk Ao v A B A (= F)S Hes AL I AL o2 S8 Aol 2o Oclojl
A flloJ A = Agsto] A-AE-Fwofe &85 gfjst= Ao M AET 7|&olth
o X A7) 5 (As-is) A ol H A o] Al F et 3HE 913 LiB(E3H4), (=2 4)Y A
o] FFolul, (To-be) 2+ g1 AUET} =2 A(EFHIEH A% 7]<(Thermal energy
storage, TES)7]| o] o] o] X]aL Qlvh. A4 WAl A QA A, A4, shehihg dA4do] 3o
], A 3} & (Phase change materials,PCMs)S A}-8-3}+= 2F<E * %} (Latent heat storage, LHS)-S 52
ARistel 2 oA dr W A7 Yo 2 Qs A AR ET ¢ w2 A 7R E 7HA L
Aot G A A2 Core &2 (Water gel, Salt Hydrates, Paraffin 5) 7] &3 & el QF 4 -AMH i‘r/\ZH (Form-
stable PCM), Capsulation, T1-2-3.¢} =¥, 18] 11 3}o| B8] = = B34 (HyNPCM), B 3 2 2 A]
Aol g sttt 59] AH7eS YR E oY A7t FEE = AS WA 9 P W a3t
st & i o PCM 2 & go] &&= Aot 284S 933t 28 Arees AU ES
(Sodium alginate) 5-©] == A& ™, A o] 5 A 4] tﬂi}% Z2Ast= sA E aES EHE
AR 717N #2503 ol

Key Words : & of| 1] X] | A (Thermal energy storage), A} 3l& 2] (Phase change materials), 73l W Z & 7|4

(Encapsulation and coating technology), A €] #] & & (Sector coupling), A 5 X] 3 (Performance indicators)
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U zdE giadu9 A7j2Fod JHE 274
H]QE 7} BiVO,/WO; U2E0] 93k PEC A% M}

00

Enhancement of PEC Performance via Periodically Arranged
BiVO4/WO; Nanorods Fabricated through Nanoimprint Lithography
and Electrodepsotion

O|SP*** Z|Z&* HIEZSH** 0| X|a|*
Hoyoung Lee*** Jun—Hyuk Choi* Jong Hyeok Park** Jihye Lee*'
7| A AT Ui e AT o AAE, FHF A et Bk v g st

Abstract : 3371 7] 3FSHPEC) E&all= B dS E83 55 Eallstal 45 AYArshe FA414 W
Mo FEUT gk | A AL 5(WOs)E B E st 24 58S Al 55y, v A uh

ol EBiVOy)= & 4b3} ®EZoll A3t F& 545 231 ok 53], o]FF+=Y
BiVO,/WO; nanorod= BIVO4——] 6}74] ol o sejo] BA A g2 ZESIY T, 2| Hog AAE Y
e FAMER 2 E o] &8 W F4E 24kl PEC 45 FAAIF T @A, AW A FA
= HW# AgteE 4 ?1011 et AL7F FE o] F AL Qo B R, =2 PEC 5 FAI5HHA o
Ud?ﬂﬁ} o4 e A7 2asith & OS_?LOﬂAiL UL ZE g ihagajel A7]232 7|6S
&5 T7l X* oF HdE WO, Y28 o= A2sla, o] 9o BiVO,S 9 3lo] PEC &
ool &gttt 71 o m i dE WO e 2 E 9] o]0 i E FF-2E S5 77
o7 HHOEﬂEl BiVO/WOsnanorod®] PEC A-5& &elsl$ict. 7§31}7§, o7, FU|HoE vjEdH
BiVO/WO; U =2 E = 7| & FH 5 720 vl &3 PEC J5S Helom, fHd FdT A

A S0l = PEC A ASH7E A A 02 Ao A2 salsher,

Key Words : U=¢ ZHE ] A 718 1] (Nanoimprint lithography), % 7] ZZ}(Electrodeposition), & 2~ &l Alo] =
(Tungsten oxide), H] 22 skt o] E(Bismuth vanadate), 7 7] 213} =43l (Photoelectrochemical
water splitting)
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Controlling the Size of Nanoparticles of BiVO4 Photoanode for
Enhancing Photoelectrochemical Performance

OIXI&I*, YBto|***, ZZuy*s

Jinye Lee*', Hanyi Im*** Jongbaek Kim**
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Key Words : & 7} (Thermocompression), A3} H] A F E vlLgE (BiVO4), 33 9F=H(Photoanode), ¥ A} = 7] (Particle

size)
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Comparative Activation Analysis of Nitrogen and Nitrogen Oxides
Reduction on Bismuth Catalysts via Computational DFT Studies

O|ST*, CIEfE*, HQZEI* Z|ZOI* ZENS** ZQIE*** Zxgr* A2+
Dong—Kyu Lee*, Tae—Yong An*, Yujin Jeong®, Dongin Choi*,

Tae—Hoon Kim**, Min—Cheol Kim*** Jung Kyu Kim*** Uk Sim*'
“Frao || g et FH A St Al g oHE, R A ot Al A shR

Abstract : The exploration for efficient methods to produce ammonia, crucial for fertilizers and hydrogen
energy, has led to investigating alternatives to the energy-intensive Haber-Bosch process. Electrochemical
ammonia synthesis, where the choice of catalyst is pivotal, presents a promising avenue. Bismuth, owing to its
distinctive electronic properties, particularly its p-electron configuration, has surfaced as a potential candidate.
Addressing this, our study employs density functional theory (DFT) calculations to delve into the ammonia
synthesis process on bismuth surfaces. Through a fusion of theoretical insights and experimental validation, we
elucidate bismuth's selectivity and propose strategic coordination strategies to enhance the electrochemical
reduction of ammonia. This study underscores the potential of DFT calculations in optimizing bismuth catalysts
for electrochemical ammonia synthesis.

Key Words : & 2319 k-8 (Nitrogen reduction reaction), 2 2~ AFSHE 39 WF-8-(Nitrate reduction reaction), H] 2 F-E
U} 9] 2} (Bismuth nanoparticle), '@ &= ¥ 3} AJAHDFT calculation)
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Low-cost CuFe Catalyst for Electrochemical Urea Production from
Nitrate and Carbon Dioxide

Z|ZI2*, QEHE*, d&F*, xS2l*, A
Jinuk Choi*, Tae—Yong An*, Hyojung Lim*, Dongin Choi*, Uk Sim***'
“Fro || gt of A A5 sHE, FHFdAfo] A

Abstract : The global urea market surpasses $131.54 billion in 2023 and continues to expand. However,
conventional urea synthesis heavily relies on Bosch-Meiser processes, employing CO, and NH; under harsh
conditions, contributing to over 1% of global energy consumption. To address this challenge, attention has
turned to electrochemical urea synthesis, offering cost-effective and environmentally friendly production
methods. These electrochemical production methods could utilize renewable energy sources such as solar, wind,
and tidal energies. Electrochemical urea synthesis from nitrate (NO;") and CO, demands enhancements in both
the NOj5 reduction reaction (NO3RR) and the CO; reduction reaction (CO,RR).

In this investigation, low-cost CuFe nanoparticles (NPs) serve as catalysts for urea electrosynthesis. Copper
(Cu) and iron (Fe), abundant earth metals (EAMs), demonstrate promising catalytic activity for CO,RR and
NOsRR, respectively. The disparity in work function between Cu (4.7 eV) and Fe (4.5 eV) prompts electron
transfer from Fe to Cu, inducing a positive charge state in Fe (§ ") and a negative charge state in Cu (6 °),
facilitating the adsorption of NO;™ onto the Fe surface and CO, onto the Cu surface.

We present CuFe NPs as catalysts for electrochemical urea synthesis from NO; and CO,, demonstrating
excellent electrocatalytic activity and Faraday efficiency. Synthesized urea is detected via the DAMO method,
with NMR analysis revealing a distinctive peak corresponding to the C-N bond.

