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Demand-Side Management Technology for Electric-Thermal
Conversion Energy Storage and Utilization to Address Electrical
Energy Power Curtailment and Peak Demand Reduction

S TS
Jang—Hyun Cho*", Won—Chul Choi*
*Athaelop
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Key Words : & o] | (Thermal energy), 4=8 32} (Demand-side management), & 4] & ¢] = (Thermal network),
AlE] 7] &7 (Sector coupling), <A A| A Bl (Thermal energy storage system)
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Process Models for Optimization Design of Thermal Network

HEXFCH***T ol z* X AMS* Muhammad Faroog™**, 0|72t
Chang—Dae Park***' Byung—Ju Lim* Sung—Hoon Cho*,
Muhammad Faroog™**, Ga—Ram Lee*
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Abstract : U QU1 %] £11] 9] 90% o] Al BRA] Al o] ©JEBHIL Q= ARIA] T FU L Sl =
Qolui ) o] 2§37} WA olct. olefat 1ekA Pt AASte] Poluix o) MejstA FEYxn
2 o 43t Jol o] AR 7|40 22 W gek. ek 5 WE Aol 2 AU o Shehel 2o
w2 AR Qlste] A2 A% 29 ofelgo] F7k5tar glck. uletAl, ZAIR BAIS} 52 AR
SH2 QIgh BAIS 9hokst] S A A BT S EasH: AT 71l Aol Fasteh shAw, 5
A 20N REE QUEYTY] $YL 20| ket A eblch. B Aol Fold AR,
T2, BHEA 5 TeiR ikt Q=9I melSe] Wele olska, A9 A4t A
S 913 Rt B HUES AAS A Bk o] iR B HABL g OR B4 240 /1Y M
BES 55, sg mue] A2ek AAS Fatel /g AR Gt AAS ST 4 ok

Key Words : A €| 7] &3 (Sector coupling), P2H(Power to heat), 374 X gl (Process model), &7 2 #|(Process design),
2| E ¢ . (Thermal network)
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A Technical and Economic Feasibility Study of a Pilot Project for
Utilizing Industrial Waste Heat

ZZO S HZE* RYA LEfR*
Kyung Min Kim*", Do—Hyoung Kim*, Kang—Yeol Jeong*,
Nam—Seok Cho*, Tae—Woo Loh*
oA o BAL B AL

Abstract : TS A= 7] A #ERE ofy gl FollufA] FZoAE ARG A o]-&E0]
Folof gtek. A7lofy x| of wlsh |42 A 7F e Aol A= ARl ol e Aol F
gt QoA E Sfisty] Haf Slle] Aertee Addy Ee5US o858k A /129 4T
S FEohe A2 A EsoR kil /1 Bof ofofr|sial it ofof] ‘Ajgka A S
of = @ ol A7t AantE A2 A4S el HEEA A H B S A2 Yo R 5t AL A
S FE87] AR AHARYE 2024 01| AFAHE R&D BHAIE F3f AFsh et 2 AR AR 2017
GRE 202249 5E7HA] Htelv Aok AAE AR (A | A2 BlF= 5ole AU A A
AEHEF L I-S| R 7S HESUnh I B e v Ao BEEE o], AR ol o
3 oluA F48 2dE T3l ARSAIAl AR E 23] =5 2Hlste AA ofluA] EF3Eo|t. Al
AL &-R1A 71800l AR wleA 2 A oA sl Rl 43 S| EHEZE BE3t0] thA
AT A8 sl AL A S35k 71s7iE AR olth. & 7]s7 ol tiet AlHA] 2
ol ool tigt 713 BAIEE HESE 713 BAIEE 7 e Aol 2853k

Key Words : %] & o]l X](District Energy), A] & d(District Heating and Cooling), of| | X] &20Z(Energy Platform),
A& & I A=(Low Temperature Heat Supply Demonstration)
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Basic Design of A Demonstration Site for Power-to-Heat(P2H)
System Integrated with District Energy

HEHE™, BtEWY, K&/, olAs*
TaeRyong Park*, Jungyu Han*, Yongheui Yu*, Wonho Lee*'
*GSTHY

Abstract : U0l 4 AEA Aol A <H19] it ket ofof 35 kot S AN S0l F
B glom, AT MEASY 714, TFA % P2HY I e] Fa 0] thRE T ek i 9 A
95} 2123 2-g3ko] Heat Pump= AJAIE 92 TESSE 2| oot ejeiaie AAsP 712 1e)= o) 4
ATeIoL AP 2o S ae S A0 AT 4 ek £ Aol AL ol Frtolu A AAF P2
A2sglol g 7| B AAE AT 78 AL ok A, ] A, e A AS Egshel, 2T &
o =} ekl o] o] W /) HAY B E EFC Y A Hho 2 AFAE 15 o Hol
o 3ol FAERE DA D71% (@A 2 SuE S} AAS] 18 oux 47 Bd 5 7
A NS FE5 04 Tk B RAH AL 8F 5 TR 3 A% AGHS Foto] A 7S
u}1e A3lo] o,

Key Words : P2H(Power-to-Heat), % ©+o]| 1 X|(District energy), 3] &8 3 (Heat pump), & ol X] #1474 %] (Thermal
energy storage), | X] Z] 4 3H(Energy optimization)
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Performance of Charging and Discharging of Thermal Storage Tank
with a Phase Change Material

HMAQ* FCHR* UKEH, IR SLHX* Z[xHR*, Zar*!
Yeonwoo Jeong®*, Dae Woong Choi*, Jaehan Kim*, Youngkyun Jung®,

Su—Jin Yoon*, Jae—Woo Choi*, Sarng Woo Karng*"
el i e R

Abstract : tjf i X o] I == Foll | A Y At WhE o Bk B Sl4str] fiste] ot A2
Algboll Goll Y A& AAFstaL, s=a o] @2 A7t o] & AtA 0w 33 4= Qe A4 (Phase
change material, PCM)& ©|-83 ZHXE Zﬂ—g-éb_x]- il E Ao A the 371A] FEle) AL A
atact. A, PCMO.g2 AA = 1-Hexadecanole(£-87, 49.5-51.070)2 w402 e iﬂ(3097ﬂ)o}
o] 55O 8 Aot g4 %%(2 4, 6 LPM)e]| wh2} 265 L] S E (& tiH] PCMY| XI5 H|&, 29.2%)
S AR 2As ATk A2 JEFo frolo] THE SRS 2RI, FGHL ZAste] 27
of W& SHEnE J%OWE} EA), T2 FEfE T & thH] PCMO| SR &2 74% o2 &
AHAZ1 260 LO] Y57 shell-tube P4+ ZH RS *47:]] Bhal 7] 2= 10T A 3 W2 70T 2] o) 3
LPMO] fFe g2 35 uff PCMo] @5 o] A7t A8 = IS v el = 42| sl A5k gich. Al
A, A& dolyA At AL FAE fItt A4 HaAd st Haes Dkl o
Had ohe AAN AN A ZYJSE, 80%)2 2t EA=AS FFAI71AL, I W 54,

AZ Rl A2 A Sl Cart, Mg, Fer* o] 25 antd o g Fabetn, && %’101 PCMZ <M
Ao g AAek 4= et E3, %Eliia‘iﬂ}olE e AR Wil 22ehA 3] o2 PCME| G e =
£ Folal, 2AYH ol 3 5 Y& sk, Eoﬂ/ﬂ«] HY A Q1 HAMS & SHH ST st e
= &8I A A3, 0.1-1.0 mg/L 5 =0 AAYT o] 23 100% A A5+ ™, 1,0002] 8] 435} 527
Fof e 22 M A5k A& EIsHI
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Key Words : <% % (Thermal storage tank), A% $}=2] (Phase change material), & 2] 27| Y 4 <& (Milliscale capsules),
& of| 4 X|(Thermal energy), Z1<=4J (hyperphilic)
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Study on an Integrated Real-Time Monitoring HMI of Thermal and
Electric Energy-Based Building Complexes

_E_;g |*’ _“:Ho*’ 7|;(.|O**T

Jeong—Min Mun*, Dae—Yun Kwon*, Jeong—Uk Kim**
“34)3)4} ojule), #E st

Abstract : 241712 Wl ZS Fol7] 918 A 349l A8 02 7|2 o U] 4] A|H 915-0] £ W4
4517] BTk ThER ol L 4| €0) B9 mA A 0.2 215k Th, WAlo] 7Hsat chabet A 4
Agel g wet TelE BA| Sha ek Ao Aok AU A 0] 484 Shefer 3l vl of ]
X 45 A10) ThabA S a4 Sk o] efat Tl Aol A e R A% 71 d 9 A
7] el S S 29 A fAGI MG o = Go s A2 10l diAel AE AL
e W ALY, o] 554 9 1719k e ThaFk o vl 4] ME| o] B3 9 24 S Wkt o|of o] A=
B AAHOIA AE| s A2 oA BT S 9l WAO® A, BRA0R 4G urk &
A0l A4 AR P02 4o Salstel Aol A #8AE Aefots Aol o8 5

H o
L=

hl B S o o=
F 9 ool WA QJold e A7) HAlS o S AASHE Ul AH§T 4 glom,
T S A IO S A 20 ] 4188 ol M A el 419

AV ARG S Qleh B e Rol Al o] 2t 7B o Ui 7] HE] AZ o] 4] A5 2§ An](TES, BESS)
JolE] & Ax7te gz 2% Ao] W E3} 7HA|5H= E3FZ)Z o] HMI(Human Machine

Interface) 2| 2] A 2} B} A 21 T}o] A vpetol thsf A A5k

Key Words : A A] 7} 7} A| (Real-time monitoring), 3] B3 3 (Heat pumps), € ol A] #]&(Thermal energy storage), Al E]
717 (Sector coupling), HMI(Human machine interface)
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Developemnt of Optimal Building Energy Management Technology
For Sector Coupling

gg_E_*T
Seongmun Oh*'
P PrE

Abstract : AP 2] K 2o of) mhet 2 wo) 7 g Yl Rah E A o] SFskAL 1o Al b8
SH7F S 23 A7 E AL Qe & At A= dE e olU A 8.8 e Ao 24k M
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Key Words : 5= 2] (Demand-side management), 71&-o]| ] 2| 342](building energy management), Al €] #| & & (Sector
coupling), of| . X] #] &} A] 2~ Bl (Energy storage system), A]& 9| ©] 41 (Simulation)
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NZF EAZ 3¢ AAE 33 E 0|48 ConvLSTM Z
Attention 29 7]8t A8 48 o2

Power Demand Prediction based on ConvLSTM and Attention Model
Using Data Periodicity Preprocessing Process

* * * = * =4k %
YL 0¥, wrHor, AR, U8, 2y

Jungmin Moon*,

Minjae Oh*, Youngah Park*, Hyerin Yang®, Yonghyun Kim*
Myungwoo Son*'

=g 7]Ed Al U A Al E]

Abstract 1 ¥ AH] &2 YA &S ol AT 292 2| H 36k o] 2422 7]=o|tt.
o] A+= CNN (Convolutional Neural Network)?} LSTM (Long Short-Term Memory), ©18l4d W74 Z
Agsl Py mulS sheslo] 75 tho] Ae An|ekS o2l WS Foksit) B mule
< o]-&sto] Al A% HlolE| oA A H A EAE F=E310L, o]o] A LSTMS &34l 7] o4&
o'l Hl AU S 285l FaTt Al AR E xSk WAl o= FAgth B a5 fls 2
< HAstal glo|E H4t3E =5kl en, Mg 4nj9 /\]7410“4 E4S 52 0 & Hhgstr] 9 H
BE(A, €, 4, ADE 7] eh(sin/cos) 2 HESHIL, @Y 9 =T o J, 1A 4] o] (lag), ©]F Bt
o thefet uAy W5 AAdskoiTt ol 2t B4 o a2 mEl o) Al7HA 9" sy 58S A=
bl 7]odstqict. E3E K-EZ2E w2t H5S A8ste] dutsl deS AT A da At
CNNHLSTM+olElAd Hale A8 AH|EF o2oA =2 AT E Wy on, CVRMSE (Coefﬁc1ent of
Variation of Root Mean Square Error) 9.66%2 ©445}9th o]= 7|& »d tjv] 243t A58 Ho|n, A
T8 oS 2 A3} A A 5o 5l 0 7 ShEE 4= QLSS AJARRIT L & Oﬂmﬂ/\ﬂ A ¢reh el
© tjoFsl AE 33 Al AR HEALS 18sle] e5E glolg o] 7FASE ASS Bt S5 o JLof|A]
= AAZE Y Ho|E et A3kE Sl oS RO 8-S S ARkele Wake = sE 4= St o]
et WAl AntE T2 e AARIA S AE 584 gt 7]ofE A o= Tt
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Key Words : A2 4:H] of|= (Power Consumption Prediction), CNN+LSTM+o{ €141 & (CNN+LSTM+Attention Model),
234 7|4l ol = (Deep Learning-based Forecasting), CVRMSE (Coefficient of Variation of RMSE)
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Analysis of Contribution Factors Estimated for Thermal Energy
Demand Management based on Information Provided in the
Demonstration Area

Hojer, ueia
Daeyoung Jung*’, Minsoo Park*
“2)sl4f el o)z

o

& HHES AASHs bl F4 o] itk 7] BolluA] =25 43| S5t flall, & A= 714
4, /t} 57, A A] ’\Hl AH] &9, AR B A QAR E5H 8 e AT o1& F9,
78w QAT 2L 9% 7] % .01 LR ul W Faho] GRS vl X m, Akl 3 S A4
o o] 4 400 W4 A4 2210l SIshelrh. EaF AXZEAA Blo] e S 8T TOC 7|3k 2
RS e IR R B PN e I EXSEARIE R
A2 291 B F R WSE THHCE B ATE o3 A4ES /N R v (Y EAE,
o= 9= EoH TREE FASEL AA D 24(ARIMA, LSTM), 2|23} 7H(A e 22727, 74
deF) T2 A8t dovA 2F oS5t W ES At ok, BESS(Battery Energy
Storage System)@} TES(Thermal Energy Storage)2] 7 A4 H] 212 ¢]|3}o] LCOS(Levelized Cost of Storage)

7|ibe] 48 AAIStR), BESSO] that 4 F7 A48 vhgo. 2 TES] 24239k | g §o) 27
§}-7ﬂ /\4 =] 7]'7]€ 7HHH\] ,g_‘cﬂ—]:]—

ol

Abstract : 2 A= 7] FouAE e o R Belshy| AT 8 54 AAE =&, 249
=]

Key Words : =4 5 54 (PCA, Principal Component Analysis),, 1 d 3Z & A~ E (Random Forest Regression), A} 7] 3]
FA o] 3 (ARIMA, AutoRegressive Integrated Moving Average), T 2]'d LSTM (Long
Short-Term Memory)
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Status of New & Renewable energy Support Project
and Action Direction

Mx|e*t
O - =
jinwon Jeong*"
oA 2 e ARAA LA A

Abstract : A EtA AFS]- A A RO o] P& THEE el AS HIEE Shz AR A BGA e glof,
AEONA S AH|AE AR AR SHE AEE Al A ol | A AHIE o ® 27 FQl HEANY 2 4]
oA T A ES Al A D AR5 = 17 S e 2 41 5 a5 A= ol
S AEE 2 ARIGE, A%, S5 349 50 259 24 W B o e Avf o,
Key Words : Al A o | B H(Supply of New & Renewable energy), A}71-8-(Self-use), A1 A A of| | #]

+-8-*] ¥ (Financial support of New & Renewable energy)
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| invited ]
BiliA 843 S9us dofu

The Special Act on Activation of Distributed Energy,
and Thermal Energy

o+’
Byoung—heon Lee*’
EIET [P TR PSR P RE S

Abstract : ] 7]8}9] of 1] %] A| A8l ;L O 2 AR A(HbpEHEE ©A3517] Y8l Ak U R A5}
Edwo] A (°23.6)- Al 3Y(°24.6) F| o0, EAlo U R] A3t ol 2 Y83 AlFA| = FRIAL
, BAbo L x] o] H Qo g °‘*°1]L11H A2 &3 8l A7)k A;

Key Words : E-4}to]| 1 X](Distributed Energy), E-Ako]| 4 x| &-A431 E
Energy), & of| ] X|(Thermal Energy)

¥ (The Special Act on Activation of Distributed
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A Review on Building-integrated Photovoltaic and Thermal Systems

AI_IO1|HI_|*, Olgl_.“:”*, ilO_I_?F_**,*** O|-O=|A-|*** 0|9-|'X‘||*** _7'c_§;(|*** 7|D|g|***’r

Ye—Bin Shin*, Heon—Min Lee*, Won—Jong Choi*™****  Youngsub An***
Wangje Lee*** Hongjin Joo™*, Min—Hwi, Kim***'
*Fedisty AutEAE A STk, FrekeFreta %55tk
kG| 2] 7| & A - AR A AE A A

Abstract : 715 Hoko] ShaFES 913 ofu] ) <73} B chepe G o] A3

oA AL 718 BAT Qe st ool A LA S8 A FUAKOE <ol

<] AAIRFS] A7} QUGhek. ol EfeFel | B Hgstel 217] He A& T AAISHE o] ok,
_1

H7)1eF & EA0| ABAkel= Tﬂ%ok—‘*oﬂ/\]i‘%( htovoltalc and thermal, PVT)& 8351, A& 94
(Building-Integrated, BI)2 -85t oW *| & AAtsh= 7] o] =541 Qlt BIPVTA| 282 ¢3h5h=
s FAIE Tl e g Y 2 2= E ‘;%—Zr“ﬂ/\i A7) &S #oliL, A7|% AoHA S sAl9
*“*}ﬂ T o] A= v A Eae A = ATk
Q170 A= BIPVT A|2<5le] 215 uhlof oAl el 22 A7l Al2dle] 55 9 4% A4
‘jo“%ﬂ, )AL ZAZo| A 9 v A A3t AntE EAI%H =70 AE Attt 2 9] H3k = BIPVT
P:”lo}LX}O}# ]EX]' L 04:%7‘}‘:01171] 24l ‘_@ Xéie Xﬂ 5L, 2| WIEE tefet BIPVT 7]

Key Words : A& YA & (Building-integrated), €l %34 (Photovoltaic/thermal), 715 2] %} (Building facade),
of| 1 X] &-&-(Building efficiency), of| ] X] A} (Self-sufficiency)
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Analysis of Technological Trends and Application Cases of
Photovoltaic-Thermal (PVT) Modules Focusing on the European
Marke

ZEXXT0|GS* oraM* O|YA*, ZDIF* USH* ZLEFH
Hong—Jin Joo*", Kyoung—Ho Lee*, Young—Sub An* Wang—Je Lee*
Min—Hwi Kim*, Deuk—Won Kim*, Jong—Kyu Kim*
Folatol| | 2] 7] AT Al AYA| 2B LA

Abstract : &} %339 (PVT, Photovoltaic-Thermal) £-3t B 52 3}L}o] R Eo| A 7|2t & EAof Akt
% glol, A 7] A=) WMol AFHA Q) Aol 43 A T B8 ZHoA ul$- Felsic). ol
o r Qe 55 fFHE SAHSE PVT 252 Hgo| S il glom, A B3 w-E J4AE
Hola Q)

2 Ao s FHS SHeE Bgo] S EAL = PVT &9 7|& 530 -83E =8 48 Al
% g FA8I, o] B ulgro s ) 1 S 919t 7)% N W 28 A A4 st} g
oh ok, = PVT 59| $H 29 Bt £4 SRS QIR Al 3 2 5 Al dof thsiA =
=ofsl 7} e},

—

Key Words : g]oF4< &3} L E(Photovoltaic Thermal Module), € % 7] A5 (Thermal and electrical performance),
4 2}7|uk=(Solar Keymark), SRCC(Solar Rating & Certification Corporation)
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AR A BAE €% 2 A%
Renewable Energy LCOE Current Status and Outlook

A= *’ o|Zoh*
Deokoh Lim*", Geundae Lee*
A HA A

Abstract : S 2UH9 W3 S = FF 9|72k o S0l e Bk, A Al AR 02 AP of 1
A, 53] e 9 Feu Hoke) wAlul 8- 714 o] whal, Au] o] S, 713 Totel slet 5
chopat 2 ¢lo] )5 2|42l el sehAl S 1| Itk ol ek Al A1 Aol wrgko] o A ejor
WA o] o535 H] - (Levelized Cost of Energy, LCOE)-S & G890 A, A5 7€YY &4, 29 &
249 14 5 B4Rl R0l 2 ola) 23] shefsla gl o2 BAHT e Feuae] 49
o= o] e} ARtE A L u|g-o] 23| A5tz S Holal §lof, L ol thEk AAI A q] &4 0]
2 3 Akgfol ). ofof whal, 7| AkAu]§, A1), €181/ B BGU]E 5 et 27] Fapulel gAn
], B R 5 9] 3ol tigh ARl a4 vl B4E =gt 24, ) FEEE b8 A
50) 58 2918 FHek, o] & uheo.z Ao 7| 4121} | A3l 8 A4 5 9
3 A A 23T HR7} ol

ol

1B
N
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rOlt
ox

Key Words : 24 o] 4 %] (Renewable Energy), 24 7] (LCOE), A|L}2] @ B 4] (Scenario analysis)
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FALANGS ol§T ArdE LAY

Development of Jeollanam-do through the Wind Energy Industry

bt

P

Jungchul Choi*'
AP B stn 7] A R A S ok e

Abstract : g 5-2] SR Ao whet S o] B2 ALK 0= Sojubal et 23|y} 249 9

Q2 Ao A FaE EgFo 2 B ul] ZHA|A F = 3-510 & v|eFA o] AAFS H el Ao Z oAtEc)

A ALY S 7Ee] ARt o] iFo] &8 Q= Hehd e A EPE A of| vl 3l o] 2 HlFo] EiL ¥

OUr Au| 2] o] wheshA] kit Mebd e B3 v Ak S S5 ] sl d22ar Jlou 54 A
S AR 9] A2 Q1810] Aol 7] S,

oﬂ**r‘Eﬂo HePder} the AR 2Pk % ZaL g 5 gl Aol AAA Y Qo] 2AF R she HUE FHOE dto

M2E Al S8k Btk o]9h HEof RE100 AT l & Mgetd O Aoz siavs o HE 4 Qi

Key Words : A 2hd = (Jeollanam-do), 2|2 AF$] (Future industry), & Z}2] (Job creation), RE100
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Estimation of Photovoltaic and Wind Potential in Rural Community

* = * Ox * x * kk kk
TG, YT, ST, YFII, 0IBEY, Yo

Jin—Young Kim*", Hyun—Goo Kim* Changyeol Yun* Chang Ki Kim*,
Seung Moon Lee™*, Deokoh Lim**

QAU A7 S ATY ARG ol E AT, ol A FA AT AN AH B AT

=

Q

Abstract : A A2 0.2 f520] AU A ARG RCFE AL814 gl o] BHA glon i
X ofo] Aol 4| 5 FA A 0.2 Bobsha olek. a2l heks A A gol vt ol4rE FAOR
© 58 AT AR H 02 Q3 Aol U A o] 2A BejE 3 9l re. ARE A WEEAC W
2 WstElE SEu 249 TS Tejste] S 2 AEA AL WAUEE FEstn 529, 9
W, A5 5 bRt A QA S 22 Fo gtk B AT ol &) 7l BAEE e AR

SEdeRA 0 g, o A A S sk A A o2 ZA st} gt

Key Words : Jj &F33-o] ] X](Photovoltatic), =2 of| 1 X](Wind energy), A48 ol 1 x| %] 2F(Renewable resource
potential), 5] & 7] F Y E](Rural community)
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ol SH-0-3

244 dok PV A4t D A A4 HES 9P
224 97

FPV GROW (Global Research for Optimization and Worldwide
deployment) Study
olaZ*!, olsEH