Key Words : Zulj(Catalyst), 1% 2 4 (Green Urea), C-N 2% &4 (C-N Bond Formation), Elj%Fofd Z] (Solar
Energy), %l 7] 3} &}(Electrochemistry)
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Eco-friendly Ammonia Oxidation on a Bimetal-based Catalyst Based
on the Combined Effect of Ni and Cu for Hydrogen Production

X * * * *, % kT
R XHO| II_-ilzll_IH , x|EO| Al S *,

—_—

Chanmin Jo*, Minseo Jeon* , Dongin Choi*, Uk Sim***'
*d%"ﬂﬁxl*ﬂrtﬂ Shal ofju] 2] sHE, #H @ Afo] 9l

Abstract : Carbon neutrality is important for sustainable development. Hydrogen is receiving attention as an
alternative energy source to fossil fuels to achieve carbon neutrality. Hydrogen is a good energy source, but it
has weaknesses in transportation. Attempts are being made to improve this by using hydrogen carriers.
Ammonia, a representative hydrogen carrier, is attracting attention due to its high transportation efficiency and
established transportation infrastructure. This ammonia can be decomposed electrochemically, which competes
with water electrolysis. In theory, more effective hydrogen generation is possible compared to water electrolysis
based on an ammonia oxidation reaction with low reaction energy. In this study, NiCu based catalyst containing
non-precious metal catalysts Ni and Cu was manufactured and the ammonia oxidation reaction was confirmed.
Based on the NiCu based catalyst, we present the possibility of using ammonia as a hydrogen carrier in a more
sustainable and eco-friendly way by utilizing solar energy, a renewable energy, in this hydrogen energy
conversion process for non-precious metal-based catalysts.

Key Words : =4~ A AF(Hydrogen production), 4=2~ 7| 2] ] (Hydrogen carrier), &% 4 o} A3 Ammonia oxidation),
o it U o} A 3fj(Ammonia electrolysis), H] 7 =< 7| ¥ Z 1l (Non-precious metal based catalyst),

T Corresponding author, E-mail: usim@kentech.ac.kr
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Sustainable Electrochemical Ammonia Synthesis Using Molybdenum
Dichalcogenides Catalysts

o| .{*i xl;qo*i "|E°|* EI%*T
Hyojung Lim** Jinuk Choi**, Dongin Choi* Uk Sim*'

oI A T oA Bo

Abstract : Ammonia (NH3) plays a vital role in various human applications, such as fertilizers, pharmaceuticals,
and carbon-free energy fuel. Current methods of ammonia production mostly use the Haber-Bosch method,
which results in high energy consumption and environmental burden. As an alternative to this problem,
electrochemical nitrate reduction reaction (NOs; RR), which is energy efficient and environmentally friendly, is
gaining attention. Moreover, if the electricity required for ammonia synthesis can be obtained from sustainable
sources such as solar energy, electrochemical ammonia synthesis becomes a sustainable option. Molybdenum
dichalcogenides are employed as catalysts owing to their two-dimensional structure, large surface area, and
adjustable electrical properties. Nonetheless, these catalysts encounter issues like low electrical conductivity and
high hydrogen evolution reaction (HER) activity. To address these issues, reduced graphene oxide (rGO) is
added to improve NOs RR activity and selectivity. MoSSe/rGO catalysts exhibit notable yield rate of 3511.9 pg/h
cm? (at -0.6 V vs. RHE) and 70 % faradaic efficiency (at -0.2 V vs. RHE) in 1 M KOH and 0.1 M NaNOs solution.
This research not only aims to produce ammonia by eliminating environmentally harmful nitrate but also
utilizes solar energy for sustainability, advancing our understanding of sustainable electrochemical ammonia
synthesis.

"Hyojung Lim and Jinuk Choi contributed equally.

Key Words : U o} 3} (Electrochemical ammonia synthesis), 13 ¢} X U] o}(Green Ammonia), 2!

7] 3}8}2
2} (Nitrate reduction reaction), B}l &F o]] 1] X](Solar energy), X <75 A (Sustainability)
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Development Cmposite Catalyst Electrod of ZIF-67 and IrO, for
Improve the Efficiency of Oxygen Evolution Electrocatalysis

ZHIS*, MEBH, BrE 4

Seyeon Cho*, Donghan Seo*** Jongsung Park**
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Abstract : In the oxygen evolution reaction(OER) of typical water electrolysis, electron and O-O bond are
formed through the multiple electron transfer steps. As a result, OER is a significant factor limiting the overall
efficiency of water electrolysis. Therefor, developing OER electrocatalysts is essential for enhancing the
performance of water electrolysis. Over the past few years, noble metal-based catalyst(e.g., Ir, Ru, Pt, Au and
Rh), transition-metal-based catalysts(e.g., Co, Ni, Mn, Fe and Cu) and metal-organic framework(MOF) based
catalysts have been investigated as a electro-catalyst for OER. Here, we have created a composite catalyst by
combining IrO, nanoparticles with Co-based zeolitic imidazolate framework(ZIF-67) to induce synergistic effects
in the catalysis of ZIF-67. Furthermore, ZIF-67/IrO, was attached to the Ni foam(NF), which is known for its
excellent OER activity. For manufacture electrodes, we applied two different approaches. the first approach is
stirring and hydrothermal method of pre-synthesized IrO, nanoparticle, ZIF-67 precursor materials and Ni
foam(IrO,@ZIF-67 NF). The second approach is pre-synthesized ZIF-67 powder and IrO, nanoparticle solution
conducted slurry process to attached on the Ni foam(ZIF-67 IrO2_NF). We found that the overpotential of the
IrO,@ZIF-67 NF was 386mV@50mA/m?, and that of the ZIF-67_IrO, NF was 320mV@50mA/m”. SEM/EDS
analysis confirmed that ZIF-67 IrO, NF had more IrO, nanoparticles attached on the Ni foam on average than
IrO,@ZIF-67 NF. Therefore, we achieved stable and effiective attachment of IrO»@ZIF-67 onto Ni foam
through hydrothermal synthesis. However, it is estimated that the slurry process of ZIF-67 IrO, impoved the
catalytic active surface area through high selectivity and dispersion of IrO, nanoparticles.

Key Words : Oxygen evolutio reaction(OER), Co-based zeolitic imidazolate(ZIF-67), 1rO, nanoparticle, Hydrothermal,
Slurry
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Post-treatment Induced Anisotropic Growth of MOF-derived Surface
Modified Heterogeneous Catalyst for Efficient Oxygen Evolution
Reaction

ZQZEI* Komal Patil**, HfZA**+f

4TT — ,
Yujin Jo*, Komal Patil**, Jongsung Park***'
7 R R | L5 ST RS A DA =l Bt T b ot a2 o T AR 3 5ol g [l e
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Abstract : In this study, introduce a novel method for synthesizing Co-MOF directly immobilized onto a Ni
foam substrate via hydrothermal synthesis, departing from conventional powder-based techniques with binders.
This direct attachment approach yields robust Co-MOF@NF hybrid catalysts efficiently. Subsequent treatment
with sodium borohydride introduces oxygen vacancies into the Co-MOF structure.(Red. lh Co-MOF@NF). The
resulting material, Red.1h Co-MOF@NTF, exhibits significantly enhanced oxygen evolution reaction (OER)
activity compared to pristine Co-MOF@NF. Notably, Red.1h Co-MOF@NF shows a reduced overpotential of
235 mV to achieve a current density of 10 mA cm ™2, compared to the 300 mV overpotential required by pristine
Co-MOF@NF. Moreover, the Red.1h Co-MOF@NF catalyst displays exceptional stability, maintaining a
current density of 50 mA cm™2 for over 48 hours, underscoring its promising practical applications. This study's
integration of direct hydrothermal attachment, oxygen vacancy engineering, and enhanced OER performance
represents a significant step forward in the development of efficient and stable electrocatalysts for energy
conversion applications.

Key Words : <=7 f|(Water Electrolysis), Z2FE 7|4t MOF(Co-MOF), 4=< $+A] 7] ¥ (Hydrothermal) I} ¢F(Over
Potential)
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Understanding the Heterogeneous Interfacial Property of

Multi-component Catalysts toward Efficient and Durable Water
Electrolysis

O
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Dongin Choi*', Jinuk Choi*, Subramani Surendran*, Joon Young Kim***
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Abstract : Contemporary energy demands urge the need for cost-efficient, sustainable, and eco-friendly energy
resources as an alternative to conventional fossil fuels. Hydrogen, the lightest and most abundant element in
various forms, is considered the modern fuel resource and achieves carbon neutrality since water is the final
combustion product in hydrogen-based energy systems. The green method of hydrogen production is the
electrochemical method of water splitting via hydrogen evolution (HER) and oxygen evolution (OER) reactions
at the cathode and anode. However, a critical requirement for outstanding catalysts is an ability to boost the
kinetics of a chemical reaction and durability against electrochemical degradation. Recent research focuses on
improving electrochemical electrodes by controlling interfaces between nano-porous support structures and
multi-component catalyst composites. This study explores using porous materials like zeolite to optimize
electrode performance. Adjusting interfacial properties facilitates efficient charge transfer, minimizing
degradation during water electrolysis. The investigation targets interactions at the heterojunction interface,
aiming to drive advancements in electrochemical electrode technology for water splitting, which is crucial for
sustainable hydrogen production. Hence, by utilizing the abovementioned approaches, we aim to realize and
articulate the local interactions at the heterojunction interface to develop a next-generation water electrolysis
system compatible with the existing infrastructures and commercial competence.

Key Words : =2~ 2 AH(Hydrogen production), &5 3| (Water splitting), U= Th-3-4] & 2 f(Nano-porous material), A
A~ 2F R HE-3-(Oxygen evolution reaction), Th3 A ] ] 5 2 (Porous support structures), 0] £ 4| <1 €] #| 0]
2~ (Heterojunction interface)
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Design and Performance Analysis of Axial Turbine for Small-scale
Organic Rankine Cycle Applied to Solar Thermal Collector
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Economic Feasibility Analysis on High-temperature Hat Pump with
Various Heat Sources
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Key Words : B ¥ & ol 4] X|(Solar thermal energy), A| & ‘1l (District heating), 112 3| E 3 3 (High-temperature heat
pump), ¥ & (Waste heat), = 7] A Ak(Steam production)
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Reuse Demonstration using Graded End-of-Life Photovoltaic Pannel
through Characteristic Evaluation
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A Study on Indoor Output Prediction Using Simulating Radiant
Method Considering Incident Angle Modify of PV Module
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Stability Simulation Test Under Actual Operating Condition of
BIPV System
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Properties of Hydrogenated Silicon Nitride Thin Film and Its Impacts
on Solar Cell Fabrication Process
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Abstract : This study investigates the influence of a-SiN:H films, produced via plasma-enhanced chemical
vapor deposition of SiH4/NH3 gas mixtures, on solar cell efficiency. It presents an analysis of the optical,
structural, and passivation properties of a-SiN:H films across various compositions, followed by the fabrication
of solar cells incorporating these films. A comparison is then made between the efficiency and characteristics of
these solar cells and those featuring Ag shunts. The intrinsic performance of a-SiN:H films in practical solar cell
applications, particularly in diverse configurations, remains relatively unexplored. Notably, the Si-rich a-SiN:H
film demonstrated a significant decrease in film density and exhibited shunting upon contact with Ag, despite its
relatively high hydrogen content. This shunting effect was evident in various parameters, including the I-V
curve, shunt resistance, and Ag spike size. Consequently, the efficiency of solar cells employing a-SiN:H films
was found to be predominantly influenced by the fill factor. This research underscores the critical role of film
composition in determining solar cell performance and emphasizes the necessity of addressing shunting effects
to enhance overall efficiency.

Key Words : a-SiN:H films, plasma-enhanced chemical vapor deposition, solar cell efficiency, film composition
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Research on Minimizing Output Degradation in HJT Cell Separation
Using IR Laser Scribing
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Abstract : One of the current innovation trends in the solar industry is the increase in the size of silicon wafers.
As the wafer size increases, the series resistance of the module rises, highlighting the need for research on
separation methods of cutting-bonding solar cells. Among these, the Infrared (IR) laser scribing technique has
been extensively researched. However, there is still insufficient optimization research regarding the thermal
damage caused by lasers on the Transparent Conductive Oxide (TCO) layer of Heterojunction solar cells (HIT).
Therefore, in this study, we systematically varied conditions such as IR laser scribing speed, frequency, power,
and the number of scribing to investigate their impact on the performance of separated cells under each
condition. Additionally, we conducted a comparative analysis of thermal damage effects on the TCO layer
based on varying scribing depths..

Key Words : 235 34 (Cell separatlon prosecc), A Al g o] A (Infrared raser), ©]EHTE EFHA XA

(Heterojuntion solar cells), & 7 &= A] AF3}-E(Transparent conductive oxide)
T Corresponding author, E-mail: dmsql6048@kitech.re.kr
7]

QAT 2021 E AFIE AR R o] )0 2§30 %) 7] &7 7} UKETEP)] 2] €1& o} 43 o 4]
Yt} (A H 3 2 20213030010240)

oo r}m ol

<215+



20249 SHREUOILIXIERS] EAStE Y H2((2024.4.17.~2024.4.19.)

PVE-P-6

A W33 U U 949 B3 9 & Aol s

Multi-channel Transport with Inter-digitated Electrode-enabled
Flexible Transparent Heater for Multi-functional Optical and Thermal
Regulations

ol U=ESY
Junghyun Lee*, Joondong Kim*'

#QdojstaL A7) 2w}

Abstract : Transparent heaters have numerous energy applications, especially in buildings and vehicles. They
offer significant advantages due to their low energy consumption, making them an energy-efficient heating
solution. Additionally, their transparency enhances the visual appeal, and their high infrared reflectance reduces
heat ingress and egress through glass, thus helping to maintain indoor temperatures.

In this research, we designed transparent flexible heaters with various structures based on the Joule heating
effect through multi-channel transport with inter-digitated electrodes (IDE), suitable to low-power utility with
high performance. The approach to increase heat generation is by decreasing resistance and increasing current
flow at the same applied voltage. Multi-channel silver (Ag) metal-oxide composite generates heat through the
Joule effect with high visible light transmittance and infrared reflectance. By depositing Ag on a transparent
conducting oxide (TCO) layer, it is possible to form electrodes that serve as a medium for efficient heat transfer.
The research evaluated each transparent heater structure’s electrical and optical characteristics and compared the
results to assess their suitability for window applications. Among various heater structures, the OMOMO
(Oxide/Metal/Oxide/Metal/Oxide)-IDE heater performed the best, with average visible transmittance of 69%
and infrared reflectance of >90%, and rapidly rose to 191°C when 3V was applied, showing its promise for
energy-saving windows.