SangGil Lee*", Donghwan Lee**
#(F A ol A, () A Eo] K] ShepAk

Abstract @ U] -4 B g THAIE S A A A A ol 22 AR o] $ 200998 7] e 2 S
of| Al Fi-A] B g i of] ek Bl o] SEE Lo w Tkt FEH Y] FREC] T e, iR S
G2, Ao AR EHI T v o] S3k sfF e =& AE 4 e G FA B E
Aol thgh 72 A A R0 o Bl R0 2 QS| A B o] m]okgt =Eo|th. AN 2] of| A =
slesaigo] mgt Ffol Ao}, £al, Amolmelt, ) 21219] 0.1%2] che et mefsheie}
T AT3TWE A& 7HA AL Qlof wij- A2 o s A4 9 /S dstal glow vdgh=2]
SolarDuck+= RHH4=% A/(TRL 8 THA)) . = 4}-8-315 0|8kl Ut} 3129t Solarduck-> REEH3 4] 4§
of w2 H A A 2| A3}k A7} Qlom, 7F HEo] VA A QAR ok S 2= e A9 of
&9 A9 7F5 Aol vl .
U 24 S5 A7) 39 A9 Q19 TWP(TaiichiO and Wolf)2} BN(BlueNewables)of] 4]+ PV-bos(TRL 5
S, WE R A B4 ARAE) 714E Susla olek. o] 74 Ao fAto) thereli $9
F7F A E o] AFFSHAFE AN A, 3, RES), A oY &%, AFs 2 5)7F 7hssko] 2 A
3 27]2 0.2 LCOE 1.42MEMW(100MW 7|2)& 27| A 0 & 1.0IME/MW 272 2|2 5}s}o]
S A A" A AlA O Hgshear gt
wepA 2 AFE S8l Sl A Y-S SR AU H B
& 0)e w2 A2 FdobAlol ke B
2 8lof| thgt A5 =gttt

U

Key Words : 3]|9F 3521 €| 9k Offshore floating PV), 253K Modularization), X535} 4| 2 Automation manufacturing),
Zdola|o} 3 oF F-G-A el o=Z(Southeast ASIA offshore floating PV), LCOE A ZHLCOE reduction)
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244 e B A2y A4 8IS 9
M2 E AF 2E3 9 A3} Jle AT 9 4
Introduction of Global Research for Optimization and Worldwide

Deployment of Photovoltaic Floating Offshore Technology: PV-bos

AL

(=) =
T oo,

Sangjoon Yoon*", Miho Park, Yong—Yook Kim*, Chunsik Lee**
157|Ed7Y A AR I A MY, ¥¥ 11574 A7-Y Plant EngineeringAlE

* =X % )k
LTS T=ELIE N

—_ 1

AAEO ARG FH = AYGAE, A, FAES 59 vE B3-S
A=} 2 oo 4 += LCOE(Levelized Cost of Energy) 7]%+2] 7§ 3 A A&
Ardo] et Al A"E Jigskar, 19 71 AA- A7 4 T AAE st
RS SIS A G T, oI A1k A Pebon 202 2ol 16l A o
JoA A5 ATE #32,46‘}1, BE1} 2+e 2351 31 2 A A E ob AT} AR LS SR B2 9 Al
%"%7 detch 7] A9 AF ZRAEZ Y S o 275 7] JE
9 Ffobalol A ol 28 B1F YU Aol E 28 75
2 A AADE ) SE St A5 A7 TG S RS Sab] A1
2.5 A AJgte).
%%ELQ AR EAA R AA 7} o] Fo| x| 7] o] 7] At A A, = L opAJot a4t B g
AR Fazof thgt 2AF A3 A skl 12l 3% A< LCOE Al4t &, 42 0= 7 A
2glo] A7) 42t 9 ke ako] uhe A4 el cha) 1At uhE 7heks) At} s,

Abstract : -84 S|4} ) o
A 1 Al il

[‘

—

A

Key Words : g 2F3% 24 A] A Bl (Photovoltaic power system), F--8-2] 8| %71 % &-(Floating offshore structure), 5-8-2]
ejj oF3Z 1A (Floating PV), 3l A4} Bl &F34 14 2191 (Offshore floating PV potential), 153} 24
Y7HLCOE, Levelized Cost of Energy)
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Dataset Construction and Analysis for Evaluating Green Remodeling
Effects in Public Daycare Centers Based on Actual Energy

ofd

Consumption

7E!LH7C:>1*, %!xl_'o;_l*, _;E_)'\_gd*’ _ga;g.i**, _.—_ll|.%:|_§_**, _E_Aljg:”**T
Naekyung Kim*, Jiwon Kim*, Suhyun Cho™*, Jangho Hong™*,
Younghoon Kwak**, Sunhye Mun**'

LAY AFFe, QLA U eh A

Abstract : EHA 5] 4G Sl 48 Srtom A% il oux B S
Ao 2 oF 19 8] X 9 2 (Green Remodeling, GR) AL o] k5] =4 &
AlEglold 7Rt & FH7FE AL Qlof, AR o | A] AREES &85 AF A2 B3 Aot o]
3 o172 20201 GRo| Sz ¥l 23 of o] 1S tARe.2, GR AF-2] A4 off 4 2] AF&23} 187
AEE Z-goto] Ho|HAlE L5510l o] & £4]51LA} gt} GREY| 8 A87|=(THEA 27, F =
A, Y A i )2 ARG T EHILAE 7R &2 A 2]sk3laL, 20199 1 202213 o] L 7]
7h2s AP Blo] B 2 2-8510] GR A50] i 2] AR Wake vl wabeict. o} &el, S0 o1 2] AR
Ft 717 Hlol 8| & BIE 2 = Change Point Model(CPM)= 21-8-5Fo] Wi RIZH=(7]=7])9t 71 A AR
FEH)S &3tk DA o] E +/d-2 IEA EBC Annex 5301 4] A A g o L 2] F3F 2A(7] % 274,
A% ofu), o) Al AAA A, A 2o, A 2710)E 7|E0R TAH I & AT GR
A7 AR oLl A] AGT A G714 B B3l HlolEAS TLEEH O, o BFF Hg7|&H
ik A7 B A 918 7| 2 288 4 otk FelA )97} gle,

Key Words : 33 o] 0|3 (Public daycare centers), L3 2] 2 & & (Green remodeling, GR), %]-&7]<%(Applied techno-
logies), A A| o U] A AF-&-F(Actual energy consumption), 3} & dl(Change Point Model)
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O
5&7]%* 249 n}é W oA 8% 24

Analysis of Heating Energy Usage by Adjusting Ventilation Rates of
Heat Recovery Ventilation System Considering Airtightness of
Modular Buildings

RIS Fopal* HEES* o|cHl* =M=
Minho Kim*, Ahmin Jang*, Changhyun Ban*, Dabeen Lee*, Sung Lok Do*'
e star A u]gskat

Abstract : R EP AZEL 1B 2Ydlo] Z2nE= A og LBy % | A== 2ol
A BAX o2 HE T kA Olﬂmaﬂﬁ%ﬂ—b #ﬂ% iats 04 Cﬂi =59 7|d Aso] 71&
RC AZE div] Ast= & AgFe] ot 28y gifEe] nEd A5E “11% 714 &7] &A= RC

73%—%94 10 A8 Ao 2 AR B aelEe 2gstn ek, o2 Q8 Bes el7l7) =4lEol
Bty o7 Ahgol $7H8 TR Aol Sl mheb £ QAo mE AR 71U A

begstol 4j0] 2| A|eke Aok 1Lt ol S1) A48 opel uk2 cakel AL}l 0.5
8haL, 7% o1 %] A e o] 4 B EnergyPlusS o] &-5}0] 7k A]UH2] 2 vhl 9 27] o1 ] A1
BAsigich B4 ATE vierow 274 248 Se weq

r]I.

ol 1 o [|:
o ox

Key Words : .52 Z1<-E(Modular building), 27 = (ventilation rates), 7] 8 A& (Infiltration), o] | X] A8 (Energy
usage), A& of|U | A& o] 4 (Building energy simulation)
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Open GIS Data-Driven Pipeline for
Community-Scale Digital Twin Construction

07

Sy K|k S{x=*x o * AXxT
Tl 2YET, 2OF, S

Hyeonjin Jang®, Hyungjun Cho*, Daemin Yoon*, Michael Kim*'

“ofrfsta gatoyst A%k

Abstract : BHAFS DAJ517] T AR oUA] AE HE-2 B4 oA T35 A 7F = gL
t}. o] & ¢35l 7|& A=Eof BIPV(Building Integrated Photovoltaic)@} 72 A AY o1 x| =¢Q]o] & Q 3}
ANk, AR 9] F7HA Aok} dlo]E] £ 0 & ojgfgo] wET 7|E A= N ' B aqtE A
A& o2 g o] 5 o] R, TA| Y AFUYE] fFRoA 7S AETe] AAAY o 2] ZAE
S Fr}el= 2HEskE 7)o HESo) weba] & o k= FF GIS(Geographic Information System) 7 1.
71k e 215 s} gto] Tekel S ukatel, 7|20 % wald o] ghAE 5T BIPV A% 223}
AAE x| Yt

A Bd 55 Q8 oA HiolHE AR 7S A-8-ho] 32 w9 2 HEksta, mE 1 2
3E 93l AA 7S =95t AE YL GIS glo|E oA AL QT AT 245 AR E 2550
LoD(Level of Detail) 1 =& 2] 3D A2 X5 A5 T A E 3D 2El2, o]% Rhinoof| A Z2] 121
=< ClimateStudio 5 &-8-51o] YAF Al &g o] =881l AE2] oY, X5, vie i As EF7dl=
eSS ol 24 15 Q4 HoFd o v A A A S FdstA BrHe 4= =S slolch

2 Aol A /et A4 E3t gho] S Fa A W AFYE] RO gAHEY RIS A48 5
St glom, 7|E o BHEE v 84S A FHAIE 5= Q) o] & -85t & 9T o e
oA A eFE FFA o2 £A4S 4= 9l o, 3T ARYE F19 o 2] EF4 3= 9t 7=
AR2 &84 4= ok

Key Words : BIPV(Building Integrated Photovoltaic), GIS(Geographic Information System), LoD(Level of Detail),
LA} A& 0] A (Daylighting Simulation), t] | g B¢ (Digital Twin)
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HEEA I A28 7 FAS A2 94 EAS
B9 grey-box 29 T

Development of grey-box Model for Radiant Floor Heating System
based on Thermal Characteristics of Residential Building

E|ZR* RIYRKT SIARM 0|S 2, BRLM
Kwangwon Choi*, Jaewan Joe*', Sangwoo Ha**, Dongyun Lee**, Jungsoo Mun**
#olattstu AntEAE e, FFEY AL 7led Y
Abstract : MPC2] 4353} A1 2]40-& 1201 7] $J3ll4l+= HVAC Al A"l3 A& 9] B4 54S FY
g3t mdlo] Aot B Ao A= T8 A& T EAS Kt T3] WAL, A%
3ol A E-g 7H53t 2| 2 9] grey-box HES A A SHCE o] & Y3l ALH 7| FU FAE AR
Hiet 2 2%, Ay 7] &, Wi dEF 5o] A= glojEE F 55t oluf, As}Af o]u] %]
sto viel B & By S BASI Yot 25 T &5 At grey-box Il itk 3 20}
AY 7] 2= A SslE s AA|E glon, mulo] XIS Fol 7] 3 et D85S vt WA v)g
2 AA3te] gtetu g & 7Eastelioh =3 W 2 i o b G S8 Gl nxs IS E
23517] 3l 2ol I3 ot Fal F-o] F /A Al 8 et iy AT, F AuE 2
IERMSE 1C U7He] =2 o= JB =5 Bt FF Ao A& ohofet 7 7oA mdlo] 28
A& A53HaL, AAIZFMPC 242 S8l W A A 9] 24 Alo] A5-S H7E o Folct.
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Key Words : B}EAHFA] A Bl (Underfloor heating system), ZL&|| o] 8FA W dl(Grey-box model), 57 A& (Residential
building), % 2] 41 &34} (Infra-red thermography)
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Feasibility Study on Image-Based Lighting Method for
Urban Daylighting & Solar Simulation

ZAR* Qoo Agpr
Kyungmin Kang®, Daemin Yoon*, Michael Kim*'
*Fgista Futosh dEehE

Abstract : 3 A A} A3 o] A (Daylighting Simulation)2 XA L AE oju] YA S AFA oz
WS 94 Setolh, 73 AlB Ao M8 72 Uesel By Rae dole s mule, choet

F)Fee] A2 HolEg /|uke 2 AT ) FE W BAFIE ol glo] Zgt = YES 74A 7
59 714 o 1 el S 07} s ek 01 w0 sl 7)ol 84
T JB3E ou| A& AlEEelA] F ?J‘?ﬂhﬂ’\i 3}2-5}= Image-Based Lighting(IBL) A &3] o] 41 7]
ole). A A7 9 A5 ol v A5 102 A olol S 1 2o ol R
& e S A7) o3 WAL bl slo] Jtet 23w oAk Al B0l 48 4 Hs et Aol IBL A 84
o] 7|x] 9] Az oltt.

X 9] 31= Rhino-Grasshopper 227 27 Ujof| 4] HDR (High Dynamic Range imaging) 3] &= £3 o]u| %]
= olgu =2 3831 IBL A]gaﬂ 14 mEo] uhe 2y @ slr}. 7|29 RADIANCE 7]5ke] IBL A]
seo] oA FAYH AREAL 2151 QI o] A2 Foll S 5SS B e =A 2
T3 W A Al ol YAERSE AR

Key Words : Daylighting, High Dynamic Range Imaging (HDRI), Image-Based Lighting (IBL), RADIANCE
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Numerical Analysis of Data Center Free Cooling Water Usage
Effectiveness

SINBI*T) 27+
Se Hyeon Ham*', Yongchan Kim**
*efofsta 7 AF s, *aeiskiL 71 A3k

Abstract : The information and communication technology sector will experience substantial growth over the
coming years, with 29.3 billion devices expected online by 2023, up from 18.4 billion in 2018. To reliably
support the online services used by these billions of users, data centers have been constructed worldwide to
provide their millions of servers with access to power, cooling, and internet connectivity. Despite significant
quantities of water being utilized for cooling purposes in these facilities, the analysis of water consumption
remains under-explored, both directly through on-site cooling mechanisms and indirectly through the water
requirements. Meanwhile, the energy consumption aspects of data center cooling facilities continue to receive
substantial mainstream and academic coverage. In this study, water consumption across various data center
configurations was compared. Data centers were modeled using TRNSYS to derive annual power usage
effectiveness (PUE) and water usage effectiveness (WUE) values across various climatic conditions. For
cooling methodologies, air-cooling and immersion-cooling systems with the incorporation of air-side and
water-side economizers were analyzed. The immersion-cooling systems exhibited lower PUE and WUE values
compared to air-cooling configurations. Additionally, free cooling mechanisms demonstrated effective
reduction of PUE, although these systems showed negligible impact on WUE.

Key Words : ©| o] E]All E](Data center), 3£ 2] &3 (Free cooling), WUE(Water usage effectiveness),

" Corresponding author, E-mail: un2179@naver.com
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< o 8% AE | A A4S F3
Wk A3 10T7)|AAA

IOT Machine Design for Optimizing Heating and Cooling by
Analyzing Window Opening Status Using Computer Vision

dmd*, oA
Gyu—Beom Kim*", Seok—Joo Koh*

AR A

Abstract : 1 A5 0 2 A1To] EERE Yy 2ol oful 2] Abgo] F7H5tar gl S0l W
A e A £4T So] AAFTA] ERSHEA, 1o B2 WAbAbgol F7kste] A AMAK O R
oLl 4| AbgeFo] Z7H8kT Gtk ol FH-L v Bh4 AR S AHGSIEE 247kA0] o] o
%o Z715H) ek A% Bl W Agol Aol Aslol utet W #ate] F7hE WRnh g7l o]
£ sl Wiol ALgSHE o U X R51E Folt Balo] qlrk & AL A% Bl W Al Al et
Foll b o] 8- 718 vl 712 ©]-§5Fo] W71 S ONOFF S1= 10T 7] A A2 Alekslsieh. A )
AU 345 Y FAF FEFEoln] A UL donroln] Y LEE QT Y 2= 20 T, ol
4 t)7] 2= 7Pgste] A Y SHe B B7152 322 09 27| 2A0R A4 sttt gz
QIR A 7] 2 e A5 AR A G 494w, AHES e B E - 2247w, SAHEA 1352w
718 AL 4094wE B3 B F7F5to] oA e 25% YA A, 50% A A, 75% A
2], 100% 7R 2] 2 ZH2F 1096 w, 2193 w, 3290 w, 4387 w2 A 715k} 5000 w WHl7] A A A] 25%0]| 7
AL Ak, 5004] i Hloe S FHAH 7Y Classi o] 0%, 25%, S0%, 75%
100%] 9O 2 2hilPS 3ho] Yolosno] welo] 81458 Al710] it 75%2] Y=k oF 50%0] HiF
S SsldGUTh BT AsH Tt 29l shlet S dEstof HlolelMlEl vt xke e
Hano] v A3} Sl T /b Ei Wz of-g5to] AFAS W2k Avlef 7]of Ao & AR,

-0 HJN' rlr Y

o

Key Words : QyHo]| 1 ] & ZH(Cooling energy saving), 7€ H| 2 (Computer vision), $1-5X| ‘5 ¥. H(Artificial HVAC),
AEofH X (Building energy), & %2 (Heat transfer)
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Grey-box model 7]

A Grey-Box Model Development for Campus-Level
Power Management

ClEfE*, AN
Taehun Yeo*, Jaewan Joe*'
*ols}ehtan ke A el ot

Abstract : ol oo} 743 220] He Aonli 23] SUHSHL Qom, W ag Qo ola) 1 vg
S AT A 0 R B wheA] A5sha ik A 2e) A% el At AT A T3 f41317] 94 o
|

T AeEo TRt Fel oA 7F AR A5 Aol mhE of 5 W FekR Q1% A7) oy

A AR A 2] 25%00 A WA= 65%7HA] AFA Sk A C2 YERd T o & 7H*doP7l 9l A= W
Wep A AL 2 &5 AL AE AH|E 15%~25% A7 7F58F A B3 A A E Qo) sFR] 9 7] 29
02 ] WAL 2 AN A HEPL o3, Ao BH A5 EASE velsh 98 vl EAel 8
Ajo] gro] BT} B A7) 4 Grey-box modelz} MPCE B-g-5}o] o5 7] 2 ] ) A2 A2
A skt W Arste] 712 A e) Fale] A WS AAlet At Ft. o2 18] 11d7re)
AA A= 2] HlolHE 481, O o5 W ko] e S =Eshe] AH A =9 Grey-box
model-& 33T}, 0] 5, MPC 7] < ]-4-5t0] A7k 0] 78] AL o] -7 oja}a, Wi oY A & &
A pogomn A2 A18e] BEAS AL HohS AT B Al A4 A28 (Enery

Storage System, ESS) ) %4 714-& 1% 3te] 17| o U17) £4 AL sl ofe) 9] S4E 3
g m] 2 vrol o] M ALg A|e)o] AN Qe o Folck, o] elst elre] Wk e o2 o] =
HalE Zo|1 e vl ee) H4s1E Fa) B8AQ oA &gl 7|o1E Ao},

Key Words : 7412 ZA-&E-(Campus building), 18|o] B2 2 d 2] (Grey-box modelling), 72 7|4} o & A o](Model
predictive control), A] 2~8l %] & SH(System optimization), - (Cooling load), I 3 5-5}(Peak load)
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Effect of BIPVT on Energy Consumption in a 5th Generation District
Heating and Cooling System

E 01 K=To < S DY i L] =T
Won—Jong Choi***, Wangje Lee*, Jae—Weon Jeong**, Min—Hwi Kim*"
Fehto| YR 7| AT AAYAI AR AGEA] RStk et A %gstat

oyl

ri
Hy

Abstract : 20501":_1 ]I:]_’_)J\_ = »_%i‘-{-_ /Ka],Q_ _?__]—SH 7 %l:r]-vtrl*——] 0"]:111 _§_ 5(‘)]:/%)]—34,/\ H}%]Oﬂblxl —Q—O]
A Q1 A2 =5 3L Sl 5A olo} 5GDHC) A| 8- 2.2 QY| EQ 2 S T4 5}o] oﬂ
HA Al AastelaL ) A 2 ek B9 W 4 W 3 el 24 5 ole vlas
FEury Qitt a8y ALE Yu Bt gi% o YESZ Y A a9 0] Bo] Byt 4
150, ol Si21si7] $1ol 2749l Alo] Tasieh, oletat B S Stel] S1o) Holel el A
Qu} 2o 9)H IS 85l Hieto] ALE] a1 Q) o) HE 2] o] A Q= Ao ol jma
AR RS HIH o2 =I5 d Q7 gtk B oA AY IS & gig,k g 71
A8 e okgad(0]5) BIPVT) A|AES 5GDHCO| A8310] o U] #3823 8|5} uhol-S A A|ghe}.
BIPVT= A3 A& Al of Aatste], Al 28l of b 42 A7)0 g B

W 5= gl S3], BIPVTS] x| 4]o] oy 2] AYatat & &-g-of v)
© 2 5GDHCoF] 22| 59} Wehe =&s gl
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B
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o
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Key Words : SA|tl] x] < d=k(5th generation district heating and cooling), BIPVT(Building integrated photovoltaic
thermal system), 3] E 3 3Z(Heat pump), 7432 of| L] X A} (Zero energy campus), &4 E ¢ I (Thermal
network)
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Development of an Architect-Centered PV System Design Tool for
the Early Architectural Design Stage

Abstract : A 2L 2| A2 THL 915 PV A 28 0] ARG AL w9 FR5Hch FAHOZPY A
2g)o] A2l AN A TA oA 2l AU ofo] ofs) 2 SRk St PV BEo] 8] e
of 322k5] o] 2| T Apelel FaF AL XL, A%] Fejol mreba] 3] THs TPV A|2E0] &
oo ehebaithis 4& 3elstA 27] A% A7 BN PV A28 Ago] Al2hw]ojof gt 1o, ¥
¥15] AAIRte] WA E e 27] 1% AA| BAY B4, A% ket X o] 719 BYL 53 mfa:acu
PV Al2%) ATE S5l BAH O ofelgo] EARITE olof & Aol A% 27] 47
S S 02 PV ALY AR S ST S Gl A B ALSIETE AE B PV A 27 )
A W TARel BHE giste] st 22 W4 7)%-2 R $4, Fol7l AR Wee] Avle] B
AA AL ST - S UF FRUPY 2ol 821 7 YIS olufe] PV A|AH &
H S /) SYUT £ Q57 L2 el 4R U 5 s 2ol A5 el
A B U 2] AR DA PV A2ES A2t 7S A3t o] 2 913 & o)A
N EEETET) %‘EHE S5 E& st on, chakst A Gejol thatel PV A2 o] A 37}
o tlx1910] A2kt 7)) TS BTk o2 Ba A%7HE A7 B SYH O PV A
o) AT ElA9) LS astel, Aol U A% E TS 1T ARAQ o4 2ol hs e d 2
o= 7oyl

e}

Key Words : A| 2 o] X T (Zero energy building), PV A| 2B(PV system), 27| A= A A ©A|(Early architectural
design stage), PV A| 2 H] A& E(PV system design tool)
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Filtration Efficiency and Ventilation Performance of Energy Recovery
Ventilator

Hete* et
Hanwoong Jeong*, Kyungmo Kang*'
e B e e T e

Absinct : 9515 17| 40013- AT o 712 el B0 A0 ) B R 50
o, B7] 2 Q19 U 2] £42 Fol i FAo] ek, A Az A WA BAZE A2k wkek, 2
815 F71Aulol 7|29 A4 W F7] 75 mut of ek, 3] A QR ERE FYEE 0 HAS

XP:“S‘ T 2= PH As ol fEaL let
Aol A= FsTeel AxE 4343 7| HuE dd o R, YE 9 o1t 882 AA d7ol

7Po}‘2“i‘:¥- oA H 2= G2F 2710 whet QIA|e] v 2= FEFo] th2m, o] & HI}A 07 Fo)7] flalA
= e 9 Aol YA Holt) oo upet o3t Fgo] AR hE A 7o BEHE Aot A E A
O] AU A F= WIS S5t
Ad A, ‘*t &0 DEHE AT A 274N 7hso] 2388 AU nAWA] sEE ST =
Helol & 4= USSR W, 18§ el = AW vNWAE A o2 AgA o, of 2t
FEO| 45 o] 7Fashal, o] whet gH7] Mol 4] o] Frske AFS Bt

ol gt A= G347 2| AHv] o] e E AT o, Tgh o 2 m&ENt opu e} 317] A5t o g A
2SS et 3 34l wo] S-S AR