Key Words : 3913t =1 3] E](Transparent flexible heater), 3 2} 4 =-(Inter-digitated electrode(IDE)), HE| A d & &
gt Z &} o] 5 (Multi-channel electrode transport), OMOMO =3 (OMOMO design), o X] A oF A&

(Energy saving window)
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Design and Application of ITO/Ag/ITO/Ag/ITO Multilayer Structure
with Effective Control of Electromagnetic Wave Function
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Abstract : Effective control of electromagnetic waves is critical for efficient energy utilization and other
relevant applications. In particular, the active management of long-wavelength infrared (IR) radiation would be
useful in energy conservation and military defense. Herein, we propose an efficient approach to control the
electromagnetic waves of light by suppressing the short wavelength range of UV light and long wavelength
range of IR light while maintaining visual transparency to human eyes. For effective infrared control, we propose
an OMOMO (oxide/ metal/oxide/metal/oxide) structure in which metal oxides and metal layers are deposited on
an OMO (oxide/metal/oxide) structure. The novel hybrid structure of metal and metal-oxide films are alternated
to form multiple ITO/Ag/ITO/Ag/ITO interfaces. To confirm the features of the IR control interface, the optical
and electrical properties were investigated in terms of transmittance, reflectance resistance, and electromagnetic
interface (EMI) shielding efficiency. The ITO/Ag/ITO/Ag/ITO multilayer structure exhibited an excellent
optical transmittance of 65.43% and substantial reflectance of 94.02% at long wavelengths. The overall EMI
shielding was highly effective, reaching 40.59 dB. This suggests that functional transparent films can be
adopted in military, energy, and transparent device applications.

Key Words : ¢l 54 4t8H=(1TO), (Ag), 2124 AR cut-off), 1 A}7] 2} (EMI shielding), A} <] 41 =}
(UV-blocking), ITO/Ag/ITO/Ag/ITO & E(ITO/Ag/ITO/Ag/ITO film), 54 3 & (Transparent coatings)
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Analysis of Changes in Transmittance of EVA Sheet by Temperature
and Humidity Aging
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Microwave Dielectric Heating Method for Manufacturing Silicon
Nitride for Advanced Recycling of Generated
from Waste Solar Modules
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Research on the Installation Methods of Solar Power Plants for Power
System Stabilization
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Study on Interfacial charge extraction and Recombination Kinetics
in Perovskite thin films
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Abstract : Perovskite solar cells (PSCs) have emerged as a potential candidate to produce state-of-the-art highly
efficient (over 26% power conversion efficiency), and low-cost device manufacturing. However, the efficiency
of these PSCs is still limited owing to their undesirable non-radiative recombination that is mainly caused by the
various trap-states and energy losses because of poor charge-carrier characteristics. Mainly, the state-of-the-art
PSCs suffer from either lower mobilities or higher trap-densities. Hole transporting layers(HTLs) can modifying
by side chain substitution and by changing the length of main chain. So plenty of research is being done on
HTL. Therefore, our work presents a comprehensive evaluation of the impact of the mobility, thickness, and
doping density of the hole transporting layers(HTLs) for PSCs. Herein, we specifically investigated the impact
of the HTLs thickness on the photovoltaic characteristics and charge-carrier dynamics of PSCs through
optoelectronic analysis. These analyses are based on the combination of compositional and structural
engineering analysis to prepare efficient HTLs of perovskite film. From these analyses, we tried to introduce the
basic guidelines for the optimization of HTLs to prepare highly efficient and stable PSCs.

Key Words : 337 £-4 (Optoelectronic analysis), Al 4 3} =& & A (Interfacial charge extraction), H| 2 H A 7}o0| E

(Perovskite), Bl %7 A] (Solar cell)
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Leakage Current Analysis of Silicon PV Module Components
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Development of Silicon and Valuable Metal Recovery Technology for
Recycling End of Life Photovoltaic Modules
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Optimal Solar Cell Sorting Method for High Module Production
Reliability

Minseo Kim* ** Yong-Jin Kim*, Yunae Cho*, Sang—Hee Lee*,
Min Gu Kang*, Hee—eun Song*, Kyung Taek Jeong*, Sungeun Park*
*Korea Institute of Energy Research, Photovoltaics Research Team,

#*Korea University, Department of Energy and Environmental Policy

Abstract : In photovoltaic module manufacturing processes, it is essential to achieve high production reliability
of modules based on the given cells with scattered characteristics. This study aims to investigate optimal cell
sorting method to minimize the deviation of module power via simulation analysis. We consider the given solar
cells to have different electrical characteristics with Gaussian distributions and ideal interconnections. We
examine resultant power distributions of modules for various cell sorting methods based on various cell
parameters such as maximum power current, maximum power voltage, and maximum power of the cells. Our
simulation shows that the average powers maximum of the modules in different sorting methods have a
marginal difference and the mismatch loss by the different cell characteristics is not a key factor to reduce the
module reliability, but the standard deviation of the maximum powers of modules can be largely reduced by one
order of magnitude if the cells are sort out based on the reference of the average power maximum of the
participated cells. Our study will provide useful guidance for cost efficient and reliable photovoltaic modules in
the manufacturing process.

Key Words : PV manufacture, cell sorting, mismatch loss
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Investigation on Optimization of AlOx Passivation Layer for
High-performance p-PERC Solar Cells
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Abstract : Surface passivation plays a crucial role in achieving high efficiency in silicon solar cells. In
particular, an AlOy passivation layer has been an exceptional choice as an excellent passivation material by its
low interface defect density and high negative fixed charge density. This study systematically investigates the
electrostatic properties of the AlO, layers buffered by SiO, and passivation characteristics of the composite
layers. We found thickness of the buffered SiO, layer significantly influences on fixed charge density and
thermal stability during firing processes. To achieve high quality of surface passivation, we optimized the
annealing temperature and gas environment conditions. These findings are expected to contribute to the
advancement of highly efficient photovoltaic technology by providing a useful approach for designing
high-performance crystalline silicon solar cells.

Key Words : 1] A #]] ©] A (Passivation), 4 2] & €} &F 4] %] (Silicon solar cell), A 2] & A3}4} (Silicon oxide layer), 11
A 7 3} (fixed charge), € 2F4 4] (Thermal stability)
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Optimal Choice of n-type Wafer for Industrial High Efficiency
Silicon Solar Cells

Cheolwook Kwon*, Soohyun Bae*, Sanghee Lee*, Hee—Eun Song*,
Hae—Seok Lee**

*Department of Photovoltaic Research, Korea Institute of Energy Research

Mingu Kang*, Sungeun Park*, Young—joo Eo*'

**Graduate School of Energy and Environment, Korea University

Abstract : The solar cells efficiency is continuously increasing in PV(photovoltaic) market. High-performance
processes are being added to achieve high efficiency. As a result, commercial high efficiency solar cells mainly
use TOPCon (tunnel oxide passivated contact) and SHJ (silicon hetero junctions) structures. As passivation
properties improve with the addition of high-performance processes, wafer performance has a significant impact
on cell efficiency. Wafer performance is represented by bulk lifetime and bulk resistivity. In this study, we
investigate the effect of wafer performance on solar cell performance. To determine the effect of the wafer, the
effective lifetime is calculated based on changes in bulk lifetime and bulk resistivity. The effective lifetime to
which wafer performance is applied is converted into solar cell electrical characteristics such as efficiency, Voc
(open circuit voltage), and FF (fill factor). The impact of the calculated wafer performance is discussed through
the bulk lifetime/bulk resistivity ratio. The impact of wafer performance is verified through cells made of SHJ,
an actual high-efficiency structure.