>
ol

Key Words : 2+7](Ventilation), B 3]4>% 37| A| A (Energy recovery ventilator), 2] Al TH X| (Particulate matter),
I B} Al 5(Filtration efficiency), 7] A X] =2 (Particle exposure)
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92 2 A AEF oA W AE F
U= =g A4 UHE

gd B
:'L

Sensitivity Analysis of Albedo Parameters in Community-Scale Solar
Iradiance Simulation

re I

SUHD*, ST, mHE*, UG
Daemin Yoon*, Hyeonjin Jang*, Hyungjoon Cho*, Yeongjun Kang*, Michael Kim*'

“ofrfsta gatoyst A%k

Abstract : 7L €] 59| BjoFR(PV) AA) AAES FASHE QAL A B0l oA Quta o o
W2 02-035 W 919] T Agro = sk, o] 3 WAAQ1 ghl 0.27F 7P MM Abgc.
Lt ol 3t Hheshe A Ee o] Auke] Al AS A5HAZ 5 Qe £ A o Ao Thst
PF AR E T QAR A B o)A Aol v X GaFS HA 02 B5Hc) o1 913 S-Map 7|3

o F7H LEY =S A G YT WA WYGHO2)S HET v BE W 740 A LA Fo)
2 25tk B4 oAk 39 /1% B AZRARI0] SAZE ol4el W gnt SAbH o AAshel
thoorlE M4 Aolo] W ABEold 9AE HYels] 9I5) WMAD(Weighted Mean Albedo
Difference)& = J515 0.0, £4] 23} ohul 9] F712 Wekrt AN o5 2200 fojul g JFL v]
At 502 ekttt B 950 A3l 53] 45 Qo] AA| st ABAAF FBBIPVIS FA 4
AF=F el A, 2w Aol A BEold HBtE] AR G v1H 5 S-S A4k

Key Words : A} A&7 o] 4(Solar irradiance simulation), &H] %= (Albedo), AEL A F € 253 (Building-Integrated
Photovoltaics), =A] A-&of| | X 2@ = (Urban Building Energy Modeling)
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Energy Saving Potential Analysis of Indoor Aquaculture Through
Optimal Control Strategies based on building energy simulation

AR A AR, 2L A, 2M5*F, 2
Jabin Goo*, Naekyung Kim*, Jiwon Kim*, Suhyeon Jo*,

Sengkyoun Jo**, Sunhye Mun*, Younghoon Kwak*'
A HA TR AEEE, R A A AT Y 55 A 5 A E]

Abstact : 21 47402 sitbgo] vjet Rﬁﬂ#ﬂoi—ﬂﬂﬂﬂﬂ~mﬂ%ﬂﬁﬂﬂﬂ%%%
AdE Ao AEL A S AL vFAG 52 LRSI et A4
% fupolch. ueba, Al A} oFAl% gluﬂAm e sotsn oA 05 A 28 5

[3F BpAo|eh. A FAE SGAFY Aol A oEstar glo] A3} A|jtEw, o] = Qlsf o

A )& A o] WAtz BAI7} Al o]o] 1 A0S Hga 7%, AEkek o] ) W vl Hko] 75
o 0.2 o AEIch. Lk, AU 9FAIe] off 2] 4 @ A7k delo] ohgt s o) AlghHolch &
QAo A B B T RS A2 A|2He) £ 0 o1a) ofuix] |7 S7hela gl
Bloj1}A] ok A1 %K Recirculating Aquaculture System, RAS)S AT & o x| RElg 7|ehshal, 2% 3} =

5 &-835}o] oA A7 7sAS 2451 TE RASY] of| U X| -8 EnergyPlusE &-8-3)o] 7|5}
gom, AU} g B o] 2] 8] HloE S Sste] Bl HEotadnt. T oS dea FEH] 4
off oA AR EE 2 AT &9 AU LE &5t RS EASH %_ A5 A
ASHRAE &4 4 H5 7POIE & WSt A& AeS UEtinh o] & 7IREe 2, FAP oA 7}
zL mo qul H] 0}—50131 =] 3]15444_4 L]—H]— A%X—]%/{———;,]X4§l-‘3}_7] _,,]—5]] Genopth@} T31E
X“l shoich A FolA A8 7Hee HLI(E Y2 60-70C, 3| EF Z: 50-60T) ol Al =75k
ok 2[A Alo] A}, 7] S E ol |q A av]F tfB] 10.26%2] A7 & 3tE Uet it 2 At =Y
7|9 2|2 Aloj & T E=MN, A ALY o v R A3t 9 2A7ES wjlE AR 7Hs & Al S 7]

= HloJH & Al E 3t

Key Words : <=8lo]1}2] S-AF 9F A1 Recircuating Aquaculture system), T X €l EQ(Digital twin), A& o A] Al E#|o] A
(Building Energy Simulation), %] #|o] Z12KOptimal Control Strategy), oJ|\] X A& (Energy consumption)
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BEE-O-4

goJE Mg Air-side o]Zxnto]A] AojE 93
7] =9 2% A W5 A

Estimation of Optimal Outdoor Air Intake Temperature Range
for Air-side Economizer Control in Data Center

ZOpI* Z20IS* O|CHI* HEES* A2+
Anmin Jang®, Minho Kim*, Lee Dabeen*, Ban Changhyun* Sung Lok Do*'
#arelgiiid)sla Adn]3-skyt

Abstract : Hlo|BJAIE| = oY A] thiH] a2 A AlA A2 AR 2.3%E 2pA|sHaL Stk golEAl
B A AR T 40%= W Al /ol A 4B E AL Qlo] W) o x| dito] FpAoltt & A= |
OIEAIE W oA ke A3l A2 71HE] Airside 0] Feuko] A Ao H| o] EAllE o] = })5)
A} gtk glolBAlE Air-side o] Ei=ntol A= 2715 AF] Ee P =Yste] e 35k, €17
S A4 =AY A 719 Aol ek 271 QL Algol 28T ok QU HlolHAlE = Hloly &4
HABE7] SISl IT AH] 2 7 2305 S=3loF 31, ASHRAE TC 9.99 A= -4 2 ¢l Hl o HAll ]
P& A IT Av] g o) =0t e 235 AAISHL ek IT A &7 9] 2ot 5= 242 1T%
2 FEe R 7SR 2= 18T-27C, S E 60%, 183 =g -9T~15CE U3t
Atk whebA] 2 1t Hlol Al o] FimufolA IR IT ] 29 &7 235 wWEsl= 97 =
== WS APstalat gk 2 9+t EnergyPlusE ©]-8-31o] Hlo|HAlE] AlEold 2l A2
AL, AlEE o]l ol 2k 7|8t o] Aleuto] A Ao & A-E5lAt B4 A9 o= A
o, 27] =9l 2= o W o v A ARSRFRHIT ] & &7 2708 F71sk A

o o g0 kI Z Ho o n

Pl
%

Key Words : ©j| o] EJAll E](Data center), 3 A] 2~ 8l(Cooling system), W4} of| 4 X](Cooling energy),
o] F -u}-o] & (Economizer), IT AH| 2% 27 (IT equipment operating environment)
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A$H W49 EHP WHAN Ay 2987 A4 3

Improvement of Indoor Thermal Environment
during Heating Operation with Ceiling-Mounted EHP in Winter

HHR|4*, UxHEHT
Ji-Won Bae*, Jae—Han Lim*!
#o|slo At 8F . A=A A| 28l 8}

Abstract : 2 10 A1 7)€ HGE BHP A 2618 o] gt} 27 A] whadalis Ay &
A2 B, o Rt A QLS B75tarat sk o] 2 913 1 ol EHP A7) 7 A
ZFol Aol A AHT HH R EQAT) RN Y AL .

Aol W2 A £ABHS TUEDE] o) LESk 4, /| RS SHsjol, AUEE 574,
B2el WSt S 2ASIck 48 A, BHP 0] AZIE @A A% 2% S5 e S 2l
a4 919100, B3] AAGA(H] G A9 0.1me1Tm, kot L= B9 0.1meL1m) ol A1 3T o] 4]
SR L TR ISt AU A B A 801S Bl 4 ATk W AR F OF 15874 4
FROIA FAT L% Yol WAL, 10158 Atolo] ] AAT ] S5 LEH7} OF 8-10C 2
o] Wb 2102 ehgh. AL %7} Z7hae] net Atk El gashe FEe Belom, 44
el BER(L1mS} 1 Tm)o] 4 20% RiT o] 62 o] el 554 #3248 29102 kel BHP
Y ESLE, FYLE, 7IREEES S5l ABWAL BATE A3}, WY A% A ESL 20} R

% % 2RO, A28 YA O R Aofh A BAL R Wk = 3¢ el el

ch A SRR B A A N LY SIS B AU o] e 5
S SRS 2405 holeh 4 ek 1e)3 37 S8 (IR0l 4 l sho] Al 5712 &
BHow EPFORN L& HF3HE dast Kt 3016} £ 225 I 2 e ok o

Alo] A|AELS wRlEte] U 27] EHPS] E& 2 &9} 7| F 458 qxa;q}o}rg_ 25 0] TAS S A}
S AT A2 AL 2 Ve AiEE At ZAE Sdsh] Hsl ks A E TR &
8ol eke E%oHOF it

Key Words : % EHP(Ceiling-Mounted EHP), 2% 4] 53K Temperature stratification), =& 3+7g (Thermal
environment), 2% )| 2] (Thermal comfort)
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BEE-O-6

Simulation-Based Analysis of Rooftop Solar Power Generation in
Public Institutions:
A Case Study of a Community Center in Nowon-gu, Seoul

O|AS[* &IXF* 2o+ T
Sohee Lee*, Jounghoe Heo™*, Jimin Kim
AgIreyl ety A5 - Adulgsta), A gty edista AESeE AS5EeA

wEA g apsh| gf sk A%

skekk T

ot

Abstract : 2} ey 94 Au| o] AX) 7k 5ok o) Hgko] 7hake 3 gk 9 ubeh 20304
PHA) @A7h2 W E S OF 0% 351, 20509 BAF Y-S SASHE 2 BE 5 glek. ofof
wet FEDFRL FA5B o UA A A7 918 TRl ndY A AGH0s
A3k Glek. olof u]3l SHh o] SAF ol M TS AT AR gt Tl Sbelof gle),
g2 W 9leIA o] A7} B Rtk B ATE A8 AT 19 BHE FRUAMEE hyoR
APX)TE 9]0 A o] 4 B M A2 MR RSt s A SR A Hch 1A,
ZRlAE o] 712} 28 F4 S LAt B, 197) FYF FUAE] 2R A e of a4 2
B A D mAsheleh A, 24 BeF Au] A28 M%) of o] utet CaseS Lro] 1B o]
wae Ayt A4 Blol gt vl E At o] & Fol BRAHEY 34 $LHS B o
o A 2gle] e ARH R BASGon, EAY FRAZE oA BeA Al W A4
U1 2 Skl ot vhetol 7] % A28 Algstast g

Key Words : 73 2] 2 28] (Green remodeling), Bl &F33 of| 1] X|(Solar energy), &5 7] 3H(Public institution),
©h4% 7 (Carbon neutrality), of| 1 2] A& o] A (Energy simulation)
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BEE-O-7

i 9 ol 7 Agan
4% 599 98 444 A

b =

Evaluation of Regional Applicability of Direct Normal Imadiance
Prediction Models Based on Multi-Directional Solar Radiation Data

O|RI*, WHR|QI** MZI O]FA*
Woomin Lee*, Jimin Baek™, Sungjin Kwon*, Dongseok Lee**'
A AEshat, *HA g st 71535kt

Abstract : A& 2YE| Y 1] Ao 52 ¢l AF8-Z]+= DNI(Direct Normal Irradiance)= U H}F4]
ALHAE T +BH DA SAT 5, ol & 7|Hre = AN A& Ealsto] &85t
of. ey 7129 Akt Bl A7 S SAE BA ol V& A A mdS ARt
T AT S QTS A 5 e GA IS A Al A"EE 1110}0}Lx} ek B e 91
of whet g gl gk 7o) vl go] DAl = & é% gsto], &, AL EL 5 2 ?%U*(TOPH %
°‘E°ﬂ/\ﬂ S5 AAEF dlolEl & &85t M H 2D UAFFHDND I A ARHDHI)S O}L ¥

e o1 9} g el e 485 5 U 252 25/, DNN(Deep
Neural Network)S 7|8F0. 2 WA 2| Alef of| 2 n el S 12519} J8L} o2 nEl S EX vlsf
o2 1ol THrak B9, AAIE Aofe] 9ol e} sk mule] o3 A%2] TS Rtk 54 A
o8 Flwto 2 Sl 7] mUlS ofeld BA4L wdeiA] o] AAIT o3 Ao] AsEl, mule]
ARk of o 8- B AT, T A 8 Ao A T UM ol el9] A 2] S B 2 e
A etol, Wkl 9 Kol 4 S4o] tfet RS Eolm mule] ukah A& B4 A7k 1 2,
o3} 957 b Aol A 712 0] 1k 317 715 2 ofu] Ao] FHHE 5100, RMSE 18.5070]
A 8.8200.2 71459151, 2 A5 Re0] 0.9920] 4 0,998 Z715}o] o5 e} o} welo] olubs} A
o] W A F9 8-S Bkl B 4 e,
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b
rr

EIFEFHIH
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u~,_4

Key Words : U A}A|(Pyranometer), Z|AHE2] T dl(Decomposition), THaF U AL (Multi-directional irradiance),

=
H A 2k AK(Direct Normal Irradiance)
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BEE-O-8

CFD AEH01E 7 24 A4 W] 4% Bte
43 WAE 24

Sensitivity Analysis for Evaluating Greenhouse Natural Ventilation
Performance based on CFD Simulation

HHOIX[Y, ZIM*, IS, 283* AR

Minji Baek*, Seeun Choi*, Hyunsang Cho*, Donggeun Oh*, Jimin Kim**'

A& E7 Sista Rtstel A%} FH A 8Tk S st AZstn

Abstract 1 24 U] A4 217 = W5 v)7] 5o FEFS vA= F83 400, 53] g7 o= duate

Clo 217 0] W8 = a1, ¥ 21 ol AL CID A £ H10] 8.2 21 okl 8471 71151 £41
A 3] AL H7LE 98l N AL skt B Hanl U nd T2 manie] a4 Bhy
= ARk, AlA ZYE Y o 1519}—4 Ao ol T8t 7P 2 gefv]EE A7 sto] 24

E%‘% EEthe Ale FEE Tk 2 A s =9 7] 7| $o A A8 7Hs R CFD 7|k 24 A&

glojd 71H& AlAIskaL, A 27 A5 F7H] A F =S FFA 7= Hl 7S Aoz 7| Eek

Key Words : -2%](Greenhouse), %1 $+7](Natural ventilation), 214+ 8- ¢} 3H Computational Fluid Dynamics), 717 %= 4]

(Sensitivity Analysis),
T Corresponding author, E-mail: jmkim@seoultech.ac.kr
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Analysis of Power Generation
and Indoor Illuminance of Photovoltaic Blinds

S0, SIRHE*, HbAS T

Chaimin Hong*, Jaebaek Heo*, Sanghoon Park**'

#QldTysha Tt Ak}, QAT ek wA A%k
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Key Words : Bl %33 52121 = (Photovoltaic blind), 274 & (Electricity generation), Z = (Illuminance), &2} = &
7+ (Blind slat spacing), B} %34 2% 14 H](PV module width)
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PV Module Technology for Low-carbon Circular Economy

O{EF* HiS* LA™ o|RIAM 27 |apT
Young Joo Eo*, Soohyun Bae*, Kyung—Soo Kim*, Jin—Seok Lee™*, Gi—Hwan Kang™*'
o U 2] 7] A kg Ttet, HEgkaRo U A AL AR R A 28 A A

Abstract : To mitigate climate change and to obtain global carbon neutrality, the expansion of renewable energy
sources is of paramount importance. PV modules are widely regarded as one of the most promising technologies
to lead the transformation towards decarbonized energy systems. However, the manufacturing of PV modules is
associated with initial greenhouse gas emissions linked to the procurement of PV components. Therefore, this
study focuses on minimizing initial emissions to improve the overall environmental performance of PV systems
as well as its recycling process.

In this study, it is shown that PV module manufacturing with low CO2 emisson is feasible. And also, the module
efficiency, energy requirements, silicon consumption and electricity mix used at the production location are
significant factors for the reduction of environmental impacts.

Future research will focus on realizing strong mechanical properties without compromising the resistance to
weathering-induced degradation. Moreover, extensive testing methods, which are typically applied for PV
module testing (e.g. damp heat tests and thermo cycling), should be conducted to ultimately determine the
performance of those modules.

Key Words : Renewable energy, Carbon neutrality, PV Module
" Corresponding author, E-mail: yjeo@kier.re.kr
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Potential of Airport Photovoltaic with Improved Safety
for RE 100 in Korea Airports

Siz=*T  Z|zmow*

A o1
Hyung—Jun Song*". Chungil Kim***
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Key Words : 3-8} Bl|9F3% (Airport Photovoltaic), RE 100, ~-871-53t 918 (Acceptable risk), A %F (Potential resource)
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Optimization for Enhancing Ag Recovery Efficiency
from Waste Solar Modules via Electrolysis

ZMY, g, erEge!
Seyeon Cho*, Suhwan Kim**, Jongsung Park***"
ATt o A A A g sk}, FE A= st v E e At 4,
g A st o v -t

Abstract : The increasing annual production of waste solar cell modules necessitates the development of
effective disposal technologies. Silver (Ag), a key cost component in solar module production, has seen rising
demand. The conventional process for extracting Ag from waste solar modules employs a continuous process
that simultaneously introduces Ag and Cu, leading to reduced recovery efficiency and low silver purity.
Furthermore, the existing process is intricate and necessitates the use of hazardous chemicals such as H,SO4 and
HCI, and result in CO, being generated during the procedure. Consequently, this study seeks to develop and
refine a novel process intended to improve the recovery efficiency and purity of Ag from waste solar cell
modules. This study aims to develop a novel process that separates Ag recovery from Cu, incorporating
electrolysis to simplify the process, reducing toxic chemicals and CO, emissions. In order to emulate conditions
similar to the Ag extraction process from waste solar cell modules, a defined amount of Ag shot was dissolved
in an HNO;s solution to prepare the Ag leaching solution. A leached Ag solution was diluted and introduced as
AgNO;s solution into a SUS bowl as the cathode. For the anode, a Cu wire immersed in the AgNO;, and a
constant current was applied to conduct the Ag recovery experiment. In this process, a 99% Ag recovery rate
was achieved by adjusting the AgNO; leachate dilution ratio and the stirring conditions during the recovery
experiments. In this study, we observed that higher dilution ratios reduced recovery efficiency due to their
impact on electrical resistance and mass transfer. Additionally, varying the stirrer speed enhanced Ag' mass
transfer and prevented local depletion near the electrode surface, thereby improving Ag recovery efficiency. But
when the stirring speed exceeded the optimal level, Ag recovery efficiency decreased, as it was observed to
disrupt stable Ag deposition on the anode electrode.

Key Words : E]9F34 H X5 (Solar waste modules), 2 34~ -5%(Silver recovery process), 3<=8(Recovery rate),
AgNO3, dilution ratio, stirring condition
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LID Healing Process with Remote Heating Method using
High Frequency Resonance Electromagnetic Field for
PERC Solar Cell Module

OIET***, HIBE*™, Zpar’
Taegyu Lee®*** Yonghun Je**** Soo Min Kim**'
R e TSP P RN B )S

Abstract : The demand for high-efficiency solar cells is rapidly increasing in the solar cell industry. Currently,
p-type PERC solar cells are the most widely used, achieving approximately 22-23% efficiency. However, they
suffer from light-induced degradation (LID), where performance continuously decreases under light exposure.
This issue is more pronounced in high-efficiency cells, necessitating the development of LID prevention
technologies. One such technology is a regeneration process that simultaneously applies light and heat to solar
cells, preventing performance degradation during outdoor power generation by continuously recovering output
after photothermal processes. While effective, this regenerative state is lost during the solar cell module
fabrication process, and LID can reoccur in outdoor installations. This research developed a method to remotely
heat only the solar cells within a module using an inductive magnetic field, creating a regenerative state without
damaging the module's plastic materials. A half-bridge resonant circuit was used to apply the magnetic field,
and the current was adjusted to control the solar cell temperature. Infrared temperature sensors and thermo-
couples were used for temperature measurement, and an infrared camera analyzed the temperature distribution
within the module. Real-time open-voltage data was used to observe minority carrier lifetime changes, and
dynamic simulations analyzed the photothermal activation energy during module regeneration. This led to a
renewable state accreditation study to prevent LID at the module level and the extraction of photothermal
activation energy. In conclusion, this research developed a non-destructive anti-deterioration technology at the
solar cell module level, contributing to the advancement of the solar cell industry.

Key Words : 3J€3SHLID), 2251} 3% Zx}7]%H(High frequency resonance electromagnetic field), 2 7}< (Remote
heating), PERC(PERC)
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Development and Demostration of Building-integrated Photovoltaic
(BIPV) Modules Utilizing Apartment Facades: Current R&D Progress
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Building Integrated Photovoltaic System Standard Status
A, RolBK, AURE, olsE*
Kyujin Kim*, Seungjoon Lee

Deoksung Kim*, Euihwan Ryu
A=A SR F A A
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Abstract : o) A 2 EH= A 2R AZE 2| 53} %
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Measurement Method for PV Module's Output Characteristics
by Simulator Considering Various Installation Conditions

HMEf5*
Taehee Jung*'
“SIAG] 1 A1 B 9 A e 7] & A
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Key Words : El| %33 X5 (Photovoltaic module), Z|t] &2 ZA % (maximum power determination), ]l %33 A Ed| o] €
(Solar simulator), A1 U] 24 % (Indoor measuring method), ) AFZFH(Angle of incidence)
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Standardization Strategy and Advancement of Recycling Systems to
Strengthen the Competitiveness of the Solar Industry

g
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Analysis of Outdoor Data with Crystalline Cell Design
and Module Material Properties
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Performance Evaluation of PV System Built with used Solar Modules

QYUSH Z|RIS* SXUE*, QAMOI* ST|HH* BASHF AFIK Qkpptr*
Wonwook Oh*", Jinho Choi*, Jaehyeok Heo*, Sungmin Woo*, Gibaek Hong™*,

Seunghwan Ryu™*, Hyukgeun Song™*, Sumi Yang™**
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Key Words : R A8 €] &F3F W5 (resue PV module), A5 E 7}(Performance evaluation), A &8 (Recycling), Bl &F3% 2
Z 2 (PV system), 1] A0 X] (Mismatch)
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PV O&M Technology using Inverter MPP Data and Al

ARF* O|RIAM* ZmAE* Spefol*, TAISHT
Woogyun Shin*, Jinseok Lee*, Youngchul Ju*, Hyemi Hwang*, Sukwhan Ko*'
et U 2] 7] AT, ARAIAI AR A

Abstract : Currently, countries around the world are promoting energy transition to mitigate climate change and
enhance future sustainability. Among various renewable sources, solar energy holds the largest share in this
transition. As more photovoltaic (PV) systems are installed, their contribution to total power generation in the
grid continues to increase. However, since the power output of PV systems is influenced by weather conditions,
accurate power output estimation is essential for maintaining grid stability and evaluating energy production.
This paper proposes a data preprocessing method for a machine learning regression model designed to estimate
PV system power output using solar irradiance and module temperature data. The novelty of the proposed
method lies in the normalization process, where the measured voltage and current values are divided by the
corresponding values calculated through a mathematical model. This approach led to the development of a
regression model with high accuracy.