Key Words : Silicon solar cell(A 2] & €] 97 A]), N-type silicon wafer(NE} ] A 2] & 9 o] 1), Wafer specification( %]
o] 1 A}oF), Carrier lifetime(7] 2] 9] 4=), Resistivity(H] #] &})
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Energy One-stop Platform Design for Smart Energy Grid Implement
at Chung-cheong Bukdo
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Sungmin Woo*', Woojun Nam*, Jinho Choi*
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Abstract : &£ 9] & A 2 2] 2 B = Digital & Safety & Development & Al A XSS Ex 2, X5 At
$E40 Sibiolselal 551, A Ul of A B A9, el 9 ohd 19 A5 ok
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el 5 of B9 v, SAAA VAL Y el A8 A Sl
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oHg 7515 B510], (FTEAOIU A AL 9 Aujol ek IHE-7 el el e 7] 7]
1ol oA BAYLE BHBsto], VA EE B, LA B3 EE D A
o},

2 o pidk fok o ﬂllo

o
2

Key Words : A 0}E 78] & (Smart-grid), 5 -2 % Z 2 Z(Integrated Operation Platform), 27 2F of| 2 (Power outputs
Predict), 7}AF2E A 4~ (VPP)
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Enhancing Passivation and Thermal Stability of AlOx Layer for
High-Efficiency Crystalline Silicon Solar Cells

S|k, Rk *% S|*k* * % * % * % * %
dEeo[*™ EZ™, o|ds™, zgof™, HZE™r, uhyg2*r, dur

_ﬁglo**f 7|7|_3:|*T
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DoHoe Kim*** Yongdin Kim**, DoHyung Kim** SangHee Lee™*,
YunAe Cho** KyungTaek Jeong™*, SungEun Park*™*, MinGu Kang™*,

* kT

Hee Eun Song**', Ka—Hyun Kim*'
e Edt e Yty HEghto| U A 7e At Herd At

Abstract : Aluminum oxide (AlOx) has been extensively investigated as a passivation layer in silicon solar cells
due to its ability to provide field-effect passivation through negative fixed charges and chemical passivation
through hydrogenation of silicon surface, simultaneously. In this study, we explored thermal degradation of the
AlOxlayer deposited on a P-type crystalline silicon wafer during the firing process. To mitigate AlOx-
degradation, we introduced a buffered silicon oxide layer (SiOx) underneath our AlOxpassivation layer forming
SiOx/AlOxstack. We compared the passivation properties and thermal stability of the AlOxsingle-layer and
SiOx/AlOxstack after AlOxdeposition and subsequent thermal annealing at different temperatures. Our results
demonstrate that the SiOx/AlOxstack exhibits superior passivation and thermal stability. Furthermore, we found
the higher temperature of 670°C is required to achieve improved passivation and thermal stability of the
SiOx/AlOxstack. Our research findings provide a valuable approach to designing rule for developing
high-efficiency crystalline silicon solar cells.

Key Words : 2% & 4] 2] Z(Crystalline silicon), 3] A]#] o] A (Passivation), A 2] & AFs}2(Silicon oxide), QSSPC
(Quasi-steady-state photoconductance), & F 1] & AFS}aF(Alumium oxide)
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Analysis of Energy Data in the Doseong-ri Village Community for
Microgrid Integrated Operation System
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Sungmin Woo*', Woojun Nam*, Jinho Choi*
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Abstract : 7] 2 ulo] Z20] A¢ AR 4 Sof EAH oz Asto] it et TAT £
e o] 73 B34 4 MINLGRID Al o] 1525tof, o] & s vfol 2 gl sheja &
Qe Bt A A5y Aol uet x| o A5 e FA 7L Aeo] Bt Al Ko, AR Aol
) dlol B, #8 7 dlol €S lvko 2 AXZF 48 S BAsHE 8o B dolt)
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a2 2 E T 247h0) uhol 4 A4 @ 2udlo] € & shofat, o v X e B AL £
o 2| 2451 3} VPP ) 7Hs 4 58 A E sl

Key Words : 1}-o] 2 2 71 2] = (Micro-grid), 5324 (Integrated operation), of| L X ¥ & A= O (Energy balance
flow), B %=3(PV), A & (Geotherma)
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Enhancement Reliability of c¢-Si Solar Cells with CYTOP-based
Protective Coating
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Abstract : 22 A| 7k
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o7 otAE W Falo] A

DY AN & B0l RHHE 2A7L DS 4
2 2] &k Snail trail FAFo] BFAY ST, Ej ok Al o] & A o] HAE Y 2
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USRS N Ay | (B |
Mo R e 453} wE AA o) & AshR o]0 A wjakA 3j5HA
A A & o] g Ethylene vinyl actate (EVA) Ao] o] 1] 5}e]
oFa mE o] A48 % gt} 1 915 413} EVA Aol o] 5 5 ol5hg 5k =1 fluoropolymer
S CYIOPE o) gojol gl ol Walsh 54 Hakol i g e 4od oo oot
CYTOP & = x5k A3} &= L 5FR] k8 M-S 2 Akof| 1 2 B7F g2 23 CYTOPo| A= X359
274 71013 4 Slehs A% o 9ict. 27 ol 7} 20u m°1% A=to] T & v s CYTOP
& EEsA) R S 35 H 1 o] 7 6u mi2 F4FH ] ¥he] CYTOPO] X A& 25 5 154 m
7] okl 5] H o] 4 kS molX) oot o] A dTto] RAlY A9 A Y Aol A &
go] AstErh. Al RS vl &R gA RS u) CYTOPo] =X A& 7ol Wsls 7o) 217 o
9LOL} CYTOPO] T2 3.5 1] 918 A& 30% 2=70]) o] 231},
5 CYTOPS B b A mE0] e &0l B& A5} 2ol 7] ofsheh. CYTOPO] =2 A] 9F
AR A E BE-S &L Damp heat 1000 4|7 A1 F A3} 7% 74591 T vhe CYTOPo]
Cxd g AR 2 FAE BE) B8 Ael8-L 4% Ak B g Asts 22 42 A7 S A U
Bt eh CYTOPO| %35 %) k-2 79 12 A 50] 10% A58t 01 CYTOPS =3t 49 22
#ake] W) A 2] wolx] btk uhakA CYTOPL gjob o] A8 v 5 alo] A5t Aalel
o) 27 70 B 4= 9Lk 58] CYTOPE 4254 0 2 e oF A o upz -&o] 715ao] thoygt
ok B o] 48 7h5E Ao daH.

Key Words : PV module, c-Si solar cell, protective layer, Flouropolymer
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Design of a Circuit to Mitigate Output Loss based on Shading
Patterns for Building-integrated Photovoltaic Modules

=B, A oY
Yohan Noh*, Juhwi Kim*, Jaehyeong Lee*'
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Abstract : 2 A2 0 2 35 4318 A9le] mgel ek £A7kA jE A A4 0 4
715981 A -2 AFSFS] 5o SR 9L A A SR Wl g gol obof ek
Hopy 25 ) 3104 o] S8 AT 4 b AR E 714l AU YL, JRE 4L YA
A& o8 7| &2 23 5}o] ECA(Electrically conductive adhesives) 2 7 6} = 7]5& EjoFA 2] AH o
2ol o5 WA= &9 &S Hadeln EdE HEAASE L s 2o o8 1Y
L 18E BE S S 71§§“1 et A7 J Y = AL Qloh g, &9 of] AR H e g 1

S TS AA A g4 = Qlsto] A &Aoo 2 FHof e ¢fo] HAYstH 55 WA, AL T=

4 Hd e, A HAE oz Qs el e durdo] S L o) = AR YA Y
] 44x(shading) & 2|3 = o] B FF LA L o AT ES ASFAI T =A] H g L9
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c AT &L SR AR QR BE o uAo] THIT ZAIH SR {31 Atk 53] d=
EHST e A 28 Aso] AER HE o s AET 02 A E7] wol dRbE
A B FF Lol vl Gl o7t &2 Edo] LA 490, whebd S 9 9 32 dA/E
e T8 28 A AR 7IeS WL Heol BIPV o A3t &8 =5 BE A0 #d o
T7FdgAoltt & AT =BIPV 28 2= B g e 59 ol IE 8 e AlE
dojd Bl H S 3l shAstaL, 8 EdE Ao = Qs e = A VeS =T

Key Words : AE3% €| 9F3% X 5 (Building-integrated photovoltaic), < 2= €| %33 X -E(Shingled photovoltaic
2% =)} €l (Shading pattern), 3] 2 “d A|(Design of curcuit),, 8+ 2 ZF(Hot spot)

module),
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Effect of Post-annealing on Passivation Properties of

Phosphorus-doped Polysilicon for Tunneling Oxide Passivated
Contacts in Crystalline Silicon Solar Cells