Key Words : Q1 E] ©|o]E|(Inverter data), |t} &3 % (Maximum power point), Ej%>3(Photovoltaic), 2135
(Attificial intelligence), -3- %] ). 4>(Operation & Maintenance)
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Electric Safety Standard Study for High Power Photovoltaic System

UZEFT  Zz* Hejs/*, Zae
Jongrok Lim*", Pilkkyu Kim*, Taehee Jung*, Sungwon Kim*
A 7| S A Y Al A o U R 7] Al E]

Abstract : ol A= B F AFQ] o] IS S=XISEAL Qlom, 24 113} A 2 4= 7] A & of| 4] 2030
G7HA] e o] A Hg B3 E 53.8GWR 20.1% 43 H*i 53Tt ool whet 2030 71A] =
B A du] o] 2 &A1 S o] el El= Aol Al BlFE AIARY] 8 a1 aRlo] B QI
B, A&l A4 2 30 AR 71 A8kl BOS HE9] 4 S STz a9
A7) A= gRzE @ B Qlok B3 gholy Al g ol Al AN -3 argt FEelEA a9 ARA
% &g oll W SR oA B g d e f 2, QI E, 5T KSIFAIE ARE-S o F-3)gtol| whet
TS ATt A e g Sojubal QIARE B &3 Ao AR oz QIg A9 o
2ol EAsto] 2| o2 L g5t

Joll & =wol A= B4 B.OS 5 & /o] o] AlF s H ag ¥
2d R SHo s §AXL Qe T HA| F23} ol o] IEC 229
TFQIME, H&TKS 330 P A AR 7)ol tieh A5 ) skat gt

> o

ok

Key Words : €253 2F4 (Photovoltaic), 2172 9FA A (Electric safety), 1152 (High output), <8} (Junction box)
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A Deep Leaming Ensemble Model for Fault Diagnosis in
Photovoltaic Systems Using Time-Series Image Transformation
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Key Words : A|A|E d|o]€] (Time-series), ©]1| x| ¥Z} (Image transformation), A2 (Fault Diagnosis),
(Deep Learning), A& (Ensemble)
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Development of Arch Roof-top Solar Power System Applied
Floodlight Bifacial PV Module in Water-channel and Environmental
Effect Actual Proof

HAG* s S|
Kyungyoung Kwon*, Chulhee Klm*T Unki Han*
#5434} 9ol A
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Key Words : <=2 23} gl 9F33(PV-system in water-Channel), Bl %33 2F7 4~ (Solar power system), % H & W 5 (Bifacial
Module), Bl &F3313H2] A Al (photovoltaic system), A1 2 AY of| L X](new renewable energy)
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Efficient Charge Seperation at Localized 2D Ferroelectric Domains
in Perovskite Solar Cells

=g

Dohyung Kim*"

ek At

Abstract : 74 5442 AP A7) #55 Sl A&AQ st kA £2E S0 4 syt
2 AtollM = 71E9] PNAR e A ef AgHe AAHA(2D) Hl 2 HA7 0| EQ) 77 4A] AR A&2%
Aok Fe] S 270 T & Aol A 2D s B AL E Fo] AREE B 71 ge
2 Ao P o] EA T REATLO|E gof MRS AR on, o] T2 3D HZEAvo|E
S Slol FEEUTE S ol FEE 5 Foe HzEAvo|E W A YA 2 A% Wi 99 &
Aol FgEH, 252 RS Hiool At F 2ARS S 2] He Ae glstds Ut o] 2%t
e 7 Y e et A9 Aol & FAske] Stk AA-AE A Rl Sad S Tyt 2

A A= A PN {57 sho| B2l = w2 HA7Po | E g A] Al w3t 719E A%
5, o] 5 F3l 26% o2 A W aEs AT = e HolFyh

Key Words : 3| 2 B2 A7}o]| E g 9F 7 X](Perovskite Solar Cells), 74-3-% A (Ferroelectrics), 821 Q1 A3HE2] (Efficient
charge seperation), Z X} (Two dimension), PN} (PN junction)
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PVE-O-11

Scalable Electron Transport Layers Design for High Efficient and
Stable Large-area Perovskite Solar Modules

Da Seul Lee*'
*SKKU Advanced Institute of Nanotechnology (SAINT), Sungkyunkwan University

Abstract : Perovskite solar cells (PSCs) have attracted significant attention due to their rapid improvement in
power conversion efficiency (PCE) within a short period, making them strong candidates for next-generation
photovoltaics. However, for large-area commercialization, achieving high efficiency and stability while
ensuring scalable manufacturing remains a challenge. In this study, the effect of electron transport layer (ETL)
on the efficiency and stability of large-area solar modules fabricated through a scalable process is investigated.
The use of conventional colloidal SnO, nanoparticles (NPs) as an ETL can lead to poor film uniformity,
resulting in poor charge transport and stability issues. To address this, we propose a novel concept of ETL
architecture incorporating colloidal SnO, NPs with enhanced efficiency and stability of devices. First, an Al,O;
interlayer is introduced to increase shunt resistance, ensuring improved performance even under low-light
indoor conditions. Next, Zn-doped SnO, nanorods are deposited on top of SnO, NPs, forming a bilayer structure
that significantly enhances electron transport properties and improves light-induced degradation. The proposed
bilayer ETL design is expected to contribute to the development of high-efficiency, stable large-area perovskite
modules, while also enabling flexible, low-temperature R2R fabrication. This work provides a promising
strategy for advancing the commercialization of perovskite solar cells.

Key Words : Perovskite Solar Cells, Electron Transport layers, Solar modules, Large area

T Corresponding author, E-mail: leeds535@skku.edu
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PVE-O-12

Novel Characterization Method of Recombination on
Metal Contact using Only Suns Voc Measurement in
Silicon Heterojunction Solar Cells

Cheolwook Kwon*, Soohyun Bae*, Sanghee Lee*, Yunea Cho*, Yong Jin Kim*,
Hee—Eun Song*, Mingu Kang*, Sungeun Park* Soo Min Kim**,
Hae—Seok Lee™*, Young—joo Eo*'

*Department of Photovoltaic Research, Korea Institute of Energy Research
**Emerging Materials R&D Division, Korea Institute of Ceramic Engineering &
Technology
**Graduate School of Energy and Environment, Korea University

Abstract : To enhance the efficiency of silicon solar cells, extending the carrier lifetime is a crucial approach.
Among the representative methods for analyzing the carrier lifetime characteristics of high-efficiency solar
cells, the Suns-Voc measurement is widely utilized. The Suns-Voc method enables the extraction of the
effective carrier lifetime and Jo.(emitter saturation current density), Jo;(diffusion saturation current density), and
Joa(space charge region saturation current density). To measure Jon(metal induced saturation current density),
one of the saturation current densities, a method has been proposed to determine it based on the contact area
ratio between the front metal and the emitter in PERC solar cells. In this study, we extracted Jo, of SHJ solar
cells with over 97% accuracy by applying a nonlinear fitting algorithm to the Suns-Voc results, eliminating the
need for additional sample fabrication. It was confirmed that Jomgon(front metal induced saturation current
density) is the dominant recombination loss in SHI solar cells. This study presents a methodology for analyzing
process-specific losses using only the Suns-Voc measurement of completed cells.

Key Words : silicon heterojunction solar cell(A 2] €f|FZ# A]), saturation current density(323} AF UI=), metal
= &4 A7 W), Suns-Voc measurementCEE-HAY Z4),

[e]
effective carrier lifetime(G-8& A3} 1)

AN

induced loss current density(d=+

" Corresponding author, E-mail: yjeo@kier.re.kr
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PVE-O-13

S48 AT Ao SHo| HepA Ayl mAE

Interdependencies of Hydrogenated Silicon Nitride Film Properties on
Solar Cell Performance

LA, OJEIG, MMPN P, S, YR, s, S312%, T80,

HYEr, AL AR, oshA™, Zol*, o|as[*, Ats*
Munse Kim**** Jin young Lee®* Se woo Sim™*** Do Hoe Kim****,
Yong—Jin Kim*, Kyuhyeon Im*** Hee—eun Song*, Sung Eun Park*, Yunae Cho*,
kyung Taek Jeong*, Hae—Seok Lee™, Min Gu Kang*

Sang Hee Lee*, Ka—Hyun Kim***
Hehatol Y X7 & A e, e st o g x| e ek, *HEFE s Eef skt

Abstract : 523} Al 2] & ASUKSiINGH)S 244 A s FAA|of| A REAF BF 2| abat s o] 3
e %/\] of Yotz DAl A4 Kol 1y 59| ket E A 2/do] FA 5ol mlA|
L o3kl o] A3 =5 3] o)l = x| ka1 gt E o 5Lof| A= passivated emitter and rear contact (PERC) E}f
FA ol A SiNx:H 24d o] gjAjwjo]d F4, e B4, 24 5ol nA= 9FE AAH = 24
s}glct. £3], SiHy/ NH; 7?’\ e HR*)E 24 sto] 240& M Z] 215 AT
R* gho] S7}stH B& Ui 424 shefo] F7tshA|ut, A ”‘57} ol At g AlHo] A B4 o] ¥z}st
act Ao Ao d 272 R* =0.090| 4] DA =]l o, o|uf 7P =2 117 Ast W= (QHet 71
F2 AW ER U Dity7F el AT £AS aatA o g ARstoint. 3ty B4 A3k R ghol &
7138 Z A o] sk, o] o whet 7k REARE o] S7FekaL 7|4 ST A3t o] gt A 5ol A st
S1910h Rk, A ARV BAGAL TGRS gho] olu]e] £ @A fueto] £ st oo
o2 AT 771 A 0= ek,
olefat A 23k SiNxHE| SrsterEd 2 Ao] mAllol A @ Bt A% slol u 2| RS 4
xom s, g A4 ARl B AES 95 Fast £ A B,

Key Words : SiNx:H films, plasma-enhanced chemical vapor deposition, solar cell efficiency, film composition
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PVE-O-14

TOPCon BJ%A A A SiNx 29 447} 39 poly-SiY

mAE 9%

Effect of Hydrogen in SiNx Layer on Back Side poly-Si
in TOPCon Solar Cells

(l):Iﬂ_gd*,**, lel_l(g***, AEIIA-l_?_**‘***, %}Eél**,***, 7I:I|_E_A_”*,**’ 7|:||gx|_|**, Olgil**’

HAE, 2o, S52%, TR0, ofsfAtT, ZTpe!

Kyuhyeon Im*** Jin Young Lee™* Seo Woo Sim™*** Do Hoe Kim*****
Munse Kim*** Yong—Jin Kim™*, Sang Hee Lee™, Kyung Taek Jeong™*,

Min Gu Kang™*, Hee—eun Song®*, Yunae Cho**', Hae—Seok Lee*',
*kk T

Ka—hyun Kim
TSR A ABA Y, R A& AT P, P RosE Besta)

Abstract : This study investigates the effect of hydrogen content in the SiNx layer, a crucial component of
silicon solar cells, on the poly-Si layer at the rear side of TOPCon solar cells. The SiNx layer was deposited at
different temperatures ranging from 350°C to 530°C using PECVD, allowing variation in hydrogen content.
Furthermore, after annealing, the impact of blisters formed during the process on the efficiency of TOPCon
solar cells was analyzed. Optical microscopy, SEM, and AFM were used to observe the formation of blisters.
QSSPC and TLM measurements were conducted to evaluate contact resistance and passivation characteristics.
Additionally, FT-IR and exodiffusion techniques were employed to measure bond density and hydrogen release,
providing insights into hydrogen behavior before and after annealing. This study demonstrates the influence of
hydrogen in the SiNx layer on the performance of TOPCon solar cells.

Key Words : 9] A|H]| o] A (passivationr), 7] (blister), = %] &} (contact resistace), A 2] 2 3}4}(Silicon nitride)
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24 bl A7 9% 2839 g AREY A
JEYE 933429 717 9N

Long-Term Thermal Performance of Heating System Integrated with
Heat Pump and Small-Scale Seasonal Heat Storage Tank Using Solar
Thermal Energy for Energy Saving of Green House

Ol FEZF, ORI, S-S, 075>

Youngsub An*, Hong—Jin Joo*, Wang—Je Lee*,

Kwangwoo Han**, Kyoung—ho Lee*'
Fotto| Y R 7] & Y AR AA A ATLA] ) FEg o | 7| & - oA ICT A5

Abstract : 5 G151 1,000% 729 obelth A8 AsHs Ml dshe s A4S O R Bl Te
ARG 7ol S EHR §3 BBFALBE FEIL 4] AF LA SAstelch. AR FA 2T
£ FH 2 271040, ALLG50m), B3 2(100m), 452300, 5| SPZ(125R), - G2ie)
sgoz st on, Brd gl Bua 13 uy 1979 JUaaR Tstdch. AT
e 240l K310 AT L8] YAYAolek AT} ST L 1Y HA719} AL 4
A7)ofl QA w o] AAFE A A, SIEHLE ATk 9 A Fol] ARH DS AU BEStel o
w28 Fo) Ao LS B AFS R BFFA L] THL 7|2 LA A FAT
T 7 ALE o 85t 1AM A8 Sl A GY1E XSk A ofefel = SlEH Lot A F%
A2 U5t on 7IAA el AZLE, v 2, B e, 2GR0 A28 Hste] M-S 7]
3B ER A A9 0.2 Aiste] 753 o] BAolth 15 Bl AF LS FRHUNS G 71

A thu] hgolul 2] 2Hlsh Gl vl A 1] gl thatel 31 A7) 23k Blol e 2 £ stac.

Key Words : Solar thermal collector(E]%F& Z € 7]), Seasonal heat storage(#]|7F%), 3]EH Z(Heat pump), Green
house(£-41), WHfof| A %] (Heating energy)

" Corresponding author, E-mail: khlee@kier.re.kr
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STC-O-2

olFATUY AE79 AewA wFHe nE T
Al
3

H
EUy

Analysis of Thermal Performance of a Double-Glass Evacuated Tube
Solar Collector According to Changes in Working Fluid Flow Rate

LS, OIYA*, FEXI, otdM* o|E@E*

Deukwon Kim*, Wang—Je Lee*, Hong—Jin Joo*, Young—Sub An* Kyoung—Ho Lee*'
Folatol| | 2] 7] AT AP A| 28 LA

Abstract : AT A L2 SH ARE thAD 5= = 7P A diet 5 shubelm, 2L 5 i of
U= A4 @ &80] 7Hsste] 2 v e G8&s 7t B E JE7le 2 VIt 26

w0} £ ok 2]el Agl Aulo]n], FA] 7242 150980677 Al oJ ek 114 7] 9] A% BbgHe] 7
A% 31 gk, TRkl Sholl 4= KS B 8295 7248 Bl 4 Q1] A91w 3 glo 2l Aol A 4

Q7] 5-RA) R o) U FEF 71%0] 257 AHolekolo] B AT ol FUFUYY
A7)0 A A5 HAO) W f3F Astol vt AR 02 L AS AT A5lA(0.042 kegs)ol
A TLEEH0.092 kgls7HA) & 374A) § A G AR st om, 2 o 204 47 AT £

= 2718 2§5}0] SISO 9806) 3 ASHRARZ] 22 OR B0 i8 RS EESIT,
AIFL 130 9806 A] FA 0l A L5He A 2ot AAH Tk AW Ak, §F Sl whet Bt
AZel 2 of 6% STt om, 13} A&l A4 7}0}@* ou}, 27} eg A Rraste Ae b
ehuich W AEL arne] ABASS $IF B4 A HR e u, M4 §
33t 71 vhato] Waste. i Ao Avks 5 Bk AA7] A% 7} 7120) Bekul 27} )
A8 9972 A B4 4 9e Ao Yt

1

014

Key Words : 5% (Flow rate), BjFE <& 7| (Solar collector), &A5(Thermal performance), =+A|12 (International
standard)
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STC-O-3

Design and Economic Analysis for Industrial Process Heat Supply
System with Solar Heat Pump

Uz xMS* o|7t2b*, HAI2*** Muhammad Faroog™**, BFRICH***

Byung—Ju Lim*", Sung—Hoon Cho*, Ga—Ram Lee*, Si—Eun Kwon***,

Muhammad Faroog™**, Chang—Dae Park™**
A AT AT EIIAA A, sl edgtistd gt ST AA A

Abstract : =Uf 1] 3G oA ARE-El= Dollv Al tl 2 shA Aol 7]REsEaL Qlof 47}
2SS ekl Qlek ofof whe, A A Q] B F AT} 7| E S EHE Vee T
% 3Z(Solar Heat Pump, SHP)E &-§-510] AF& BolU A 35 AlLHe FAT =M, sHA AR 7]HE A
LEE FEA R B Ao gt gha v &S A 4= 3l 7Rs Aol AIAE AL . &
Aol A= 0.5 th §7F2) LPG R A= E ARg-sh= 4 5789 SHPE AR Eo+ AladlE =3t
AL, TR 4 AurE] Lo mhE s B A& B4 ST 53], Al | AR of mheh 7] 8.5
sk}, A7) 8go] AgRE ogE AJZHH|(224]-8A])0ll & S =of vl A% st= A
HE 2G5k ofoll mbE Al AT st BAI S 7s ] fis) kol 7Rk AlEE ol
o] A AI5(SPF), A%t 2% vlE, COMIET 5= 43T AlEd|old 23} of
7} &5 SPFe thar sk vh, A2 A E AL COHlE e 5718t
= AtAE 0l A8 7 Aeka oA AlaEe] A B 2 dEF |

RS |

e
re

1

S~

Key Words : Ej & o] X](Solar thermal energy), 3] & 3 (Heap Pump), AFH 3574 & (Industrial Process Heat), =<
(Thermal storage), 4] 0F4 7] (Night-time electricity)
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STC-O-4

A7t B BA 7o A HERE BEY 4T %l

A Study on the Performance Evaluation of Photovoltaic/Thermal
Module with Self-Overheating Prevention Function

OB, MS3*, oM

Wonhee Lee*, Seunghyeon Seo*, Minsuk Kong*'

7bdsb A - 2y

Abstract : B} %F33-E(PVT, Photovoltaic/Thermal) 2 E-2 17| 2} S-S T A of AAFSH= AR ofju] R] AH| =2
Al oY R A4k Bg&Ad o] ot XeH 75 wofol| A AL Sk 1yt AlE A @ Q1a) E4121%) 9
Y| 2oH] i 0 2 Qle dhd EA7F AT 4= glom o= g9 5 As d S fUE 9ol
Utk oA gt FAIE sl AsH7] flBliA & Aol A= A7 E WA 7 eS A= PVT Hegg AA 9 A
2bstal /d5 B7HE sk Th A7 i WA 75 & A= PVT RE2 JE YA S St € A33d W
Ul EUT LE S A Ao Y 2AS Sl B HES Zatelo] A 2 AR Hot) 45 B
75 915 AF AL QAT U B E AA7 2 80| TR el g A 9 ALEen A QA A
el 2.2 7ike 2 BE AA\7F 45704 PVT 5] o W A7) AL A58 B7telolc) e B
o] A dALE =Y A A HEYZ ol T olv A S-S 2= A7F E WA 7]50]
THEHES RIS A HE= dAFo] 22 W 5 BEY & A5S AAAI 7L AP §l=
A9 Eeto] Ao £EH €2 33T 5 U= Ikt Bste] &4 WA o ohE PVT 2E9)
A4S st A& A8 7Hs S Bkt

O

e

Key Words : E}| %33 (Photovoltaic/Thermal), X7} 1} HFX|(Self-overheating prevention), 455 7H(Performance
evaluation), 715 ]| ] x| (Building energy)
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STC-O-5

53 g 379 PVT 5% 94 559 9 9 A7)
A% A48 B 494 AT

Experimental Study on the Thermal and Electrical Performance of a
Perforated Air-Based PV/T System

Ashg*, A, zlas*

Ha Seong Kim*, Young Won Kim*', Gwan Yong Choi*
A | e d Y ol U A Y T1E

Abstract : PVT(Photovoltaic-Thermal) A| 2812 A 719} & o J x| & FA|of] AHAlslo] Hubz] ol &84 7}

A AL S Aol S8 45 AR ASS L o A PVT S
A S Ak, A g 14 48 5ol oA A5 245431 Ae. ol VTl 1 e
SF2 A gstel & % A7) A& PY BNE BHGI 23 H4 L STARCOMHE F3to] & o

A8 BAISIRLOm], A8 A 5-S 150 60904-9 0] whel Al efoke) Al a0 €] 5 o] 5te] 42
LA HAEHE e W A Y PRE @ RS B0 R FAAA 7% F71F PVT A
WPV R SEE H 4T WE 5 AALH, olof el 17| Af A5 2% Fol R

2 19, l>’ o2 :10
T o

o 38 Jlm
= O

ﬂ?‘iﬂk £ AL B UAE PVT 58 i o] 713 3719 PVT Al 28] oju] 953 & 2 7]
B2 AT 5 9SS APHOR YFshon, Bof-g Be AL WY A P 913 7]
2 ARE BEY 5 S AR |dHh

Key Words : Photovoltaic Thermal(PVT), 37| 2] PVT A& E](Air-PVT collector), & 7]-3%(Air Flow), & & -&(Thermal
efficiency), CFD(Computational Fluid Dynamics)
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WEC-I-1

(>

14219 244 INFY SAE Ao

Control of TLP Floating Offshore Wind Turbine

O|Ab*T
*KAIST 59553t}

Abstract © Pre-tension H1H-& &3] A 1L 5= 121 (TLP) WAl o] R34 38 EHES
Heave, Role, Pitch -2-5-0| A|3+& 0|1} Surge, Sway, Yaw 52 A& 0 &2 I}, ufeba] A4z w2

3
ol ZHZ o 2 3= ZHEHIL ZE| AoV = 3| 43t Surge Sway, Yaw 52 2 A|5l= A o] F a5}
], Al ol o]of] e = o] = Ul EP% 315 S7HES AP sjordtth & %LOM’“PIXM 715Ee]
NREL ROSCO A|0]7]& o]&5to] AAF &l =23} 314 27 o @ KRISO-KIER 15MW TLP Z2iZo| |3t
e sastglon, 28 4%, %a& <%, o & 241813} 71% Monopile #]017) 2}
UMaineSemi A| ] 7] & 0]-&5}o] TLP = AL A5 oM, o] 2 1 # 3 TLP ZE A o]
71 A 9 AE-& Sl 71E Alo17] thv] 2E A, EUF 25, 5k 54 SN FYE AE &

A5t

Key Words : Floating Offshore Wind Turbine System(3---2] 3j4%2] A| A "), Tension-Leg Platform(214-2}d S0
Controller(#] ©]7]), Platform motion(3--3-] %)
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Preliminary Design and Wake Effect Analysis for Floating Offshore
Wind Turbine System Adopting Low Induction Rotor

dto| s
Miho Park*"
57l dTY 2HA A/ ] A AAE

Abstract : Low Induction rotor was applied to design a lightweight, thin, and long blade. NREL WISDEM,
which enables system optimization based on LCOE analysis was used. Optimization was performed by applying
a low induction rotor with a diameter of 308m and a specific power of 335 w/m2. The gap between the mean sea
level and the blade tip was 30m. Accordingly, the hub height was limited to 184m. NREL FLORIS tool was also
used to perform a wake analysis of the wind turbine, and it was confirmed that in the case of the low induction
rotor, the thrust was applied lower than the Cpmax technique design that maximizes the output, so the wake loss
was less, and the separating distance from the wind turbine located at the rear was reduced.

Key Words : F-5-2] al|AF3#2] A| 2 Hl(Floating offshore wind turbine system), A] 2~&] %] & S}(System optimization),
73 =5} A A|(Lightweight Design), <41 (Wake deficit)
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Analysis of the Effect of Motion Correction Algorithm on Floating
LiDAR

Y37+, etojs*
Hyugnyu Kim*" Miho Park*
A57lEdAd I-AAERIFE A Al

Abstract : 2 A= F-7-4] ko] th(Floating LIDAR) A| A8 9] A|S A1 2|5 o]7] 9i3)] i B
A Gl B av 45 9 2A o2 £4& sl 3= A B4 2holh AlLE 2 S s

Al o] of 97§ A7t A ) Bl EF = /2w, FqAol “Zlﬂ glofel =3 ZulE S8l FrAl 2 7s HH
e AT RARAY daB|E A8 A A5 Aol AR a4 718 AS dlolE ek v
T’L—EOH s, dolg dF 9 B4 102 Fatgko] ARSE ek 24 714" A5 o]
Ejoke] Hlul A3 Ao w2 B Jotee AR g2 YEton, 535 l gtojtt 5 A= |
=9 Hlolg 3l ol wet A5 AeErh Febde gk

Key Words : F-3-2] 2}o|t} A| A E](Floating Lidar System), 241 % % k31 2]<(Motion compensation algorithm), 34
= X (wind speed correction)
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WEC-0-3

Analysis of Relevant Criteria and Application of Structural Health
Monitoring for Wind Turbine Support Structures

oo T = =% = *
d=2=2", 8Es" o=

Moonok Kim*', Jongho Park* Hyeokjin Lee*

F(ER) 2T A Y o P etoldla] 7]EAta

Abstract : T8 XX F2EF0 AXA ALt I E 7|E/RF/AH S 2= IEC 61400-6 : 2020, Wind
energy generation systems - Part 6: Tower and foundation design requirementss’, ‘DNVGL-SE-0439 Edition
June 2016, Certification of condition monitoring’, ‘VDI 4551, Structure monitoring and assessment of wind
turbines and offshore stations’ 5-©| A gt} 12| 0k o] 5 & of wjet T XA FREof A A|AHS
M8 o el AR ARkl it A7 BEE Aol th A7) Y|zl e XX TxE ARA
AN 2|2 A A 250 A oF oA 7} Qe thedet AR5 Ao = U E S 98] 4]
| = qlem, o] 2gt A3k AR F2E 0] A AFH o) WSE A AIStL AHE ol S5t AHE-H
= Ao® AAstaL ik B3, 2 ARG FAA LTS A A F2E] A 38 oA &
H 5 UEs 225 HE - Yo ns 25 S Qs 1S WAk Efol 2
Ao g AAISEAL Qlet. whebA 2 Atol A= AAl $8 AR FRE| F2E UG ZUE P Al
Agoto] AAto ® 250 AT = =5 53l

o %O
o r

Key Words : Wind turbine support structure(32] X| |- Z-&), Structural health monitoring(7-% XA ZUE ),
O&M (-2 2])
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Development of Easy Access Cloud-Based CFD Application for Wind
Plant Safety Monitoring Application Through International
Collaborative Research

oxT k¥ = * O APk S{=*
HES™', U™, o™, 2a&E", S

Yong—Yook Kim*', Chong Peng**, Hyungyu Kim* Sangjoon Yoon* Hyunjong Kim*
*NE7|ed Y IHAAE A AANE, *¥Engineering Software Steyr(2AEZ|o})

Abstract : F4-5 7149 7] & F 414 0= )AL 9)5te] @ A E 2]o} ESSALE H]£5}o]
v%J 78 AsAF A 2AR] AUDIRF 71 &] 770 0] /42| 7]¢Ho] o9} -2 54 OE FTEoE AN
= RFYB}aL Q= AEAF A ok 53} CFD sj 4] 7| 7N 24| Eof ojsto] U o] 58 oo &
257199 15} o4t 5 A AN oA = A ARl s A= Hl -85 AR 4= Sl
S 7]9EY] 221 oAl CFD 223} 28| 1 9] & o7 7WdslaL, o] & Hg o = S ehx| 9] Wit
AR Cﬂl]—Ob— TR XA FHY AlF @GS sl At ol Sste] BUEFR o 283 4= Q)
71 st A} gt Wi sl A ah Al sl A ol A= GPURAARS: 58l AL =2} 34 o] A4
T%*”\l 2 4= = TEE A 7S A-8-gth A =8l A of = LBM(Lattice Boltzmann) 7| -2 2]-8-
a1 A =8l A /\4 of| &= SPH(Smoothed Particle Hydro-dynamix) 7| -2 -85} 112} gtc}. 2 dhg o= B =
AlF-F Ao AAA ] W& e = ojEejAlol o] SeHEE Fof L= o] AAFoR HAA

1:'% Z'\_ [ RN ‘— 1:]}-0]— /\7HU].q.

Key Words : 244 (Wind energy), W5 7 &= (Turbulence intensity), Al = (4F72), 31432 (Offshore wind
energy), I-E] 2 7] ¥ (Particle method)
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Development and Thermodynamic Performance Analysis of a
Small-Scale Organic Rankine Cycle (ORC) for Low-Grade Heat
Recovery

sixte*, e
Ja Woon Park*, Young Won Kim*'
AL | 2 Y I-HA Y e AT TE

Abstract : 0] 37| 52 Q1T T vl & Aol IAIALE] Q] F=8 A& KSR wheh, A& 7he Rt oy
Al FEe A A NUA 71ee] mio] B o R 3551 it o] 7k, 7] W T AlAH
(Organic Rankine Cycle, ORC)2 7|£9] 7|&4]- 74 A 4] A2 lsf B-&-5#] 3Ll d T A2 Hd< 2
o] S A = Qe 71e 2 F5EAL )tk ORC Al &6l 7 ppof A e vl &o] Ay 3]
Al Fom, JHAoR Y2 AEnE o8 22 uA] g BE&e 94T 5 ks AolA oluA A
& 7|E2A Y HA S BRSkaL )t 2 Aol A= 20,000 keal/hro] A2 2= 140C Saqf i A2
¥ E Y& E85to] kWi A& Yabshs 27 ORC A LTS s eh AlA] 9 2hsFAl = 2
D891 &4 275 113 3ho] HFO A2 9] R1233zd(E)yE A7g skttt ek, & a8, 74, Wi++4,
I AAF Y A7) S FEA R o] B2 ¢ Ao Agd Tt v S HEle A 3
Wsktt. BHle] de A5 s CFD £4& 35t on, Al2d 2740 A] 71 HEd o] 54d0]
A= FFE B45Ee] ORC A|AH o) B3 Bas F7IsIT. & 78] 2k St A2 H|E 9
AR T Al AH 0] mEA A 9 &8l 7og A= VdiErh

off rl
o
ofl 4

Pat=1
T=

Key Words : 37 ul-4 (Organic Rankine Cycle), Z-3E]%](Axial turbine), # g (Waste Heat), AIZHAY ol |
(Renewable energy), oJ| 4 x| &} A8 (Energy harvesting), A~1F 2 &7 (Small-scale power generation)
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BAE A8 5 A% FUY PV A28 BANS
LR

Comparison Analysis of Power Generation Performance for East-west
Oriented Bifacial PV Systems Applied to Flat Roofs

LRIZ* K HR* - ZIX|S[*R* - ZIZRpfpreskt
Jinju Kim*, Subin Jeong**, Jinhee Kim***, Juntae Kim™***T
*IyETditn A5getat, HggEoishal o U A Al Alg skt
s e A = IS PPl R
ik gt 1Y AuLE A S35kt of | X A Al sk (T k)

Abstract : B =g 27 (Photovoltaic; PV) A| 2812 7 A A 0 2 Kol S =]l 9l on, siufoll A = 24
oA A] Zoff A2 2} o7 thet FEI S| PV AIATO] QIFRE AL ik Ul - PV A AE S Hde = A
A8l= Ao Elwfe Hiekelr]of felott, W& PV Al 28] 9 vlgo] F7ietol| upet o] Ao A7k
ol AFE o] A F3kE 7417 1= 2AI o] AR o]of tigth sAM o2 PV A LH S 5 Ao
O sz eto] AAE AL Lo, o] | PV Al2dlof vls) w2 I A7 EARE T
o] 1o A e FIAIE = ek T 5 M PV AILFE o PV A LHof B3]

o] Atk wado] Qlth. ol & Haksh] flsf o E e 2Eo] A 8H, FHP Hdd
A R B AR e 278 9] 72] o] A 220 wpeh S A Rke] EEfA|ER ofof] et
7} E8sith. 53], 5 APV A L8] o] PRl 8= 7, F2 o158 FHl 2 AR HER E 7
oA A e] o} g2 A x| 27 I R FaFe vtk 2 AtollM = A F8l BAleel 2AE 5
A Y o1F8AE PV AlLH|lS] Bg ZF 0] A7 2](90 mm, 200 mm), A5t o] A 721200 mm,
500 mm), A REARE(60%, 87%)°] whe L7 ds2 vlal-E4si e, o] & Faf ua A AlZdi7}
AR S Aol Aol FdietE e HA2AE =& 4 23, E F ol A, Al ke
o4 712, A5 Rirgo] S7heke] whet Edwfo] v} 12.27% S7sh= 222 2l = it

—

o 7 o
Al

10 o
W, rlo opu oX

o rr
ol
g

o o
:
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Key Words : 5 4] 3F PV A] A El(East-west oriented PV system), ©]5 7 AL PV A| 28l(Dual-tilt PV system), %43

PV X E(Bifacial PV module), 71 43-5(Power generation performance), <2] 4! 3] (Outdoor experiment)
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Simulation-Based Evaluation of the Impact of Orientation and Albedo
on the Power Generation Performance of Vertical Bifacial PV Systems

oJ* A H Kk =Rk = pHRkkk T
RIS, FAR, ATIS, el

Jiwon Kim*, Subin Jeong™*, Jinhee Kim***, Juntae Kim****'

BT e S T ARG e S = R I S (L P P Eat s
ek e et i A [ E PP R e
e et AU ANE S o/ o | A A A7 E ek (T ah)

Abstract : A| 20U A A5z 253} o4 Zhfjof] whet B g2 4 (Photovoltaic; PV) A28 2] A 2] AR
7FS718kal Qlow, ol M= = T wF A

At Aed e AR Ery. 2y AEF R A" PV A LH 9] vlgo] F7fgte] uheh g gol
g2 Azt of] HFE o], o] 3 FFEIL A AlFol FEE F= EAIK ol AR ofof BTt
32 o2 A PV AT tiv] o) 2 Al E4tEls S A PV AT of digh 2ol
s Aok 2y 5 A PV AILEE S SFoll A F PV AL of vlsf] Azt F ddEe] W
the ©do] k. o] & Easly| Sl FE PV igo] A8, ojuf] S 1 M A5 A HhARE,
A5 B 5 A2 A FE&S A L] di2ol, A A oS T & A gl tigt a7t 8
TFEt & Aol s A FHE PV AILES U4 2 PVsyst Al g3 o] S &-8-5to] el 9 &
H] &= ool mb2 Sy ke A o2 EASIATh 244, 24 22 T 7P H2 g =9l 0.2
2700 M & M PV A LT o] 5 PV A LRI E T of 227% W 7 F HAFE Hou, va
A A7 10A]19F 144 2 ZA4s = Ae 2ottt ek AH=7E 02014 082 == -7,
S APV A2 O] AT T AR H T oF 56% F7Ho W, E 53 PV Al A" HT) ofF 0.3% ot
A AL 2l At

Key Words : =28 PV A|AH](Vertical PV system), &F'HE PV X5 (Bifacial PV system module), 74 ZF(Power
Generation), A] &3] ©] 4 (Simulation), 3 H %A (Albedo)
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37139 vAES 1A 40% ol A& 9FAA

Exceeding 40% Efficiency in Air-bridge Thermophotovoltaic Cells for
Sustainable Energy via Photon Recycling

°|X|_***T

Jihun Lim***7
SRk W A ek et

AE et E& oY R 7] 228Fd 4 (Research Institute for Materials and Energy Sciences)

Abstract : The global push for greenhouse gas regulations and sustainable energy development has made
high-efficiency renewable energy technologies essential. Thermophotovoltaic (TPV) systems have emerged as a
promising solution by directly converting thermal radiation into electricity. Unlike conventional solar cells,
TPV systems do not require continuous sunlight exposure, enabling operation in diverse environments with
superior energy efficiency.

This presentation will introduce the fundamental principles of TPV systems and their integration with III-V
compound semiconductors. Key factors for achieving high TPV performance include bandgap optimization,
reflectivity control, and energy loss minimization. In particular, an air-bridge TPV structure utilizing
lattice-matched III-V thin-film free-standing membranes enables optimized photon recycling driven by
near-lossless Fresnel reflection, significantly enhancing power conversion efficiency. Recent advancements
demonstrate that TPV cells operating under near-1400K blackbody radiation can exceed 40% efficiency,
marking a significant breakthrough in sustainable energy conversion. The discussion will cover device
fabrication, simulation-based analysis, and emerging trends in TPV technology, providing valuable insights for
researchers and industry professionals working on next-generation renewable energy solutions.

Key Words : G337 %] (Thermophotovoltaics), 334} A &8 (Photon recycling), SFgHEH=]| (Compound semiconductrors), |
22753t o]l A] (Sustainable energy), A5 & Bk W H &) Q] (Free-standing thin-film membrane)
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AEA)A 7 953 A A2d 34 4
A4 9 Afolsehal 47

Simulation-Based Optimal Design Parameters and Guideline Study for
Agrivoltaic (APV) Systems

=% =% * oI =S|k * T
QMS*, BIES ORI, MBYY SES* 01E4

Seokhun Yoo*, Younghun Park*, Jiseop Lee*, Jongwon Jun®,

Junhyuk Hong*, Kyungsoo Lee*'
“grpatysbi o] - 27] 3k}

Abstract : 1 <115 Sh) 5] 9400 AR B PFAPY) A LTE 2551] 913 B0l 4
2 7o 2 47 uH7Hb5_T w %331, @40 sho] S ekel A A|5Harat 3tk WA Rhinoceros
3D2k Honeybee T BH-5] Q1AL A\ 5l0 |41 A1Ystol, P o W) APt nE o 2
Bol S8 T UL olof A ik UL VIS B el o st el
b QXIS DSSATO] 2185101 2 At Al Beol H Waiet. ofuf Wiz, HAk2), GCR, &
AL s S 5 A 21 1 Hlo A A4 o el e 0 9
% WeHE mofaltt.
o1Z Bl MS 71202 HA i R¥IS MBS AR A o] X R GBS,
LER(Land Eaquivalent Ratio) & 23] 2|2 417 2218 ot ol Ao -2t S48 A 4
) efsto] 71% A4ge 2IBHA G Mol A) THFS YA 5 Ak HA TtolSetel

l ARt

Key Words : %53 |4 (Agrivoltaics), ¥ HE e 9FF =& (Bifacial PV Module), QAIF A& o] A (Irradiance
Simulation), 2= A5 @& (Crop Modeling), 2|2 A4 7| (Optimal Design)
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g3t AA7F AXE oG 27] 719719 A7l A

R B

Analysis on the Annual Energy Production of Photovoltaic-Thermal
Air Heater with Fin and Obstacle

OotHSp* 2ok otAR** 33|12

Byeonghwa An*, Kwangam Moon*, Geonyong An**, Hwiung Choi* "
"‘X—]H—I;Ho]—jj]_ Weazdeky #FRyggisln YEF2Esky) sk

o

Abstract : B A A|LE 2 B AU A o]-&3te] 7] B AU RIS FAlo AAFE 4= = ol v A]

=2 T R
HE FA = SHA Am AR g B2 27 R I Fa4do] AR Sl AlFloltt. o
Bt |k A48 5 B7) 1S A0 2 sk ok $7) b7 oA Al mk 7 9 Fef Al
|7} 7hdsto] 27] FA]7F A A 3L Aol F k] 927 fls A o] Lok, dasol tE e

2 ure who] gtk weha o3 AASo| thaket AW A AA B AlQEI T 2] 7k AL &
AHA7)7] 917 S B9h). B Ao A o] 2l 0] Ugho 2 W3} A7} A2 Elokel 27
71719 A& BABIT: o 5 15 A% HlolE] 7Nt 4 melelg Saysta A7k A7) W o A

o Bt o0, S Al2gatel v wE Eo) Ao A28 84S dESITh

Key Words : Bl %Fol| L X](Solar energy), B &F3& A]2AHl(Photovoltaic-thermal system), E]%FE &7 714 7] (Solar air
heater), &17Fol| ] X| AYAFed(Annual energy production)
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Comparative Analysis of Thermal Efficiency for Glazed Air-Type
Perforated Solar Collector According to Air-Inflow Method

7|SIRY, ZEtE ATISP*, AZET

Hyeran Ki*, Hayeong Kim**, Jinhee Kim***, Juntae Kim™***T

*FYBFUR AS T, FUFFRS A A LTI,
G s ol i R[5 1€ PAPAE-t g
ks Faer) ka9 AvkE A%F e/ of U x| A 28l g ekt 3H)

Abstract : A F= 2030 71A] -2t 247 wiE A7 B3R5 viE A E | (Business As Usual) thH]
37% 2A3517] 95l thekst & A of| 1 X] A ZM(Nationally Determined Contribution)2 2F# 35} T 15 A 20|
LA AEE Q%5 o R4S v d] 1,000 m® o] 42] B3 A5Eo] 2835101 glon, 2025 o= A F|
1,000 m* 0|42 W17 AEo &= 288 o Holct. Ao 2gE= Al Aol 7]& 5 shtel BlFd
71 HYE AR S &8-5t0] AE9] 24 55 2 Y oy o] &8-0] 7hssieh 714 HE7=
3715 E9o = ARE-sto] AA| A YA 7o vlsl} o 5 HE A, A=A sahEAlol thgk 927 A o
3t 3714 R E7)9] 52 A, 97 25 5 o 2Rt ol e /5, 3 f =, SR 3Y T
22 A7)0 Aol whet kS et 5951, 97 f it 2 WE 37 2 HE7] 48500 9
F2 v A= 8% A=A AT {FAL AAE TSl AE7 W 7] = LA FAdsk= Aol B
a5l & AollA= H a7 FAFE A AASt D719 571 79 Al whE 5714 14 B
Hgd A E71e dasS HASIT JE7 W S 7] #2348 A8l 217 2mme] Sty o] Bl

—

(

lo

o), A5 garo e A8 w|9leh. 197]0 AR HAS 915 1S0 980601 whet QAL 700 Wi

o] B, 370 0] §2F GHS0, 100, 150 m/hyell A 21 A18-S Aastoich AlghS 915 197 371 69
MPALS 37hA 2 Tste] A eS vl a BAshelek B4 Auk o) 92 150m'h & w, 7] §9) Alo]
Aol ket A9 EE-e 2T 61.01% 712 thu] 35.16% S7He 7S Belsteic.

19 0 1

=
s
ot o

Key Words : 3-7]4] g]oFd X E7](Air-type solar collector), -4 ERg el 3] H7](Glazed perforated solar collector), &
35 %7 Thermal performance test), & -8 Thermal efficiency), <] 7HOutdoor testing)
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HEE 27747 ) ASA AR 9K 2 P4 e
98Y U 49743 S4o 0@ CFD HH

CFD Analysis on the Heat Transfer and Pressure Drop Characteristics
Withdifferent Installation Location and Shapes of Obstacle in a Solar

Air Heater
orAgY, 2R, ohysp, 23S

Geonyong An*, Kwangam Moon**, Byeonghwa An**, Hwiung Choi** "

sAdTela W T thakel, FH A thela g a3 eh

Abstract : A solar air heater is a system that converts solar energy into useful thermal energy. However,
numerous studies have been conducted to improve its thermal efficiency due to the low thermal conductivity of
air. In this study, the thermal performance of a solar air heater was investigated using computational fluid
dynamics analysis, considering nine configurations that varied the installation position and shape of the
obstacles. As a result, heat transfer performance improved by 1.044 to 1.707 times compared to a solar air heater
without obstacles. However, the friction factor increased by 1.52 to 9.26 times due to the presence of obstacles.
To account for both heat transfer enhancement and pressure drop, the performance factor was evaluated. The
highest performance factor was achieved when quarter-circle-shaped obstacles, with the arc facing the air outlet
side, were installed only on the top surface. Additionally, the greatest heat transfer enhancement was observed
when obstacles were installed on both the top and bottom surfaces, which also provided a higher performance
factor compared to a solar air heater with obstacles only on the bottom surface. Therefore, installing obstacles
only on the top surface is preferable for optimizing the performance factor, while installing them on both the top
and bottom surfaces is more effective for maximizing heat transfer enhancement.

Key Words : €] o] 1] X|(Solar energy saving), Ej ¥ & & 7]7}< 7] (Solar air heater), & % & (Heat transfer), A A3 5}

4] (Computational fluid dynamics), ol| ] X| 4 2F(Energy saving)
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AT AZd A4E BIPV A|AH ESS 974 &3
NEH o)A B4 dF

Simulation Analysis of ESS with BIPV Systems in a Library Building

= * SRk Kokok
O[QIS* ZIAH* UXISM, UFEf

Inho Lee*, Sangmyung Kim*, Jinhee Kim**, Juntae Kim***'
e aEista o A A ARk}, FHEaEgaista oA 7| &d Tt 4,
ety st I AULE A S35t/ of| U A A| A 8-Skt 8He)

Abstract : A& LA e =G 22 A| A =H(BIPV: Building-integrated photovoltaic)-2 A& AR =2 A&
EHA FAlO) A BASE= AU A] 7o)t FaF o 2 AX]E BIPV A|AE2 &2 YA}
=2 92 g A Ao JFA o2 Wit ey 759 Y A= o ot R Al
of wAste, e Fg W A= AE 4|9 A7HE Et3 o] UERdT) BIPV A A" 9] W gFo] 7
= v H YT B3 A9 AN A2 AE ol A ARF v, 53 82 ehard g gAke]
AT AAE AGY-E ol sait=t) vhH Als AAE BIPV Al AR O] WA EFo] Z159] 8 4]
T 2 S, T EE g2 g gAY Y Al o2 dEE 4= Ut ojuf WA ¢
o g o] Alg9 =& TAE 2, AlS HYEE FAISH] 8] W &8 Algk 227 Hsj A A

el 5 = A7 gt} whebA] BIPV Al 2RO 58
9 QA Ql & 913fl, BIPV A| ARl o] A WA o= J oA H & A48k o] & 71& W 1|2 #5514 7]
A5l Aol A7t 8-S AH8-51= ESS(Energy Storage System)A 4|7} @ F-Eth. & A51= BIPV
7t AEH AT AES S 2 BIPV AA] O P E4 9 oJojd e T1e)al &9 AgE Ao thgh
A5 B8-S Y5 o] E v O =, PVsyst A& 0] 4d-S &-8-5lo] ESS A4 A] BIPV A] A" 9] X
Y ARG 2 =0 Mg A Aol tfgh g £A4S 4=353lnt

e}

(i
=
o
=2
A
L
W
=
<
>,
[
o)
e}
=3

N

Key Words : BIPV(Building-integrated photovoltaic), 415 -*(Demonstration study), % ©]72](Surplus power), %2
B3}(Electric load), A &8 ©] Al (Simulation), ESS(Energy Storage System)
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T S A A 26 SIEBT ol A9 2 o7

Investigation of Energy Saving in a Heat Pump System Combining
Glazing Solar Air Thermal Collector and Polymer Desiccant Rotor

UREH, ZEI= A LpMdol* Zk2E* MY, o|Ze*]

—

Yu Jin Kim*, Mohammad Salman®, Sun Ik Na*,
Eun Chul Kang*, Hyungki Shin*, Gilbong Lee*"
ot U 2] 7] AT YA HEFA| AR A LA

Abstract : Z2|H A5 A W AlG 2 A Ao tfgh Aqt= 2s] e o] ghoL), o] g A A
< = Yt S8 wofol| A S| E et Fatsto] AlAE o | 2] eE A% At obF] &S A
Aot AA A g FE HE7E 83 AlG Y A AH2 574 HHFE A a7 EPOﬂLV\] aeol =