O *, k% * 9% S|* o OH* * o AS|O*
HMEEH, 48X, AT, oldal®, zzoh*, JEEH*, Hd=2", &322,
T = T
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Seo—Woo Sim*** Yong—Jin Kim*, Dohyung Kim* Sang Hee Lee*,
Yunae Cho*, Kyung Taek Jeong®, Sungeun Park*, Hee—eun Song*,
Min Gu Kang*', Ka—Hyun Kim**'
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Abstract : Charge carrier selective contacts have been proposed as a promising strategy to enhance the
performance of crystalline silicon solar cells. In this study, we investigate the post-annealing effect on
passivation properties of phosphorus-doped polysilicon for tunneling oxide passivated contacts (TOPCon). The
TOPCon structures were prepared symmetrically on P-type wafers. The thermal oxidation process was
employed to create a silicon oxide layer serving as a tunneling barrier. Subsequently, intrinsic poly-Si was
deposited through the low-pressure chemical vapor deposition method, followed by ex-situ phosphorous doping
using POCIl;. We found a significant decrease in passivation properties at lower temperatures (< 800°C) and a
recovery at higher temperatures (> 800°C), except for the highest temperature of 950°C. Electrochemical
capacitance—voltage measurements show that active phosphorus ion profiles undergo distinctive active dopant
modulation at the two temperature regimes. Our results suggest that post-thermal treatment in the cell
manufacturing process need to be carefully managed to develop highly efficient crystalline silicon solar cells.

Key Words : 242 A2]Z €% 7 X](Crystalline silicon solar cell), thAA Al 2] Z(Polysilicon), 1 A] o]
(Passivation), 21(Phosphorus), & *] 2] (Annealing)
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Effect of Hydrogen Content of SiNy:H Layer in TOPCon Solar Cell
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Abstract : 2 A= A& gk o] A @ A = 5FbQl SiNx:H layer®] £ 4] 1} 714 ©] TOPCon
Bl <71 4] 2] passivation Bl 2 5 A grell m] A= G LAt PECVDE AR-E-0e] 350 T ~ 530
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Key Words : 3j] A] 1| ©] A (passivationr), 7| & (blister), % A3} (contact resistace), A 2] & 2! }2k(Silicon nitride)
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Lighting Energy Saving by Efficient Control of Automated Roller
Shading Systems
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n-TOTCon Half Cell 7| 2 &3} H] 2 -& M12 Mono/Bifacial & 217} 10kW-8 50 2 224225 4]
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Key Words : oF ™ g} 9F3F & 5 (Bi-facial Solar Module), N& €] % ] (n-Solar cell, TOPCon), th H 2/ &8/ 6 &
(Large Area/High Power/High Effciency), v5 3274 H] -8 (Levelized Cost of Energy, LCOE)
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Characteristics Analysis of Color Glass for BIPV Manufactured Using
R.F Magnetron Sputtering Method
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A study of Simulation-Based Structural Analysis of Recyclable
Block-Type Photovoltaic Module Frames
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Key Words : A} 7| &-&(Resource Recycling), 253 9 'd 3 9] A (Block-Type Panel Frame), €] %34 % & (Photovoltaic
Module), 4! 2] €] % 4] %] (Silicon Solar Cell), 7% 8}| 4] A] & g| ©] 41 (Structural Analysis Simulation)
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Deep Learning Application in Solar Cell Fabrication: Wrap-around
Classification in n-TOPCon
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Junhee Kim*', Han—-Jung Kim* Se Yong Park*
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Abstract : At 109 ijl— 22 goFg A9 FHE o]F4Y p-PERC(Passivated Emitter Rear
Contact) Bl &F A ] = &)L E 9] n-TOPCon(Tunnel Oxide Passivated Contact) ] &F A X| 2 A 5= 7=
2 EdlE o Wshrt 0‘011%1 Itk ITRPV 2023 2] L E of wh 2 20221 7] 2 ¢F 10%2] upAl 4 o] =
109 & oF 60%71 2] o] Aoz A 31 ¢l o] n-TOPCon Bl %A x| of] 3t & L= 23] o]
Z oF & F Q 7} 9)th. n-TOPCon H| 2} A 2| & w5 7] 9|3 4] & o] Passivated Contact(SiOx/n'-poly-Si)
& Zasld 2 BAolA dEe) FeioE S| Hi 0|2l wiap-around7} WA E T,
LPCVDo]| H] 3| PECVDZ} wrap-around 482 & A 5] W3 7] = s} A vt o] [ 5] WAL = o] o] &
AANFE Aol Bastth $2E A $4 F waparondo] 45§55 T 915 o4
H] 2 A] 2~ 8] (Machine Vision System)2 7] 2k} ¢ o} 7] @hal v Al 8] 4 A| A 88 -85} o] Wrap-around
7h = AR ST e A HEY o A] HolH & FAAI7|AL Al 7t H S 7R o2 F 59 =
A2 BReteh 218 al o|n| A i (augmentation) - 197) AFo= A H A-FA AT
(Convolutional Neural Network)Ql VGG-19(Visual Geometry Group-19) ©]-8-3} o] & ¢ (Training) ¥
% (Validation) A1 3591 e. 1] 3 £2 9 A %0l T Wi 285 4] 9L o]u] A do] €] 2 o] g5}
of B2 AT A% AR} A JIE ] Ao|7l A4 BLL sk Thik, B E o
o k7 Fohi 2o A7) 9leS Bt o] Eelo] S8 olu]A] tlo|E 7 HEA] A
U 32 ol 27 1019 o= 25513 glof olo] gt 70l ATt Bad Ao Azt
=

Key Words : 52 g 9A X (n-TOPCon solar cells), ™ AIH]Z A]2~El(Machine vision system), 3§o]Z}&E
(Wrap-around), g 2 g (Deep learning), VGG-19
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Effect of Daily Power Generation and Pattern According to
PV Placement Direction of Solar Power Plant on
Power Grid Load Balance

B, Ha@r, UsY", a3

. Jeong*, Dongyoung Kim*, Hyukgeun Song*'
#(F) ol o] A o A atol L A

Abstract : B g 0] 7F G510 @ AR o] SUbskAL, Y Fgol g2 olde F
AL Qe TRy ol Hrof ofsl A B T o] A MEtHA dYAE EFode =
g oo 2gota ey & Aol s B Edae] HE v A HdE S8 AHAT &%
o E¢HY &S ol Aasty a9E duA Tk 2 ASS TR AL HAF HolHE
7IHEe 2 o] & A staA; ey A5 A Ao 4 FHE L ALE TAF 27, 95T
17], &% 1712 7 2.88kWH A A5} aL, v al S 97t A A 57 171 & 15.36kW A 2| 3} A . &
AR 220229 1956 20231 128707 AP Aeh. ALE SHL] HAFS AN E=
AT A0, BdA eI - HF 2 7| TG S B G et g2 25 1
Aoll, E A2 g =72 23 94, 25 4A]of o] A& et mhEbA E A
B 2 FHE TAas 7Y o T WAF F7F A AitE = B 7] 9
] =1.2] dFFe] A71E dHH =2 FHdfor oh=

!

o Z28b ANE FALT) ok dlol g Al e} Zol

Ao A felat wkg /e 5 ek
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Key Words : %L & 1l x| %PV placement direction), I = 2} (Peak extension), 4=2] & ] %F3(Vertical PV), %1 &
A5 &< (Power grid operations)
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22 97 % Moz 23y 719 x]L}o T A AgBiS,
dhato A 9] g3kAe] 27 47

Investigation of the Sulfurization Condition for Thermally
Co-evaporated Ternary Chalcogenide AgBiS; Thin Film

= =% A SL** oJ % S{ol* == Ak Rk T
FEs®  Haa™, ddE, Mg 345 Y

Minho Choi*, Suwhan Kim**, Sangwon Kang*,

Hyeongwon Seo*, Jongsung Park***'

e e S A [ Bl PO B e o s S = L S T A B S e e

Abstract : AgBiS, photovoltaic devices have recently attracted significant attention in the fileld of
photovoltaics due to their optimal bandgap and high absorbtion coefficient. However, their manufacturing has
been limited to a solution-based process, which hinders scalability and presents challenges in producing
large-area devices. This research demonstrates the moderate sulfurization temperature for achieving optimal
composition ratio. The initial process employed a compositional engineering approach, wherein precursor
powders of Ag,S and Bi,S; were thermally co-evaporated. Thermally co-evaporated method with the powders
was optimized for ideal Ag/Bi composition ratio. then we carried out sulfurization for optimal sulfur
composition ratio and crystallinity. Sulfurization at 200°C for 10 minutes, displayed the most favorable high
crystallinity. Consequently, we achieved a noteworthy power conversion efficiency of 1.52% and an
open-circuit voltage of 346 mV. These findings pave the way for the production of AgBiS, thin film
photovoltaic devices using the thermal co-evaporation method, both in research environments and for
commercial applications.