A9 ALSHE 52 U o538 Iy T2 A BAIE 7HAch v, 3714 S E A ET = FE A
<3 W 4 7)o S8, BHop P Al o] 7he sttt whebA, 3714 B A ErE o5 E
TR Esto] A5 2E 5| EW I AR Fotele A2 B8 oFd ) B Wi A Y ] A0S
gk et s A dolt). i Ao A= TRNSYS AlEd|o]d Z2 oA F7]4] eifd Ha7|e}
ZoH A5 2 Ry W 53 5| EHEZ HVAC oL 2] &H] 248 8519l om, 5 A9 o]
B S &-85fo] A AH 9] 73S XA E}stein) o] & Idll, A4 o] E2in A5 2H S| EFHE A
g Al AR & 5oL, S| ER et Eein Al 2 A AlE 23S s E3L IS0 9806
A s dlolEE Soll A5 3 5714 HYd JE7] EdE Aol RE-E AEskelth &3
7HA] Al @ o Af ol | 2] AxH] MBS 245 T Al 2 H & 52 thdet 5% 7 of| A &= Humidit
Effectiveness= 0.8442 LA 5}A e} 9131, Temperature Effectivenesst= 0.354~0.455 T 2 A| <555
e} 2}o] S H gt} F._ﬂ-n— }&] 7] Al gjekd X1 7] TRNSYS =22 [SO 9806 A& A5 Al o]
Bl e} H]awsto] 2|l 5.4% 3} o2 HA7] JEF 25 A5 4= Ut 7| E S| EFH I Y A AH]
o] o] 54 oY R] A&H|TF2 466.7 kWhZ 7HF =0 d HhH, Aohe € oF 37 JE7]-E2H A5 2H
S| EF I A AFL2 409.1 kWhe] o | X & AxH| ko] oF 14%2] of| | 2] A%t 5 yk= EAd sttt

OSHIr

dd

l>

Key Words : Solar Air Collector(E] %¥& & &7]), Polymer Desiccant Rotor(Z 2] A< = E]), Heat Pump(3] EH L)
Wasted Heat(] &)

’
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2 A= 2024 & AT S/ AFA R O] A 0 7 Fhatof| U ] 7] B 7HA(KETEP) ] 2] & o} =83t o1 2hA ¢
Yok (AR 2 RS-2023-00242282).
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o2 3712 7497) QA HERT H2h9 Ay 24

a7

Study on the Annual Performance Analysis of the Heat Pump
Integrated with Dual-Purpose Solar Collector

o, QI ohgap, /58

Kwangam Moon*, Geonyong An**, Byunghwa An*, Hwiung Choi*"

SAdishn WEBRFS, st YE32FeT et

Abstract : AR E B8 F= Al 9] 7o) s o] R x|l 9l o, 53] HYE ¥
7= 7+ 7] = 17]“ gL °”Xﬂ“ EH%“’Ej Ha7iet g2 o 9 PAEY e S 7 Ve
B FEEA Otk B AILEE 3T s iR de A R AT 2N 7S HgE HET] i
AE dsol =tk 21U HYE 375 717 BEl 2 A5E0] 99 Foks &3] 535171
o1 AE 7. ool we} S| E L ete] AA 7} B o, HiFd o | A& o]t S| EHZ
T2 FdEe Yo =8 AsAA s Fol 7Hs stk
uhebd, 2 Aol e B E 371-= 7HE7] A S EHE ALY S HAYshal, 31 88 4-8-5)
01 3o 7B e 22 ARt E EEte] 7|E S EHE TS 4 tijv] COP 4 H=E
o}"ﬂﬁ‘r 123 "SR 371-= 7719 A S| EHE AR of|ufA] An|efe dRtetal, &
Ex—iﬁi e 3EE 7 e AT I YL S| EFYEZE AR A F= Al LH A
E AR 712 AREATD 5 don, AP A 7|9 Las F9 7] e 7| g AR 7

ot
Key Words : EjFd #7]-& 7}<7](Dual-purpose solar collector), 5| EH X (Heat pump), &I7FolluZ] E4(Annual
performance evaluation), A% A|4>(Coefficient of performance), %% 2] t)<=(Optimal installation

quantity)

T Corresponding author, E-mail: Choihu@jnu.ac.kr
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REC-O-12

PVT 253 37|94 S EHZE E84% oy AE
3% 299 4% 24
Performance Analysis of an Energy Independent Hot Water System
Utilizing a PVT Module and an Air Source Heat Pump

o x|k % * X =S s|gpkkT
OlrZl®, =%, d=2”, 3|7

Yuiin Lee*, Chanhyeok Mun*, Deokgeun Kim*, Hiki Hong**'
“Zas|sta 7 Algstat ek, ** A S gta 7| A getat

Abstract : 718 7125 2212 o}t 24 B WAL FHAR AL Qg ek )% A 225
o, olof tfgt tigte 2 AP RE SE3 A|AF EQlo] Q7= St Hidd-d 5 BE
(Photovoltaic-Thermal, PVT) A]| A 8-S g okl R E(PV)o| A A B AAFSHHA ZA]of 2R E= ol

A2 Blstel 24 ol B4 4 ook o] 2 Eal S U MAo|A tho wE e 42
22 Aol 9 wek oF 50% A8 F7HOR BT el ol A1 A 4 Slo] BT 2 Ao]
ojuth 3k, PVTOl A A4t A71et 9 A& W #AF olU A ez S8 mn T4 HE4 oy
A B A2 H 9] Hokg 91315t 4= Qltt, 37| €Y 8| EH Z(Air Source Heat Pump, ASHP)= =2 oy

A BEAS AT, A A9 S EHLGSHP} ] AE Aol WasiA srol FEI1 UG v
A3} 2| mele A% B 2 8o] golsith & Aol PVT mEd} 3799 sl=gLE Ag
S A B3] Aol Sh dlst sl A sl oA 49 A% 9 s ek
oh 7 o2 B ABdol 4 L2 3ol TRNSYS 188 2H85te] A|200] A& 245
B ol Sl 4718 Ak ol x| A EakE AFAO R AEslgon], ol AlLe A
Foll BE CO, AL AVStol AAYeIUA] = BIE FAH 0 2 Brrshe). A AT PVT B
£} 37199 S EURE T TG A LWL FEAL o Ui x) A1y AABMYE okt ek v A
& $13t A 2ol ]elg 4 9 A0 R | thHeh.

Key Words : Bl 2F33- & 23} E(Photovoltaic thermal hybrid module), 3 7] €9 &] &3 = (Air source heat pump), of|
Z| Z}+ (Energy independence), BF g4~ SH(Decarbonization), 55 7| 3(Public building)

" Corresponding author, E-mail: hhong@khu.ac.kr

3 7|
B ATE 20059 E A2 ATU] 7|5 uS} oS BA171% AE A A1 0] A 2L wop Saat A7 wA|I YT

* 138









2025 KSES Annual Spring Conference

([ Reri1
I4 &4 Edc - 05429 -2J94 A

Trend in Utilization of Satellite Imagery in the Era of Multiple,
Small, and Swarm Satellites

O|&MS*T o|M3* BrArsS*

’ [ e e |
Jeongho Lee*", Sungu Lee*, Sangheok Han*
ey AT AU RS A LA E g8 A E

Abstract 1 A A= 2A Q] T, 27, 49148 Aldioll 1S dlar, f-euehe ot A7 o
& 1S EshaL alek oo e o 29 - LRI Aol 219 HlolE 7§43 Skl
i e b ey 4 o= 94974 | = A 2E S80S AR 7tid
o 2 =2olldE v 2% - LA A AT e 914 G Tl E U9l ol TEe SR 24
SHelet 17 & o,ﬂﬂﬂ] 91 QA Tl A, QA E T An| A 74 EdE, 2y 94T
AT 2 ok FR, S o] B AR 57 Sl tish 24 sk

~
o
[e]
Of
fim

Key Words : $]Ad(Satellite), $J4d & AJ(Satellite imagery), $] 4 &-8-(Satellite Utilization)
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AAGA 71uE dAEF dB A5 FAS 9
UASIBS - KIER 29 74

1=

Improvement of the UASIBS-KIER Model for Raising Solar

Iradiance Forecast Skill Over East Asia

LRI QHEK QA 2Kk
Chang Ki Kim*', Myeongchan Oh*, Chang—yeol Yun*, Boyoung
gt U 2] 7] e ATt Al E gl o) B Al

Abstract : We present an enhanced version of the UASIBS-KIER (University of Arizona Solar Irradiance
Based on Satellite — Korea Institute of Energy Research) model, originally developed to estimate high-resolution

solar irradiance over the Korean Peninsula using GK2A satellite data. To improve the accuracy

vector calculations, the model domain has been expanded to include neighboring regions such as eastern China
and Japan, particularly covering the Yellow Sea, which plays a key role as the primary inflow region influencing
cloud dynamics over Korea. The model continues to produce solar irradiance data at 10-minute intervals and
500-meter spatial resolution, utilizing a radiative transfer-based lookup table generated with libRadtran. With
this domain expansion, the model achieves improved cloud tracking and irradiance estimation performance. The
UASIBS-KIER model has been recognized as a national core solar radiation dataset, supporting solar energy

resource assessment and forecasting across East Asia.

Kim*

of cloud motion

Key Words : 914 GAF 7| 9F A AleF(Satellite-derived solar irradiance), 5015 & (Cloud motion vector),

(e} (e}
9 & & (Domain expansion), X+ 7H(Solar resource assessment)
T Corresponding author, E-mail: ckkim@kier.re.kr
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Simulating Near-Surface Winds in Europe with the WRF Model:
Assessing Parameterization Sensitivity under Extreme Wind
Conditions

0|01, R@E74* ZRIG*" ZEy|*
Minkyu Lee*, Donggun Oh*, Jin—Young Kim*", Chang Ki Kim*
*ghtof| Y X 7] A Al A El g o] B A A

Abstract : Accurately simulating near-surface wind speeds is indispensable for wind energy development,
particularly under extreme weather conditions. This study utilizes the Weather Research and Forecasting (WRF)
model with a 6 km resolution to evaluate wind speed simulations over Europe, using ERAS as initial and
boundary conditions. Two cases were analyzed: a normal case with relatively weak winds and an extreme case
with intense cyclonic activity, focusing on offshore wind farm regions and validated against FINO observational
data. Sensitivity experiments were conducted by modifying key physical parameterizations associated with
wind simulation to assess their impact on accuracy. Results reveal that while the model realistically captured
temporal wind speed variations, errors were significantly amplified in extreme cases, with overestimation in
weak wind regimes and underestimation in strong winds. The ACM2 PBL scheme demonstrated superior
performance in extreme cases, while MYNN performed best under normal conditions. These results highlight
the essential influence of physical parameterizations and underscore the necessity of enhancing modeling
techniques for extreme wind conditions. This study aids in the advancement of accurate wind speed simulations,
ensuring the stable operation of wind energy systems.

Key Words : Weather Research & Forecasting Mode(WRF X @)1, Extreme winds(=3+ <), Physical Parameterization
Sensitivity(E 2] 24 243} W17 %), High-resolution simulation(ZZ 8jAF &= &L 9])

T Corresponding author, E-mail: jinyoung kim@kier.re.kr
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I QA 24 D
37 Aold] i 2%

Reflections on the Spatiotemporal Differences
between Satellite Imagery-based and Measured Solar Iradiance

QEINT RAE UHFF UM, U

Myeongchan Oh*', Changyeol Yun*, Boyoung Kim*,
Chang Ki Kim*, Hyun—Goo Kim*
o | A 7] & A A A E | o] B 114

Abstract : AR YU A= o] Al At} B2 Q] oA (o2 Ape] ke o] & 93k A= &A%}
o] . o] 27k 4k}l iAol g2t dlof e} o] & 7|HEe 2 gF {7} A A7 Aot o] %k
H7g oA B ol v Al = B LARS 719k 714 dlolE 7F Al B 7HE gt A H ol ot o] 2
Tt LA HlolEfofl tiet Ate AT 7R thd ol A 3y s o] ghom thefet aho] Y= it AAL
b ddE A4S A SAT HOHE VRS2 3 A4S # ofyE YA YT 22 94 SH
ol 2Jet ol & A7t thas Y= Ak, SPAITE o] 27t - A Al HA Zpolof| tiRk a2 7 9]
o] FA A Tt F4 tlolEl = 4= m W2l 9] Fto A 2k o] A S o] hssiut A &
42 km £E2] oA o2 TSR A77F AYEH . o] 2Rt A5t Aol = Hlo|E o] EAof| = 2fo)
7h s 53] $7HA R E42 w2 Aol E o1 4= Al 2 Aol A= o] =7k Abol ol HiRt
g FFE, S5 AT Ut SOl i W82 R 3ATh ol 27 A AL 5 LA HlolE ¢
gt ggof mgol E Ao 7|didr

Key Words : A1 24 o] %] (Renewable energy), B} F(Photovoltaic), ¥ 2 B AHRemote sensing), U A} (Irradiance),
2144 % Ak (Satellite imagery)
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olnlA] 7% E4A 2 1Y% 54 242 59
AT AR ouA THE 42 2 A3

Prediction and Experimental Validation of Solar Power Generation
for Solar Electric Vehicles using Image-based Shading Analysis

x|+’ ZRIx|*
Jieun Baek*", Minji Kim*
g AL of U x| Y et

Abstract : 2 A0 A= T AEE H o] |42 o] §3ko] A w20 T T H A sk
G2 AR ol i Fal B 27118 F4 F o U WS ol Zaherh. EAIA) ERe A 50
m A 0% 24 $0S FAsle] 3 AEE|E B o]u|X| S BSahelan o] S WY o] | = W
ST UNet Bl 2 ele 2gsto] v ofn)x] ] ohs Goiat 1 o] o HEstgla, 18]
ofgh AZF A W A AXF A} Ul &S AN BE FW FEE GF0] vt B2 192 7
TR SHAA, X, 050, 307 A 9, 07k R o, B, Je wR)0 R BRek, 1
YA o] U2 QA A} ulE BAYFS HASch BYAER AR 0] 4 Fol TR 390
UR A2 Ul Aok A A} Hl S S0 2 AT, 29 5 o Ul A MRS 2237
¥9) Gl A=tk FA d7E A7 A0 Mol X w2 A W At AN A
s vl BARE BT Al 7h) 2 H 2ol tha o x| MRS sk HES Tl A
Zo9ict 3,50749) T3 AERlE B aheeiup ofn] (S ol g3ko] HALA B w2 TYA 3
QA A5 EAE LT L7 A B0l HS Fa) Al /A o 2ol ek 1A £
' o Ul x] MRS o) Stk 2 7 2] Hh, F11, 4 AT 22} 19 H o)A 116 Wh,
9.2 Wh, 6.1 Wh, 21 7 20]| 4] 13.4 Wh, 10.9 Wh, 4 Wh, 3 7 20 4] 26.7 Wh, 22.4 Wh, 14.2 Wh& o =]
Qlek. ek A71 A8 2 S A2 Ee Faysto] AT 24 23404 Wh, 7.2 Wh, 15.9 Whiz =
AE|glom, TR §3 TP WA ol ZX 7k e 2402 AX sk 2 AFech 2 AT
5 53} mAA) =20 ofd] PR Bo] O3 UARF A5k SAS ol sfE 4 Ul on], B AT A G
F e A7) BAK B 2 2 H= 240 B8 5 9 Aol

o

e,

o

et 4
]

Key Words : B &g 7] X}(Solar electric vehicle), 2}eF LA e &g L (Vehicle-integrated photovoltacis),
T2 A %=(Google maps), L A} £-4] (Shading analysis), ¥ H| 7} &2 A& d| ©] 4 (Monte carlo simulation)
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r

Prediction and Validation of Solar Electric Vehicle Energy Generation
Considering Solar Module Tilt Angle and Driving Condition
ZRIX[*, wxje*T

Minji Kim*, Jieun Baek*"
*ZYR At U2 AL gkt
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3 75‘ *OH 3470 A4 Oﬂfﬂ et
o EAEL W o|n| A Hedshaln, 1zt A @ Alek QAkeE Aot u8- AT
A ARG of| ] A AE4~ 2] System advisor model (SAM)S- ©]-2-35}o] 3471 X7 o o] oH okl n s
e 0= 2 E 455 71A] 155 7HA 0 2 HASHAA 94|, 124], 1549 oflu] #] ©HAERS o Z519 1
Y AR11E)E ol S AS=E ASoHATE 9AeF ISAlol= 22 b 53 okl A& 5
oz a8 uj YAieo] g 7 SR E G v, Ho BE AAzo] AAS Aakero] £ 24
olTh. 124]0] 4 B2 gl W ©f Aateo] 7 SR w QoW Blopy mE Aol A4
bl =A S E et 347] A Aol A Q] v A WA S5t S5k vlagh Aat,
BE A7 2207} 53 2700 12 ol Za 24| wal fuo] A2 AAsHE AL I 4 9
UTH A | A S vl et A}, Y] He =Tt M 2 o5 iE e A
Zho] 255 g o B =Tt 7HE W Aol B E Aol &S oy x| ol
=7 A S e A2 SRIE ST & A9 A= Hjd A7) 219 9fH o EP Fot AL 2T e 2 L2
ehak 25| 2i7k ke 9 oy x| W e olseli o e ] B8H 4 L Aol
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%
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Key Words : €} %F33 2 7] XK(Solar electric vehicle), 215 LA & €l o33 2H4 (Vehicle-integrated photovoltaics),
WA FF of| Z(Power prediction), A} A4 o] ] x| (Renewable energy), Bt4~2= (Carbon neutrality)

" Corresponding author, E-mail: jebaek@pknu.ac.kr

o] B AR (| S HREARO) A0 FFATA ] 2] A wrop 805 217.912022RICIC2011947).

< 146+



2025 KSES Annual Spring Conference

WYL FAA Solar Access Hlo|gHo]A F=3 &4

Development and Utilization of a Solar Access Database for Campus
Parking Lots

BRI,z

Jimin Hong*, Yosoon Choi**'

*S R ERaL oA AU e, Al ek ) A4 g ot

Abstract : B 3 7] 2H(Solar Electric Vehicle)ol] thet 4= 2.7} F7Fgko] whe & Aol A= e ol | A
eSS & e T2 3 A} A" ARt £ AL RN oA H A
1,3887) =2} 27HS thAEC & Solar Access Database S &3} 11, &% DBE AnLEE of Za]#| o] A1}
¢15-51f 360 VR 7hH 2} glo| = AAIZEe 2 71 Aohet =3} 37k B4 =5 AA H i £33, DBE
GIS 7|§t o &2 A|Z}3lsto] @A 7 22f o] =2Fsl7] A ZF =23} 5719 Solar Access H| o]l & 24l
o L B AR G =AY 244 Rt S8 A" 1 A YAE AR make 2EE 4 Sl
2 A AEE B A7) AL S AHEE ofu 2F A RE S AbO A e A-8-A Q1 2} A W A A5,
54 A YR 25 S YA 5 e I 3231 24 752 F 6l o ot AFEA A
Tr&otA ZeE o Ut ol2et FE AT AR HOA S FAIA, AEA] o)Al A& 753 E)
G A7 2 T2 2 240l 71T = ok

Key Words : Bl %F33-7] 7] x}(Solar electric vehicle), QAL Z(Solar radiation prediction), X 2] % 2 A] A8l (Geographic
information system), =x}-&71d| o] €] 1| o] 2~(Parking space database), HH}Y o] Z 2] 7| ©] 4 (Mobile

application)
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AHER 34 U PAS B8 vhola2TE B
.‘

Optimizing Microgrid Power Flexibility through Energy Supply from
Electrified Freight Vehicles

‘_r"x|‘€"* I:_I|I-§34%**~***T
Jiyoon Ku*, Hyeong—dong Park*****T
ATl o 2| Al SR BT, FE Al e Thaka oy R AFl B sl
g oot ofuI A2 A7) 1T

Abstract : Ufo] 22 12| = A AR R o U A] e o) thepo] o] & Al S SHAIE o v Al AAE T
W BE BT BAE WEskal ik dubAQl Y] A9 4 e SR Qs
V2G(Vehicle-to-Grid) A 8] 2x0f T gt po oJAl7) w2 ot Bh, shaafefe g2 o2 2 HjE e
ST A e & HE S B e 2 vpo] AR 2| =9 AY I #Ade S = e
T 25 25 9l 2 dtollA s A71skEAE S ol A AUA AR 2 8o =M nto]a
2adEe] Ay faAS SHistehe Wk B-okAth. 2=#ke] OD(Origin-Destination) M E2] 2
A& 3l SN Bt A 8.5 A5, = VA =2 Ao YA &R LAl
ool A& AMFE Tt o=y, npojar =] Y 8 z2dg AL B3 o= A
712k S sl AR B B AR R E Y ouA] RS A ol et JEE vt e R
A713HE2 ] 4 9 i AU 8 XA 3kgho 2 Hat 9] 35 Fo| il A HalE FIHA A
Mg S ST FUHA o=, SRR V|AE V26 VSR 8o R nto] A2 TP = 7He o
LA o] 7hs/de B7I8taL, o] Sde] mhe| AR R = ALt &Gl vA= AAIA e AT

o ¥

Key Words : u}-o] 3 & 712] =(Microgrid), =% 7] X} (Freight electric vehicles), V2G(Vehicle-to-Grid),

H3} 24 (Load leveling)
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100mx100m ZAAE kg AAF SHE A

Development of 100m x 100m Grid-Based
Solar Potential Assessment Platform
SIH QHIM, U, A7 dgu!

Changyeol Yun*, Myeongchan Oh*, Boyoung Kim* Changki Kim, Yongil Kim**"
Heharol X 71 & A Al A R el o B A A, FEA ot A e Bk

Abstract : 2 Ao A= 7]E9] Tkm x Tkm 3/ &= 0] B g FrA & B 7F Al 28] 100m x 100m 2=} 7]
Hho 2 W egtsto], Wk HEgh A 24 £4 AakE Algote EHEE ekl od S-S =
7hol| A 7| 2AE +EE 2% 72 AR R EEE, AR el 2 B ARl o] AX] 7Hs SR KW)
W A7 7HeF(kWh A )S AP T Alute] @ $419] 7]1E ol Al Bloju, EAE, & A
5%, A=Y, 9%, 74E 5 oS A FEeF 20S HEG e B0 AU & A|AIEFSI T
o5 E3l A AUl A A4 AIE X = (WebGIS; Web based Geographical Information
System) 7|¥F A|ZtA} 2 oF %] Hlo]E] PR = Al 5T o~ U= 55t 53], A YA ThA| o B ofd
A 2 U AN SR R 7ho| Eeel -2 vt Al EY o] AS Sre)sto], A A A A8 Ao WE
A vehd o= =5 5k gheol | A5 o] B A% | o Bl 9 ek A 3 AL Al AA A 7]
Hh 8§ Q45 kgt o 24, AA A A A E4 0] 7hsdt e skl s EE2> All1At
Apg7]EAg 9@ A6z} Ao | x| 7] 2 A gl o] A-gE|lom, 3ksow gjefd 7| LA, EA
o|-g W3}, AR, 28| WA 5= HHFst] AluE| L& XS4 o2 o] E o ol

Key Words : A% ZFAl &F(Market potential), oJ| | X| A &l (Energy plan), A]L}2] 2. (Scenario), = 22 (Platform),
A 8] A B A| A El(Geographical Information System)
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ARNARA28E 2 ofui7) A7} 2083
A AYBY Az A W

New Method for Calculating Energy Self-consumption and
Energy Self-sufficiency Rates Considering Energy Storage Systems

zea*, ok

Yosoon Choi*", Jimin Hong**
AT A AUA SR, R et oy A A e g el

Abstract : B g 9 F2 3t -2 QAo 2] o] 28 HEAS Hastr] 1) ol A A A ARI(ESS) 2
g0 HFolth gy 7|£9] oA &7} 4H|E(Self-consumption rate, SCR)Z} oA AHE
(Sel-sufficiency rate, SSR) A4} W41 ESSe] chefeh £ 5418 vedal) 2] o i1 584 B7tol
A ZE Qlek 2 Aol A= ESSY] 2 AU 25 REYE 4= 3l A =-2 SCR & SSR AJAF 412 A
QFal ik, Thoret ESS 2.9 AL 0.8 A ), 712 WA Aloke A 0 2 SCR 8 SRS v B
ABHATE T AT, 7] A2 ESS 2 WA of] BA|glo] s et ATHE vrEbd R, A Qe HAL- A
Uhe] 2 ESSO] &9 EAS Wt Aot TS =5, ot AA A o | x| A5 B7Ht s
2 sholat = 9ot

Key Words : X}7} 4~H]8(Self-consumption rate), A} E(Self-sufficiency rate), of| x| #AFA| B (Energy storage

system), A oJ| | X|(Renewable energy)
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A7|14 AN 3 djgEE S84
A3y 4% ESS Y

Development of Safety-Enhanced Small-Scale ESS
Using Used EV Batteries

LMK HEZ*
Sung JI Kim*", Huck Gil Kwon*

SCENRE:

Abstract : A A H O 2 BAFY BE DA A LT HA
Fgo] FRT ol HASET glek. B AT

1S 913 27134 AHg 3 e 2l e A
g

A=
=2 RS
A A7) A 5 e S e b 9 At A

FUEE 49 ESS Al2ES AU 7] A Skt

Aol A= 17| 3 AL R 2] o] RHEA & Zle] UA| B8 THe T a2 AP skt ohiA
g 9o E A, BAF, 1 5 918 2ol thesh BE W A4 BMSE pustgon, 5
ahA) S A2 919 W] BB A 2 B : Fei

2 Astol A gateick

Plant) €152 $12F APL 7|31 541 % Ao 7]%5-2 LaA5}gL. 3

sho] Helu o stol A% §914 Bhol 7]ofa 5 Qi AAPE TEFHL

715 7% ABS B e 2] 9 58T BMS WA 7150] A4 SRS Shelal et e
ESSt 21712 AHg 5 elE 2] o) ukal A 2gat g HArl U XA 1e] 914 Bhie] 7]ofat 2
Fehel], B AFE B9 1 AAE PET ol

Key Words : 2 7] 2} Al & vl €] 2] (Used EV Battery), ol U X A A4 2] (ESS), vl €] 2] 2] A| AE(BMS), 7 4
(VPP), 2.7} 2J(DR)
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AAAAHA(CFD)E T8 A A% ALR(ESS) §7
HYESE 24 27

Optimal Design of an ESS Cooling Manifold Using
Computational Fluid Dynamics (CFD)

Mz op 7|o:|°4*T

Junwan Seon*, Youngwon Kim*'
FSIAAL| ST o AL 1

Abstract : o] 7] 27 A 2BI(ESS) A 7 0] 7HE 4 BAIS s, Ae fe-gae] 2

15171 Sl 420917152 SR S A AT A PN B o
3
E

l

S FAIBH] A8 AL2 9 Wz Al Aol "ok B dto A HARA|E 4 (CFD)yS
ESS W75 913t iU EE= 9 414 AAE sk gt iy E= 53*0 =
Aato] Wzk d 2 F5o A SFo] 23E 4 U s AAEtgrh UZE o] A W] 2
FAA T F 7S AARRA| oH A& —1‘%4’8}924

Key Words : oL X] A& A AEl(Energy storage system), AR < 8H Computational fluid dynamics), WU &=
(Manifold), 75 &3 %4 3KFlow distribution optimization)

" Corresponding author, E-mail: ywkim@kitech.re.kr
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ESS&SC-0-4

AA 74 gAE AEAA F5& 58
ESS A Al2" A

Development of ESS Status Monitoring System
through Sensor-based Step-by-step Alarm System

olghe* RAlsH, Z7I2* ZYH*, HHS*T Mo
Han—sol Lee*, Jae—ha Woo™*, Ki-wook Kim* Young—gun Kim*,
Byung—hoon Chang*’, Sung—min Woo**

e ER L EI R

Abstract : ESS= A4 Ao 4] =9 Ffjo] w2 A8 g &b = ) BeAd 842 et
AL Qltk SHAIRE S} 71 ESS+= 2017 of 2l mid th=2] SPA7F Akl o m, o] & Q1sko] ESS SHA
off ek ¢-H=& s =US 7]uskaL, vl k ESS 4k Aol ohE il ok &9 e =olal
ESS A7 S & flell A= BMSe} PCSE §9 2|3, 22} Z14] 2] opA) T of digl o] & vt e =2
dAske ESSE] QP o, A=A & SR 4= e Al AlLg o] Hasiet & ol M= Al gl
7|RE A A HAAE 551 ESSO| A& thb A S 2 WU B §slaL, 221 2] 9 ShAf T A ol A
Ashe LZ 7k, LEL, 215, 917 5 J12|AL ESSO] & 78 = 3l v, 55 S ARE B8
THESS QEAZIA] A ARIESMS)E s eh 1E et ZHES v o2 FAolle 255, A, AR,
ST S ESSe| AP A& RUE D 5= 1AL, ool AR = e = ESS At vijE ] &
A2 FAAT 9 I 80 AABke] 7] b5l 7hs stttk g AlLE ZREe 2 A S
-2 A ASE AX L Qleh & A4 S ESMSE ESS9| A1 2]4d-S HAdsto] ESS =9 23}
£ 5 A ol A] ) 7k g /ol 71 Aot

Key Words : o]\ X] #] A&+ A %] (Energy storage system), A1l A](Sensor), 22} % X] (Rechargeable Battery), A€} 7FA] (Status
monitoring), 2 3 7} (Off-gas)

T Corresponding author, E-mail: happy@hepi.co.kr
7

ATe AFAET ALY Lo ol v A 7|sB 7F e "ESS A A|53ke] skl Ak Al A7) 9l
Al ] 7ho| =2kl A o] 2| & o 3Rt AR A Y T (A S < 20215910100030).

0

Jo rh

* 156 *



2025 KSES Annual Spring Conference

ESS&SC-0-6

HESERY SE€F dS Hge I HdF AT

Experimental Analysis of Decision Variables in State of
Charge Prediction of Latent Heat Thermal Energy Storage

QREH BMIE* KR

Yujun Oh*", Se Hyeon Ham*, Yongchan Kim**

“meefsti /) AT, ** weidahn 7| AFe

Abstract : The adoption of renewable energy in water heating systems is essential for achieving carbon
neutrality, but its intermittent nature limits applications. Thermal energy storage systems can minimize the
volatility of renewable energy by balancing energy supply and demand. In thermal energy storage systems,
controlling state of charge (SOC) is important because it directly affects the efficiency of the energy system.
SOC monitoring is particularly critical for latent heat thermal energy storage systems, which utilize phase
change material (PCM). PCMs exhibit rapidly changing thermophysical properties during phase transitions,
consequently making accurate SOC determination challenging. Previous studies have attempted predictions
using various parameters to address this issue, but it is difficult to apply in practical implementation. To
overcome these limitations, this study proposes a simplified model for SOC prediction. Variables affecting SOC
and the most sensitive parameters are identified through the Morris method, revealing that the inlet and outlet
temperatures within the heat storage tank show the greatest influence on SOC.

Key Words : 7 =< Z(Latent heat thermal energy storage), = &4 8| (State of charge), A7 ¥ 4>(Decision variable)

T Corresponding author, E-mail: oyujun777@naver.com
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Fgouiz dA A7jndy 7]
Ag-4 4g 2 A% 7l¢ AL 3F

Current Status of Power-to-Heat and Storage Technology Development
Using Electric Boilers Integrated with District Energy Systems

ol Zas*
Hangju Lee*", Kwangho Kim*
#(F) Aol Aoy A] 7]&d A

Abstract : 2|3} Fl ko X A|AE] 7He] AAE Sl A olul A o] MEAd £A1E s, 8 AF
o S A= AEAET 7Iso] FEETAL Qlth & A= AdtoluA] AL/ 3t A E 7]
1 2 (Power-to-Heat, P2H)E 28510 A& Heh 9 A% 7|5 7t ghch o419 =8 53
€5 U3 V2L AT F= A% 7Rt 71ES nhdstaL, ol & F8f A AE Hgsh Ao
A 8 A A @ Y] AAI S BA Sk Zlolth e =l o @ A1 B A HAPIE,
7b sl it A HEE T3l (A AlaE =9 H AAEeE HA R Shal Qlnk @A At e AT
7= o)A SAR, AFAIE 5 1] 9 A Hekou x| AAE Rt 7|H Ve e 45k B
off et ol & sl =uie] A7 2 AR 7|e& AL AEAET 229E % A8 2 el
LA A AE 4 5 7iEstar Qlek E3h P2H 7|9 77 4 (VPP) s H Esko] 2] oofjy #] &}
H 9 BAbo A A 25 WhehS ®Ashal Qlok 2 AFE Sl A7|E A 7Rt M EAESY 7159 7
AT 71e4] B S BIIShL, - AS A A 7|2 ARE gEE et A A= A
2 2 Ao v A S 29 71e N, P2H A AF] O BG4, 7] 21 AFG 3t dEF = ol 7]
o 7.

o

Key Words : M| 7 &3] (Sector Coupling), A 7] 42 (Electric Boiler), A 2]-& M3} (Power-to-Heat, P2H), 3 Thof
U R (District Energy), 2R o 1] X] 54 (Renewable Energy Variability)

" Corresponding author, E-mail: hangss@jh-e.co.kr
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294 g wAg AAAT 244 392 99
I3t 1% B4

Utilization of Air Liquefaction Technology
to Increase Power Grid Acceptance of Floating Photovoltaics

OIEAN!  @azw

Chunsik Lee*", Sangjoon Yoon**

ST FHEAAYARAY, *Fasrlad T TUALH AR LA

Abstract : 2020\ o] o] & F-7-4] Bl g 8= A o2 FrskaL o, A A E -84
&5 & welrR] Eohar gt o]of thgt s A<t o & P2G(Power to Gas) 7|&o] tHEA o7 7}
Ao, P2G 7| Al A o2 aE YAl %P2H Qo i HohA 4 AYAF Bl A5l 7] YA
th. o] F P2HO} =4 YR Yob=

Sh57] AR AHAEE 845 43I %—EO # O‘EP 7lf Xﬁﬂ”“’ el “‘ ’\E‘Ei‘ﬂ ‘?z*
ol a2ute] ¥ (Inertia) AU RS 7HA AL Qlow, A WA FAl= HiAtE A EHe] ¢
o] 7]olghey. Tt ok 9 3 a%ﬁ%%ﬂtlﬂLﬂaﬁlwiﬁﬂ%4¢4ﬂﬂ5ﬂ
a9 ARy SR o] Whrha 9 4 9lek. o] eldt BAOR 712 Aegel A 8% 4
S P 5 AN A 9l e AT Rl 3 5 ek webA R4 RS B AarE 122
A2 F7]005Hg §157] P50l ETTH, sheluAo A ZLAE Y] fgo] 40% o] A T I, 1 A
I AHAF 84 SHE AL =Y 5 A "ok

N o\
n)
rlr

N
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oXx s

Key Words : 57| M3 Air Liquefaction), 572 €l 933 w7 (Floating Photovoltaics), A2 Al 484 (Power Grid
Acceptance)
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o] e7tAS S8 AR 75 4 2987

i

Establishment and Operational Status of Hydrogen Production
Facilities Utilizing Biogas

PNI=PN LA
oOL— "1

Eun suk \Jang*T

Abstract : 7] 5-917] T8 0 S5 ARL 9JSA A B AEIR o] AEHE I5ke] 14734
BYoLo} 4|9 WEY BAFY WS PR 90w, T vto] 07kAY AW O 714l A
9] vlo] 0712818 &SR Hho] @714 E T AP o] AL W k. 7] Ee)

P B B0 U 2 SpulGol TUD AR UNE £ YUl of
& 4g3to] ofelgol 9] ARPARA 7o Qi Sas A4
AATO] PP Hlo] @ 7bAE AT HAY A Bl Usvloh £ 718 Aol
AAA A BiFol 7Hsstehs Aol olek S Hz

BT} 24 oA SFVIE FA Fa A

& = &3t} gk,
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Key Words : -57] 4] 5| 2}-¢d(Organic waste resources), H}-0] 2. 7}2~(Biogas), & d4=4~(Clean hydrogen), 24+ 42443
/7] A (Decentralized hydrogen production facility), §t4~32 %] 9l 2-8-(Carbon Capture &, Utilization)
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Development of sector coupling based P2H technology
for renewable flexible resource

UMR*T A SAC* 0|45/
Seong—-Woo Yim*", Chan Son*, Seung Duck Yu*, Younhee Lee*
oA E g A A ALY v A A

Abstract : S|EFZE v 25 Y 7)1 7= B A 9 F=A4E 12218 off DR(Demand Response) -
= 913t vl S A o]tk BIM(Behind the meter) 7]<-2 21-8-3F P2H 7|52 &4t o] 2
S8R & HES 2EE 5 AL AlF A= A 714 4= Sk o] & flsiA] S| EF Y
DR/VPP 55 A|o], IoT &, BEMS, ZEB 5 417|& 9 A =9 8= yr|ojof gt} E3] 7|9
giiom iy AeS St 1Yo] S|EF T 3ol A Bloju P2X-VPP Z2E-S 5 A ollu A
A S| EH | o] §517| = EF Y 17 S| EF S LA A =, 7L 14 of| A +DR, VPP, PPA

5 chopgh 1@l Hl =L 2 Apedo] B 4 glek. 2 el i o)Al skl Qi AE AE 7]4 7]
§Ho] DRY) S| EW AT 8- 271510 FF VPP A0 2 BEo}| 917 71464 27 AR A
seie.

Key Words : A E]7]Z 3 (Sector coupling), P2H(Power to Heat), 3|E3Z(Heat pump), DR(Demand Response),
VPP(Virtual Power Plant)
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Current Status and Future Directions of the KS Certification System
for Renewable Energy Facilities

A ShX
=5

Sunghwan Choo*
Hekato L A F et

Abstract 1 EjoFahb o] B FERA} S el 44 o] X\ 1 Q) AT} 7)< B Al ek, A4 Aol vl A
61 KS ASARE H Als g3 45 S sl o) A% 08 A gEw sk of /o)A
gjopad KS AEAE O] 20 Y8k 22 A E AL s, o B2e] A ke A
AlshaA} gt

%ol'
=
AN o

Key Words : 2-E]ujo] %], B ETHQ] 1 €] F(Optimizer, Bodule-level monitoring)
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24 Az7|149 RE100 Ag B4

An Analysis of RE100 Practices among Manufacturing Companies
in Chungnam

ML
Youngro Jeon™
AN S EE AT A

Abstract : 7| F18H9] FR4J0] 2 E 31, ShApAI7E 3 okEHA REI000] 7]919] A2} Aol 914
A4 P2kska glek. 3R 714 E0] REI009] Zolg 4 QES K-REI00 A =8 nheishar, 4=
5] 91, RECTY, |37} PPA, |8 2kol, ZHAI A4 5 5749] o] k-2 mheisto] Alayatar ik, ol efat
A 2ste] ek Sy ad) Al £7] 452 Q14 Wa} 4, RE100 o]% 4-5Ee] that 4 5= Ae), RE100
=)ah ol A o] ofzAbgro] tha) AlefAbet HAE AAsteh BAATHE vlgro 2 i 22719
£ RE1000] thet @542 shorslan, 35 REI00 H o] 7lofati 248 A Alaki17 gt

Key Words : RE100, RE100 o] 3§t} RE100 <=8
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The Role of Solar Simulation in the RE100 Market

O|X|A*
Jisun Lee*
AT E o]

Abstract : 20261 190]F- 437 24 4] =(CBAM) AJ% 9731 7] 952 RE100 0] 32 913) ey
wPo] Bhijo] obx 1 glek. | WS A4, AHS Ak, 23 b5 59 oo w ol
RE100& SPg5H= 7] 50 74 M ash o U 2] 9 3 shitoleh. 2t Ak ok 2710l A ehopa
An) gk el thako] Al YEBLA spoket 4= Gl Al oS 275t T BT ol 5L
Sk B
T

sheal Weke v aLsko] REI00 o] 48 A A|8h 4} g,

ol OL

Key Words : CBAM, efj 33 3 Al&2 o], RE100 ©] &
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H% oA #ofg
BIM(Building Information Modeling) E$]

=%
SIP

Jangho Park*'

gEEEEL

Abstract : X< 7}53t oY 2] Ak} ghaFd Ado] IR IR = Al whel, ek ol g A A
wlo] £83] Aol Al Bel7l R ol Ho2 T ok ofof wel 14 Aloj] Hvke] Aw
E =34 o 2 #1EE 4 3+ BIM(Building Information Modeling) 7]<-©] B4 o X] Eofol A= 3=
S g,

TZ 5419 BIM &54¢1 Tekla Structures S 2H-8-5}0], Bfj o3 of L ] ] 9] £x HA L AlF-o] BIM
= BaA o2 ook Wk ARt 58] Hjd BE A A FREY AW RdY, FAYE 7|2
AAGY 259 T A, AdE AFsst 9 A 5 4 22 AA A A8 A& Alseteh
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Technology Trends in PV Inverter & ESS Turnkey Solution

MEH*
Han Xu*
a2 9uke) A e o}

Abstract : B F(PV) AT} of| U 2] A% A|ARI(ESS) 2] 7] A2 Al A oA A i of A=Y Qb

11 0 v O
slof glo] 1<) 38 513 gy th. A A AAWL e AR vl &S 488 4 U
2 72 el apEv], 0|5 915 LEshE A WME 2 Ao] 7]4o] WA 0w efHofof T
. 2 WrHo A= A PV eIHE W ESS 7|& EAE=E 2wolal, A2 29 AFCI(Arc Fault Circuit
Interrupter), PPC(Power Plant Controller), EMS(Energy Management System), Grid-formingT} 72 3H4] 7]
o] At A AR of| A =35t Skt 21 wjef Bl of th sl = sharAl Tk

Key Words : A =214 3K Grid-Forming, PPC)
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7EBE AI-BEMS Exul

Boltzmann AI-BEMS for ZEB

ALE*
Naroo Kang™
*QEAIME A

Abstract : ZEBA| 9] 4 7H8 745k 241517] 9184 BEMS7} BS-7HAsI e, BEMS7H
Bt Al A A9 Eo] glolH S Tel7E & E7] of ek @ EAME Ak A1 UF
A5 8| AL BEMSO] ThFat A7) %52 S 7ksto] AA] QF AL ALg Aol A SE e Fof, BEMS] 2
©5 ol AEE (&3h1 Gtk £ AHOIA L ALBEMSS] BEue] @) B4 §F BEES

W3t AL gt

B

Key Words : ZEB BEMS ¢1-2 4% t]x |9 EY
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BT T4 fAE 0&M A2H

Digital O&M System for Solar Power Plants

>aPSpll
Jungki Kim*
#(F)A o)A 0] 20
Abstract : 7}7] €O} 11 4 o]

A9 ORME @3-S 275 WEsto] Mulo] that 142 Aot 21 S 5
2518, A2 el S 0SM BRI dlolef 3 714 T 08M X o Wsfoln o)
. ofol ape Apabell A Ak e QF A O&M A|Zge] o]l ¢l W 2, o] 7] ko] 0&M
2 AE B0 R At A G

Key Words : TJ X9 O&M, El %33 H4F4 4~ (Dlgital O&M, Solar power plant)

* 171






onment Engineering

T {

'Ilaa-l-u.L &m L AR 8
lmu*m&mmu -
. L
dﬂﬂ_-u“ - ek
Pk sl g S DG SN e
.xa._.nmu,“\mm A
Yl B AL —,m

e E L . wy
i ML W D m. o

e () e
L3 e "%* “
-







2025 KSES Annual Spring Conference

U A5E FF7I% A7t s g
713A g A e

Investigating Climate Zone Classification Methods based on Thermal
Characteristics for Code-Compliant Simulations

Z|EZ*, A, 282 ol ZE
Bokyeong Choi*, Siyeon Park*, Seongeun Kim*, Kyunam Rhee*, Chul Kim*'

“HY et 15T

Abstract : 2 247 7] SJRE A2 S A SHE AL A A A 2.2 7)Aol Ho] STt A AlA
2= A ol v A A& /i 9IRS ShaL Qv A5 oA AV &2 Ul 5=
ANIA &S HAISke HEA A FH o2 FA A=5 40 7| FA(FFL, T72 i AlF)e=
Pl QLo ofof EA sk A T Y AvA Al o] AV =S AASEAL k. SRR U A]
A 7|59 FoldH TA714 VIS skl & e o, 7| S A1 A2 B Rt 848 WSt
A FAgRE Tk vk whEbA 2 dts o A AT | 713 A o BREHS AR 7] 34 o
Y-S AlAShe AE HA o2 Btk o] & fl8f 2 71484 109 HolH 907) A& tider 2
HAEE 24 AT Y AEHY 2420 Ul 7| A o 50l AT Y et =
SH e A 7)1 FA A Z L Ao mE 7|5 A G& vaskt. & Ate] At ou Aok
AAZIES SFA AUA BeB7E A 7154 EREH NS A WA AE A
d7|E AAS A e as &8d Ao 7diHt

o o

Key Words : A5 9] of| 4 x| & 2k 4| 7] 2(Building energy conservation design standards), 713 Z] & (Climate zone),
& # E A (Thermal characteristics), H4= = 8 = (Feature importance), 22| 2~ E] g (Clustering)
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w33tE Ay 3% $47] AA 24
Investigating Indoor Air Quality of an Aged Indoor Performance Hall
in the Winter Season

Al

—

ro

&F o 2Qal* o|pet, AE*T
Eunsong Shin*, Doeun Hwang*, Yuri Kim*, Kyunam Rhee* Chul Kim*'

S LEERET LS

Abstract : e 2] o] % A1) 79 el L WS Aol WA AThRZIolA IAQUA R R)e o)
3k k4ol 6% A3 Glek. 1 Fol A thEol g4 8 & BEA thvh o] 85k AMRA AhE7] A
elo] Fa4o] Ack ool & AT g ahel oS FARe] A AN I3 7] Al
718 B A(ELE, CO, i, uAHA)E B E sk 24 912115, 2390k 19 WY 240 uref
ABteich ol % Fa TR A E71H A Y AoksHE AL Bk ek 47 Ak 1AQ T4
22 F LATHRG D) B BAZL A FEAXA hebdh Belg i A4 £5(0F 30°0)
of ul8) AA| L7k AASA Wka, A4 9130 ukek He) 3°C 9o = B} ekt LAE
of FA o] RET 702 Liehelth BT COSSEE AR A4 F Al7ke] Aupales 18] 571
on), 53] 2% Aol A 7] $202 Q13 27t 6% A Ltk v Bl AR A(PM2.S, PMI0)
Sl AN 0 2 QB o1t Q1) 7hA el o Boll whet UM A = Wl BRIk 2 o]
Aap g ohE FgY ARAL Aeksha o2 AN 913t 7| ZARE ABFOZA FF
A A B 24T ol G410 W 1l A7 FRo] 7)ol Ao g,

o

1

Key Words : A U|27] 2 (1AQ), &< 273 (Thermal environment), =% 514 (Aged performance hall), 5 7] (Winter
season), 217 (Ventilation), 2} %] AJ (Thermal comfort)
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A Study on the Accuracy of ChatGPT-Based Occupancy Rate
Prediction through Building Energy Simulation and
Actual Measurements Comparison

AME* HMEF* O[xhR*, grha*’
Seonhye Eom*, Yongjoon Jun*, Jaewoo Lee*, Kyungsoon Park*'
5 oldsta Ayskt

Abstract : Systems for evaluating and certifying building energy efficiency are being implemented globally,
with energy simulations playing a key role in assessing performance, supporting sustainability, and reducing
emissions. Occupancy rates are crucial for predicting energy consumption, ventilation, and thermal comfort.
However, collecting accurate occupancy data is challenging due to time and cost constraints, and existing
schedules often fail to reflect variations in building types, user characteristics, and regional differences. To
address these limitations, this study proposes a method for estimating occupancy rates based on building use and
user characteristics by utilizing ChatGPT. In this study, simulations were conducted by applying both the
occupancy rates generated by ChatGPT and the default occupancy rates embedded in DesignBuilder, and these
results were compared to actual energy consumption data measured in a residential space to evaluate how
effectively ChatGPT’s occupancy rate predictions reflect actual energy consumption patterns. The results
showed that the simulation using ChatGPT-based occupancy rates exhibited relatively consistent patterns with
the actual measurement data in terms of energy consumption. These findings suggest that ChatGPT-generated
occupancy rates can be effectively utilized to enhance the accuracy of building energy simulations. Future
research will focus on applying this method to various building types and seasonal occupancy variations.