Key Words : AgBiS, thin film(AgBiS, ¥9), Sulfurization(3}+3} & 74), Thermal co-evaporation(‘5-A] & 7| A S2FH),
Composition ratio(Z 4 H])
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Enhancing Efficiency in Carbon Nanotube Electrode-Based Perovskite
Solar Cells through Interface and Thickness Optimization

* * kT
TARAR, A4

——

Gao Shan Shan* Seong Sik Shin**'
At et Al AAfgetat, At et Ui akst) 5 gkt

Abstract : Perovskite solar cells (PSCs) have attracted extensive attention in recent years owing to their
advantages such as high-power conversion efficiency (PCE), low cost, and easy fabrication. Conventional PSCs
face challenges such as high cost, poor stability, and the need for vacuum deposition processes because they use
precious metals or transparent conductive oxides (TCO) as electrode. Carbon nanotubes (CNTs) are an ideal
alternative due to excellent conductivity, low-cost, and stability. However, its efficiency is very low compared
to metal electrode. In this study, we propose new strategy to improve the device efficiency employing the CNT
electrode. We discovered that perovskite thickness required for CNT and Au electrode-based PSCs is different
due to differences in reflectance between traditional gold electrodes and carbon nanotube electrodes. Thus, we
systematically investigated the impact of perovskite film thickness on device performance in Au- and CNT
electrode-based PSCs. Furthermore, we optimized the perovskite film thickness and the interface to improve the
device performance in carbon-based PSCs.

Key Words : Perovskite solar cells (] 2 B A 7]-0] E €l 9F A A]), carbon nanotubes (BF 4 L} 1= H), power conversion
efficiency (G& A H 2 & &), electrode (=), Interface optimization (4] H %] A 5})
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goptd RES 93 9 Fa) 04 7|49 A5Usl0] B
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A Study on Performance Evaluation of Thermal Management
Technologies for Photovoltaic/Thermal Module

o] =[* =5 * =* T *T
0| # 3 , =y , o|2l= , S0A

Wonhee Lee*, Joohyung Roh*, Minjoo Lee*, Minsuk Kong*'
s altshL Av - 43t
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Key Words : e} 9833 & (Photovoltaic/Thermal), & 32| (Thermal management), Wi T & & 4=7(Bendable absorber
plate), %+ & A X = (Phase change material board), 5] E 31}-©] 3 (Heat pipe)
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Analysis of Defect Type of Deteriorated Solar Module

ZEtE* | SxHE*, o|™*, MHA* L0t
Han—Yeol Kim*' Jae—Hyeok Hur* Jeong—Eun Lee*,
Myoung—Geon Seo*, Su—Mi Yang*
2ok 180)u A 3ok
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5 = = O
=3 Yo BEY A5A7E 5U $43¢ B4

An Analysis of the Operational Efficiency of Older Solar Modules
through Empirical Research

O™, ZUSHE* FIRHE*, MF*, L40l*

+

Jeongeon Lee™', Hanyeol Kim*, Jaehyeok Hur*,

Myounggeon Seo*, Sumi Yang*
= | ARk o RS P Peioni

Abstract : 200001 T, U} ejoY 75 WS o] RAK o2 NFYO A B LA Lol
@ B A A 410] TS S50, ool 1k e 5 thopd m B Wkl T8 A
om o AR T ¥ Bk BES AR A D AAE 7% glo] i g E 1 3
O, ol ALS] A, 2 e ool L 51, o] of & Sl oha A2 £ A4
01 2 714 QA Who] £ E 3 Lok b1 e 57] 1o AN SIR A A
olElWo] A T 5L 15k BEHAAIL ululgk +-Eolch o] algk BAIG Sl A5 AL wp @
o E4 1 O%E%Tz_— wajalo] A ALE s ol R o] T AS 917 o] e o] A5 T2 of
s} o] of £ AT ABPAF Zhvl 2hS 283 Hotspot 34 7} B o] Bl of g mE 4 w3} o

2ogng W AN LASGOM, o] i BA 23 9 5 wEo] E4o] o8] ot
ai}

Key Words : €] 983347 (Solar power generation), l= % & -5(Older module), Bl &F 71 X](Solar cell), &3} & A(Hot
spot), 21 = €] (Inverter)
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NS e BE\T} A BE 7F €9 58 #4
(50kW : ECO, 50kW : New Bifacial PV module)

Analysis of Output Efiiciency Between Reused Solar Modules and
New modules
(50kW : ECO, SOKW : New Bifacial PV module)

SHE ool ZstE*, MEA* ol

O = ,
Jaehyeok Hur*', Jeongeon Lee*, Hanyeol Kim*,

Myounggeon Seo*, Sumi Yang*
et g ol A g ekt

Abstract : 2018 = 7| &
kS REY T
A A e g AHAES AT S v o] A E ] /1A "‘O} ol trJrE R %‘r%‘xﬂ.cd =
Aol =L Qe shARE oF A 7HA] ol A= =¥ RE Q) AAES AT =0 H o H
Het 5 A '\ G, WA, s SOl Ezo S o] A efot oo wE A=A ATl 2
8ol ofof & A= A e S A= /d& BHE SR} 100kw(50kw: ECO EE,
S0kw: Al4f &) L AFHEAE 7551 IH 44% ECORE& o8¢ &4 A& H 2
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Key Words : B} 9F7 Z](Solar cell), '=F B F34 X E(An aging solar module), | AF-& 3| 'd(Reuse panel), & A}
(Insolation)
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Reaction Rate Simulation of Emitter Etching Process on Crystalline
Silicon Solar Cell Using Hyper-regression Method on Artificial
Neural Network

A O *T
240l

Soo Min Kim*'
*FO| AR B 7 eY Aol ATl

Abstract : 251 5% S FAA] A £ A Rokol A GFAHEA A L S 2o B WEE Ao
W 2o o e e BE L WA S A2 FAo| thiEES X 5w Ak &4 FH 2ol
A HHE s gole] S st ul Aol 715k AR elshel 4419l T 49 3 o) AahgolA
u] A g 3ol & WA A 7| Hek. HF A B FAR o g0l FFL ulAA o] HHIE Aol 7}
WFE A W asteh A B4 7] B4 WEkE 7] 20 phel st whalo] dukd el 24 §Aof 7}
A 222 o] A9k O] FRo| 3 WHg S Folb R gk 74x 7] wj Bl Azael @
B o2 g /hath B Ao Ak £4] BHS AT A% TS SA5] 98 5442
golo] E4 W3l o 2517] $i5te] Wy|otet £ V&S JNo R A2 =S ZHste] 4y
4 dlol8 g £43te] 0|2 I FA S B 4 Bolol B4 WSS A B0 4 stk v
291 &4 A2k ukg 332 A7 8H5EA Bel A o] £.9] o) Bk Ao o] F o7 o] 7Hsdt
u], o] 23 542 452 0 = £ 43h7] 915}o] Potential statS o] §-5to] 42k o4 B3 7
7oL A Wate 24t 2 E NS 702 A8 Ao W2 A2t ukg §
o B AR G Jolste] A% Mo m SAustgrt ZHE AL ARE /O R NS
o Wist R4S ERY 4 G Bolukg BUS ABAAY /o Fo5tn o % ANE 5
A717] $15te] 28| A AL 2 §5HeATh AR A s AL o] kel Awl4 7|uhe] A12-g 9
=4 W8S A28t st

Key Words : 24 & € 9F7 A (Crystalline silicon solar cell), 21-&4173 (Artificial Neural Network), of| =] €] 4]z}
(Emitter etching), 1 7] 3} 8} A (Electrochemical analysis), % & 3] 7 (Hyper-regression)
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Operating and Management Guideline of Building Integrated
Photovoltaic Systems for Safety

AFSM, B, 24F
Juhee Jang*', Chong Min Kim*, Su—Jeong Oh*
871 oM A7

Abstract : B oF WrAA|AEL 2AEEE AR AAF g ggubA A AE(BIPV: Building
integrated photovoltaic) 7} x| t}2Fst A =] & i %7 33l i}, g ok WA A| A" 9] A =] 7} 2718
of wheh 23 SWZE WA A ol 4 ST S oF 3%} Hl 9 AN AFO R B8 HFS 3
A5h3 Sl SHAIR, e} WA AR1S] oAl A A ehg Aol Hi AL B st BIPY
A" AE0 QAN E B Fd AL AP enz 243 ﬂ%%k%t'e AA A H et
g% o7} I asteh waha], 2 =Roj A= BIPV A] A8 9] A}l ) FAE 4= AApo] ot
B2 el Gieh WA BIPV A| A ulo 4] b3 A A] BRI 91 RAE

g0 g BIPV A| A"l A v W S xR 45 E31 obdA i HH-E 301519 th 5T, Rapid
shudown & 4-35H= S ukol A 5 27} 7)71% AAste] Qb4 S St WS v, AR,
=9 5 o8 =71 B Fd A L o rhol =kl S Foff EelFinh F AFE F
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Key Words : 5 AA & ] 932474 A A2 =(BIPV systems), A 22(0&M), 7}0] =21 (Guideline), 2 7 = A1
t}-2(Rapid shutdown), <& E] u}- o] % (Optimizer)
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Wireless IoT Sensor for Photovoltaic Module Monitoring Utilizing
Thermoelectric Devices

0|88, SMQI*, gt 2

Yonghwan Lee*’, Suckin Yun*, Nochang Park*'

A7 e AT A A AT E

O M A ARE FE5k7] 8 Ao ARgS A}t
231 5 e REth e E BYEHY AlM s 2= dlolH
ot 24 g AH S Bt o] AR EAET A5 = T
B g Hg o ol folut A AP o A SHAL FA Ho BEL
e o, 29 % EAFY IS 7Id
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Key Words : &} 9837 & & (photovoltaic module), & 1] €] & (monitoring), Al A (sensor), F-41 %Al (wireless communi-

cations), & 2 A~ %} (thermoelectric generator)
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Low-Carbon Ultra-thin Silicon Wafer Manufacturing Technology via
Crack-Assisted Layer Transfer Method

o|g&" g
Yonghwan Lee*', Nochang Park*'
o A A7 e A A A A A AT

Abstract : 281 (<100 1 m) Al2| 2 0|3 A% 7] 48 vk Bk BE A2E 3 94 @
71e®2 H2L R4 Qo B d3t= 9 7]4E 9] 7] < (crack-assisted layer transfer) 7| &2 &
ARl e golH e Bt Tgol o) MAshs A8 £4 (kertloss)S 245} st A A2
ol H o] F=AE 100 4 m o] 3F= A2t 7Hg g A gk A A g2 7| A X 7] s o HaL SFaiz} gt
tho 2 N B 74 S Bl ARAOR 10-80 4 m FAR AojH 2ubg A2l o] W2 A
2k 7hs sk, Al A2 ol o At 24 W el A Al A B ol s A KL gkt o] g
7S TR ATA T B ARE AT A olH g 7l& 9 dicto] H7E 7]

o e,

Key Words : # &t
3

2
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2% &

el 9F34 % -E<(low carbon photovoltaic module), A 2] & ¢ o] 3 (silicon wafer), ¢ ©] 3 = (wafering),
4] (defect analysis), 2815 o] 1 (ultrathin wafer)
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Development of a Polymer Removal Wet Pretreatment Process for
Silicon Recycling of Waste Solar Modules

A SL* = A k*T
72!_79'-—'- ’ tl—ll-c>)c\->|

Suhwan Kim*, Jongsung Park**'

TGS v R E AT e, TS oA F e

Abstract : CBAM(Carbon Border Adjustment Mechanism, 4 =+7
AE Hete R, EUR #Q = 574 AlF 9 ARG of| A A v & ol gk &4 714 & Fat
Sh= Aotk s v A5S Sdl =dEMen, g4 w5 WA EU U AlF B
ohg B4 o2 53239 sUo] Weko] 3 wasglrh 39) 27H5E ofof v g-5te] Ak )
@sha glom, S uket w3 o 3 FA A B AL M) AL Agd 7% 71U
Az A 2~"lo] I a3t Adgfolrt.

2R A E)= 2023 5Qof X F 9
3]

B

"l%
ZleZ Mtk HFH R ek frlaES 7
A EE AASH] At 54 AP 374 71s st 1
AP 34 712 s 24 H|F Aol 5 o] &3t £ FHLRA, o] 5 o] 8T F
thermal budget®] F¢J o] glom &4 5 o itabeha WA v 2| 45k 4= Qlrh
gl oF ¥ & 9] uhaEof| = Si, EVA, backsheet 50| s o] 9ld Sit= 2.42 g/em’, EVAE 0.9
g/em’©] H] & 7} AT}, B 9F 34 backsheet'= 3¢ & PET, POZ LA o] §lon] 11 H|&2 77k 1.35, oF
0.9 gem’o|t}. o] JEER FAH ¥ BE T 5 H0, 15 wi% &35, U4 59| thoFat &9
of 3t &, A EEE ol &5t ZElote S AW A4 e E ¥ EE e A
23t Fof, @57 &4 (Thermogravimetric analysis)& =33 5t o] Ao Zawfg gHelsto] 2w A&
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Strategies of Improving Overall Performances of All-inorganic
Perovskite Solar Cells

o|s2*, A
Dong—Gun Lee*, Dong—Won Kang**'

*Fopetin Aot EA RIS, FHFSHL ofui 4 A2 W B

Abstract : In the realm of perovskite tandem cells, all inorganic perovskite cells stand out as promising
contenders owing to their wide bandgap and enhanced thermal stability when compared to conventional
organic/inorganic hybrid metal halide perovskites. Among the myriad compositions of CsPbI3-xBrx (0<x<3),
the CsPbI2Br (CPIB) perovskite stands out for its adequate phase and thermal stability, coupled with a wide
bandgap of 1.9 eV. Nevertheless, despite these advantages, CPIB-based perovskite solar cells (PSCs) encounter
substantial energy losses stemming from various surface defects, including uncoordinated Pb2+ ions, halide ion
vacancies, and pinholes. These defects exacerbate non-radiative recombination, thereby constraining the
potential for further enhancement in power conversion efficiency (PCE).

This study adopts additive engineering and surface passivation techniques to modulate the polycrystalline
growth of perovskites and mitigate the formation of bulk and surface defects. Through these interventions, the
controlled cell demonstrates a PCE ranging from approximately 11.0% to 12.0%. Conversely, employing the
proposed methodology yields a champion cell boasting an impressive PCE exceeding 17.0%, marking one of
the highest reported efficiencies to date among CPIB-based PSCs.

Key Words : A 7| (All-inorganic), H| & 2 7} 0| E(Perovskite), B %2 %] (Solar cells)
T Corresponding author, E-mail: kangdwn@cau.ac.kr
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