Key Words : 715 o] 1] 2] A| &8 o] 4 (Building energy simulation), ] A8 =% (Occupancy rate estimate), |1 2]
2] (Energy management)

" Corresponding author, E-mail: pks2180@deu.ac.kr
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The Application of Low-Temperature Heat Utilization in
4th-Generation District Heating Systems for the Promotion of
Distributed Energy

=7t o|HE*
Gayoung Cho*', Junghun Lee*
LAY A 7H A7

Abstract : 7| 59} 55 {3 ©aFH TR0 FEM, F4HE A 71 ICT 7|2 Erdof
2t 7|E9 SR S0 A2 A T WA R S A9 AlLES e AUy FA4E E
Ao A @ HIEATE &8t A AL e R gk P ool FAEIL it ofof whe,
Abolld 2] &/ o} S8 Aol BH A oA 2] A E G kS FAISs] sl Al A ol vl A 2f
g dS B8 o e A A Al 72 28 RehE Al A FaLA) fbok A =) A S A
252 oF 100~115T 2] 212291 16 bar2] 02 2-FH 1L 3lo], o A] & o] AL AR A of L] 2] 2}
AA A FAZF At o2 £AIE s 25| ASiM = AeFS B8 ASH U A gy Ell 9 rjlo]
sttt EL A5 e &2 s Aokt ARy A 5E B 2o dA A o) et A
28 B8 7Fede wole 8% 8 AR AGokal vk & Aol M= old A A Eol 11.3%0l &3t
AeAE LR, npgA 9] A7 @ AREES 7o 2 AAIZE & 3w Y 35 HlolHE E43H9
2|2 o] v G sk FA o] A AR S obE Aujdde ARE-skaL 3o,
o] ke oh2 Qlsf o v A &4o] 41, o] & A e 2 wAske tl= =4, A4 Alefol it o]
23 AR A, EAA Q] FGT A2E YEH D 52 58 B2 2ok 5= 2 A elske et AlA
o Ao aE&Hl Fuli7} 715 3 2| AL, P2P(Peer to Peer) A 7| A|AFlS = Qiste] ARAR ZF A A
& /et 7e A = A EQIT A A, SYRTE AU A T AL AE S5 fll, Yo
= A W v oAl Ao AEHists e AT 2N de 35 2Rkt olu A aE
d& AlaLstet. =3k, A ofu A A =S FEAI7I AL, FRE0A A A ol| A vg A= AlE
St gh, Al ol A o A 2B & 883 A5 7He Rt ol A AR A2 RhE o 3= T8 & A Al

oA,

1o

Key Words : 41| U X](Distributed Energy), 44| o] &] &= A] A8l (4th-Generation District Heating System), P2P &
A2 A 2~#](P2P Heat Trading System), A| & of| | X] 4 =-&-(Zero-Energy Buildings)
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A Case Study on Zero Energy Building Certification and Energy

Performance Evaluation of an Existing Public Building through Green
Remodeling

oy

28K, =7t o|gE*

Eunhwan Kim*, Gayoung cho*', Junghun Lee*
R

Abstract : 71 FEO] 24714 75 BE DHS 95 7 HAFY S 7 BAZ AL 7] E
A%E] TR RAYS 0 TR APk, 20050 E FEAXE TR R AR A%

sk} 2 whA| 2] O RehE 221 o] Holth. o] upe £ AL ofufx] Thaulg 24417 &
Ao TRl S B A 2o A ASBZEB) S5 £FS A Al E 2745
2§ 7] %} 15 ol 4] A% ula - 24, o)o] w2 oA A Fkol thah 7] &k A
A AT L 119RPHAIE E TRl A2 2 el 7|62 2 §3ko] 20026 0] 93
ARAH Fe FYBIPV)E 37t AH3ko] oL A4 Y &S FAA AT ECO2 24 A}, 2wl
o] off ) A @.2po] 43.79% 2k Astlow], S Ak Auki vhy 2, W, B 202 Uehyltt,
AA o A BRI gastol, 2024d ASFS FoR mdsy A AW BE )
36.2%(55,403kWh) A7F a5 B vt 1 RS 535 A} AES 14} o | X AR5 129.4kWh/
A, o A A Y B 21.77%S BFRso] U5 B BREF 1533 ZEB S5HE S grh £
QT ZEB Q132 W 244\7E 2 24 AR A M) TRl n e A% oux) A% o o uix) A
A4S B3 1R DY B U A A BIE UFH 02 ARG §F FIU3

2e o g ol Rehrt A gel uet, v FRA%E AU A A Fhetsh) 919 iy
A58 EAo] W 29 g wdY 7143 A3k AAG HolelS /o 2 3 51w

(

building), ¢ 2] 229 & (Green remodeling)
" Corresponding author, E-mail: bestronggy@gmail.com
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ITO/PEDOT:PSS 3lo|BaE &4 A2 7]ul
18§ AUE e EA dF

Study on the Characteristics of High-Efficiency Smart Windows with
ITO/PEDOT:PSS Hybrid Flexible Electrodes.

Su—Jin Kim*, Younghoon Kim*, Eun Mi Kim*"
#gt= A 47 & AL (KITECH)

Abstract : Smart windows are a crucial technology for reducing energy consumption in buildings and achieving
sustainable energy management. They are particularly recognized as an essential component for implementing
Zero Energy Buildings (ZEB). Conventional Indium Tin Oxide (ITO)-based smart windows offer high
transparency and excellent electrical conductivity. However, due to the characteristics of amorphous oxides,
they have limitations in flexibility. To address this issue, this study proposes the development of an
ITO/PEDOT:PSS hybrid electrode to enhance the flexibility and energy-saving performance of smart windows.
To improve the electrical conductivity of PEDOT:PSS, 5% Dimethyl Sulfoxide (DMSO) was added as a dopant.
Electrodes of varying thicknesses were fabricated, and their electrical conductivity, optical transmittance, and
performance index were systematically analyzed. Bending tests demonstrated that the hybrid electrode exhibited
superior flexibility compared to conventional ITO. Furthermore, the Polymer Dispersed Liquid Crystal (PDLC)
smart window incorporating this electrode maintained stable transmittance properties even at low driving
voltages. In conclusion, the ITO/PEDOT:PSS hybrid electrode has significant potential to effectively reduce
heating and cooling loads in buildings and contribute to energy savings. The technology developed in this study
is expected to be a key component in achieving sustainable architecture and realizing Zero Energy Buildings
(ZEB).

Key Words : A0LE %= 9(Smart Window), 3}o]E2]= A =+(Hybrid Electrode), PEDOT:PSS/ITO, o x| Azt
(Energy Saving), A| 2 of| ] X] 742(Zero Energy Building, ZEB)

T Corresponding author, E-mail: kimeunmi@kitech.re.kr
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A proposal for customized indoor set-point temperature to support
Seoul’s Building Greenhouse Gas Total Emissions System

O|ME, &mtg+!
Junghun Lee, Gayoung Cho*'
A LATY A 7H A7

Abstract : AEAl= =49 A&7/ BHEeL A E FiE SAVIA HlE AtE SRR e &

FAIE AL ek A= AEE = A7 ollU A 45 32 AL o] & E3He = a3t
EA A A7 wlEE S AAR o)L ag A o 2 S o e AR o] Ak By Hes] 1%t 9
UA 5 532 AlT S B9, e gt e e et 24 3]
A HBHA| FEHA, i S AT AR A AR =
olg|et A =5 flsl 7P Aol Aadd e Wk e Y AW A2 EE 22 e)s)
+ Zojth Ay A e ofluA s BT o = A Y e e am
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JellofE, W 717] 8 HlolE, oluA] AR diolHE SR o2 EAskL, Ay AE =2t of
U A AR 712) A S wofshe BAAAE AAISHLA Btk & =g2ol A AA HlolE 4=

i)
st
)
:
32
2
o 1
=]
o gl
il o,
o
40

1o
e o
2~
A
ox
i)
N
ox
N
Y
filo
=
2,
ot

o AALE BENTHE, $F WEY HYLE S 95 A5 Aot A 5 9Es AAY
MPHETH AT WS = ofalh 3 A PHMES o = AFATI) oo HS, 2AskA

Key Words : A& 24712 Z%FA|(Building greenhouse gas total emissions system), AU 442 I (Indoor set-point
temperature), f| | X A& (Energy consumption), A-E-of| 1 x| 2] A] A8 (Building energy management

system), H]5=7] A& (Non-residential building)
T Corresponding author, E-mail: zec@si.re.kr
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Development of a Dust Collection Device for Air Handling Units

Olg_ * DI_A;QF*, ok”;q*T

Yongho Lee*, Su—Chang Mah*, Se—Jin Yook*'
*StoFrst 7] A5shE

Abstract : 57| 237 2 5= L HH 371E ol3olr] ok, F2 A 2] BE e} a5 §ut 2
EI7} A ARk 58], A 2] A= A o2 2717 2 |AIE AlA S 982 skl ol 5§69
st Hejol = i o2 22 A7) fA|7F 2R = =5 5k sf|ut HEE s ARS-she 4 -p-oll Bl Sl
llul HE o] ARG AJZHE Hrt DA 7PAE 5= Qe 3712817 9] ARS- AlZbe] Foldol| uhet EHE o &
e WA Fol HAF gobA|aL, o = qlsf HE o o7t A A o2 At utehA T
o] 714 WA= 7122719 Fe #AIE Aol BeAolnth 2, A el B 5 o7 A
2 A3) Al wioll BEE wA3HA] Srok= Z--7F RIRSHA EAgRe. ool & Aol A, 22 Az
7F 8915 A2 GH 9 dE =557 s ML FEj o] ARIRAE Aabsh Rl 11 F4E 24
sfattt. A2 B il 2 AtollA 7 AR E Aok, o] AMg-E = §lut 2EE
Hoy @l ATl A ARG = S-S 2l

Key Words : A ] 2] €| (Pre-filter), 3|1} & E](HEPA filter), & 7] Z3}7](Air handling unit), $2]7}8}H(Pressure drop),
32 51 -8(Collection efficiency)

" Corresponding author, E-mail: ysjnuri@hanyang.ac.kr
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Design and Performance Evaluation of a Virtual Impactor System for
Monodisperse Particle Classification

0|8S*, SME

Yongho Lee, Se—Jin Yook*'
“gopefakin 7| AF s

F414] 2] 9 LCD ] A Edole} 22 Thopat 4k Rofol 4| Y] 2HeH
tilﬂ%ﬂfﬁﬂ4°m%”4—ﬁﬂdﬂﬁ BAo|ch. £ Ao A vho] A zulE =7] 9]

7] 150 7HF el o] 7]5YatA vl A g X B A AlE

Wok@l JJXH é%e 2b= 29 7 A A]E AASHITE ZF DA A o] TEAL o o2 2
S AR A5 913, Pl A o) 1 8l FrolA) UA AR 5 B
E A}8sto] A5t ke 2ok 7R T E] A AEIL o] f6)0], nfo| T2 u]E WA & ?:]E
RIS 2 A ool 2ES LR 5 AL B, 2 A 74 1w F 2718 2 2 E
Fo AT 2H BRE tiit ool 2 S o) A7) WS 28T 5 9SS BRI

Key Words : o] o] 2Z(Aerosol), 1] A ™ X](Particulate matter), 7+ 2 € (Virtual impactor)
" Corresponding author, E-mail: ysjnuri@hanyang.ac.kr
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Comparison of Energy Efficiency in an Electrostatic Precipitator
Depending on Relative Humidity

SAES SART
Seok—Ju Hwang*, Se—Jin Yook*'
gt 7] A3k

Absinc: 27121 9718 ol §91e] I 24 AR AAL S a2
3 ALY Hokoll 4 .98 B A Ao de] Sk 171747
S B0 GFE e, Jrhere] WSk B7] F 49 o] 25} 34, of
ﬁﬂiicﬂﬁigéﬂii WA g WstIch 32t g S 4jo) vsistl 1719 B

2 AR mEo) stz ofof x| 7] wjtol, A5 =2 Gk Tefste Ao] W77 9] A5 ol i A
4§%%%%P&iﬂVﬂﬁﬂﬁiﬂ%M“E@¥WﬁLf?hﬂﬁméEZJMukﬁﬂﬂﬁﬂﬂé
7 a9 QA7 Aol whE A AR %é@ﬁﬂﬂem%ﬂiﬂﬂﬂ*m = Aitste] s vl
Wtk A Autz e, 443 2o AiGEolA 2 W a8 ST =N A2 oA
im%ﬁié%@ﬁﬁ%%%ﬁ§¢%%%?dWW41%@%4”4%4 Ao AT ZH
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Key Words : 7] %] 21 7] (Electrostatic precipitator), At < &= (Relative humidity), -7 7 & (Discharge current), 4~H| 21

& (Power consumption), oJ| 1 A| f-&-(Energy efficiency)
T Corresponding author, E-mail: ysjnuri@hanyang.ac.kr
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Study on Improving Energy Efficiency through Optimal Design
of an Electrostatic Precipitator

A, SN
Seok—Ju Hwang*, Se—Jin Yook*'

TS 71 Ao

Abstract : 17]131207] 9] A& AWAE Al W A= FAFol Wt vefRt A7 AR EH Ao, A7 ¥
g e FAlol LRt A DA Ats 2] o] FOIAIA] St & AtollAl= 71ROl 24
@ A TE A8k, 6 22 efolo] =2 @74 b A a8 B aud ol A= 9= 24
shlth FA o 9IS 7o 2 F 27 W A= F42 AAskReH, 4 sid & s A
A= B4 Mgl mhE A71AA719 A3 a8 245k HA 9 B A= S =&5ksnh A
TE2 YA S efolo] Aok S7Hda5, 12| AL -5 ol A 2bolo] T T4 o) a5 Y E
© A2 Bk B, oo 2E figo] S7IsHH 4R Al Alte] Faste] A ago] AshE =
Ao 2 YepgTh B, 248} A 5o A A= FA4e Al AdE 3T 2 4] s F6l
A2 AR man A AaprhE AR AT B A= @4 A s e =2 A7 9 AR 5
= ©F20% FEAZE = Ao, And g o & AR 2 2ot S Ao FASHAl A = e 2
At Aiks W A= FA4 HAAATE g o2 TAFS FAsHHEA 71380719
= IA FIA7E Hl F8etthe AE HolFm, o] & Fd oA m& Al 9 A & vlE el
Z1ofd 5= & Ao R 7|dEn

Key Words : 7] %] 21 7] (Electrostatic precipitator), Z] %4 #](Optimal design), -4 & F(Discharge current), 2~H] % 2
(Power consumption), || A & &-(Energy efficiency)

" Corresponding author, E-mail: ysjnuri@hanyang.ac.kr
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H23YEN FAL 9% A9 99l AS-EE
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A Study on the Construction of a Regional Building-road Carbon
Emission Monitoring System for the Implementation of a Carbon
Neutral City

DA, REA HEIR*, s
Hye—Sun Jin*, Bo—Kyoung Koo*', Jin~Woo Jeong*, Hyeonsoo Kim*
A7 EATY AR AFER

Abstract . A system for calculating the amount of carbon emission reduction is necessary for the integration of
national carbon reduction technology development. At the urban level, an evaluation of the possibility of
reducing carbon emissions in buildings and roads should be made, and based on this, greenhouse gas reduction
policies for each region can also be implemented. In the case of the building sector, most of the carbon
emissions are generated during the operation stage during the entire construction life cycle, and green
remodeling and carbon emission evaluation of existing buildings in South Korea must be urgently carried out. In
order to realize carbon neutrality in the road sector, research and development on the entire process evaluation
are continuously necessary. Therefore, if the occupant behavior-based operation optimization technology
reflecting the life-log in the system and the carbon emission evaluation technology for the entire road process
are installed, the possibility of carbon reduction through the system can be confirmed.

Key Words : €433 T A](Carbon-neutral city), Et4~H]| <& (Carbon emission), X] ¢ (Regional units), * 1 E &
(Monitoring), A] 2~ El(System)

T Corresponding author, E-mail: koo.bok@kict.re.kr
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Classifying National Wind Resource Maps based on Wind Energy
Variability

2R Q=7 olalg*, ZRT[* AHAH
Jin—Young Kim*', Donggun Oh*, Minkyu Lee* Chang Ki Kim* Hyun—Goo Kim**
et R 7| & d - Al R glo] B A Al FEgkao | 2] 7] & A -l AR ol A A4

Abstract : SIAE 2 A i FRPAAIYI A W, S7E AU A B 4 vk, A Y A
o slaiAzolt. & AT A AAA AR 4714 2Ate] 7]¥Estel Ak F5 5 X|547]
S QS FANANES S IA Bk R4 R F 0] 4US Telstel EEZ A A4S
vl FANAX £0] EAS mejste] Feslold FAN AL BRste] LAl AU A8
FAR LA 2o ol A5 Bk W ARPNGE BRI 408 ARRAS A Tk,

Key Words : 34132 221 X] &= (Offshore wind resource map), %112 2] 3}] 4 (Mesoscale numerical model), %2 A}
1 7H(Wind resource assessment), 57l ] H] 2~(Public service), 53 AHSurvey)

T Corresponding author, E-mail: jinyoung kim@kier.re.kr

= 7
£ ATE A B AA AR (MOTIE)} $H5to] 1 2] 7|45 7 (KETEP)2] 2] 91(No_20213020020010)} 3tof| i 2
716 AT 7| AR(C5-2422)9) Al Q0.2 st AT T L}

* 187



2025 = SHEEHAO|LAX|SHE] &SR RINE|(2025.4.16.~2025.4.18.)

WEC-P-2

A HFF LA Aol &4
2E3 U HE

ikl

o

Analysis of Modularization Strategy for Container Transportation of
Offshore Solar Floating Bodies

o|pAd*T ZB2* mMRol*
Kyusuk Lee*', Moonok Kim*, Yongil Jung*
*(F) g AR Yol g eto|qllu] 7] A4

Abstract : 2= 27 W3} oA T S B AR | A =)o B Aol S w71 3
AR 7N WA 2 1A Rkl o v Al S =9 S ol Aol A sl . 53] FEor
Aloe] thas A A2 A 2] A Alof E 7]E ol v A] /1t Ul‘ﬂli TR Qlaek Aol ol B E AL
o, ofof b2 Al&skal v]g G824 Q1 tiebo] 8415 aL k. S B g I Al AR ol % &
AdE 2 = e et diote 2 F5EA Qi & AtollA = FiA s B 2 AlaH
= ez AdE FRA Lo HEsh Wehs HESII: o] ), HEdhs i Eot A2 8 F oY
AR A=E %Xlé}tﬁ, Ak &%, 299 doge Al A Aetd FAE 21T = AES FAE &
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Key Words : 341 3l|9F €] &F3Z(Floating offshore solar), ®-&3$HModularization), 71 €| 0] A A}|(Loading containers)
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Optimization of SiOxCy Films via Low-Temperature
Plasma-Enhanced Chemical Vapor Deposition for
Improved Solar Cell Encapsulation

Young—Hoon Kim*, Su—Jin Kim*, Eun Mi Kim*'

*Korea Institute of Industrial Technology

Abstract : As the importance of renewable energy continues to grow, the development of high-efficiency and
stable solar cells has become essential. In particular, flexible and lightweight solar cells are emerging as a
next-generation energy source with significant potential for various applications. However, organic and
thin-film solar cells are highly susceptible to performance degradation and reduced lifespan due to the oxidation
of the active layer when exposed to moisture and oxygen in the atmosphere. Therefore, the development of
effective encapsulation layers is a critical research challenge to address these issues. In this study, a SiOxCy thin
film was deposited on a polyethylene naphthalate (PEN) substrate under low-temperature conditions (below
100°C) using plasma polymerization-enhanced chemical vapor deposition (PPECVD). To optimize the physical
and chemical properties of the thin film, experiments were conducted under various deposition conditions, and
the resulting films were evaluated in terms of residual stress and water vapor transmission rate (WVTR).
Furthermore, since residual carbon impurities remaining in the thin film during the low-temperature deposition
process may degrade the photovoltaic conversion efficiency of solar cells, a low-pressure O plasma treatment
was applied to improve film quality. The results demonstrated a significant reduction in carbon content after
plasma treatment, leading to an approximately 25% improvement in WVTR, reaching 4 x 10~* g/m?-day. This
indicates that the encapsulation layer exhibits sufficient performance for solar cell applications. These findings
are expected to contribute to the enhanced stability and reliability of solar cells.

Key Words : €521 X|(Solat cells), &-X] 9} (Encapsulation), =555 (Water Vapor Transmission Rate), =2} =0} 3}
&}7] A2 (Plasma Enhanced Chemical Vapor Deposion), % 3F-3-(Polymerization)
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Analysis of Regional Characteristics for Photovoltaic Power Forecasting
and the Potential Utilization of Insolation—Sunshine hours Integration

HEOIX[* ZXHRI* Z2* o|X|@* AlSo* HNChs)* fB8* olg=*'
Min Ji Park*, Jaemin Kim™*, Gwi bong Kang*, Ji yoon Lee*, Ho yeon Shin*

Da hee Jeong*, Jong won Yoo*, Yun Gon Lee*!
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Key Words : Photovoltaic power prediction, Photovoltaic power generation, Sunshine hours, Insolation
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Development and Evaluation of Empirical and DNN Models for
Estimating Sunshine Hours Based on the Cleamess Index in South Korea

SE* LD, A FZH, SNFS FTIS ojemt

Eunyeong Kim*, Jaemin Kim**, Kwang—Nyun Kim* Kyung—Bae Choi*, Sunju Park®,
Jin—Hyeok Choi*, Yun Gon Lee*'
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2317 A 20 o 2 K] ok upA ey xé TR O] A H2=0] Qajekal o 2 A|7He] A AFEE o)
BT AT AR A A LS U A BAE B BHS P2 SRS, B4 5 o

Ao FAATE 015“*73%4 2ol Zﬂ/\llﬂo‘ﬁ} YERAIEE AR 7R §A B4 0] =2 S H 3
ﬂ, g A A 5S AT AR A L2t oS R = AAHE AL A ekt whebA B
S o3 QA2 A URAIS) BEAS AEIN] e A BAR AHARS ol g3t AR
Hotaah gk B ARNAE BHASE /R WEE ARARES
Neural Network (DNN) X2 &8 7|33} 11 v 0l- 7 235190t 43 B el 2 2| 4=9} }_ ] 7ko] %Pﬁt}ﬂ]
0.2 10 22 thi U LSS DNN RS B, o G S8 U v
2 2E3le 7 Bl B R20.9 o)) ARl 34 HB=E e 913l DNN R dlof A o =
S Ao &5 A5 A8 A dY Hee 2fes gelo] Fasith XA 4 E‘“ =

Ay 22 A7k gAY B3] Qi A Mol M Y2 AR MRkl B8 S glov], 7 AxshE Uz

=0 =2 T

A AR RRE B BT Al ST e g7 R S E A4l 282 A= Vgt

Key Words : Elj %F33 -7 (Solar photovoltaics), & ZA]7H(Sunshine hours), % 7 X 4>(Clearness index), | % =& LA}
=F(Surface solar irradiance),, Deep neural network(DNN)
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Improving Wind Forecast Accuracy for Wind Farms Using Numerical
Weather Prediction and Machine Learning

QEA* ARG o|nlg*, AR
Donggun Oh*', Jin—young Kim*, Minkyu Lee* Chang Ki Kim*
gt U 2] 7] e ATt Al E gl o) B Al

Abstract : Accurate wind forecasts at wind farm scales are essential for efficient power generation and grid
integration. This study evaluates two approaches to enhance wind forecast accuracy: ensemble forecasts derived
from numerical weather prediction (NWP) models, and machine learning (ML) techniques for forecast
post-processing. Forecast data from global and regional NWP models—including the Global Forecast System
(GFS) by NCEP, Integrated Forecast System (IFS) by ECMWF, and Local Data Assimilation and Prediction
System (LDAPS) by KMA—served as initial and boundary conditions for high-resolution simulations using the
Weather Research and Forecasting (WRF) model.

Results indicate that detailed, high-resolution WRF simulations reduce systematic bias by better capturing local
terrain influences. Additionally, ML techniques decreased the root mean square error (RMSE), demonstrating
improved reliability and accuracy of wind predictions. Incorporating additional meteorological variables into
ML models further enhanced forecast performance. This integrated approach provides valuable insights for
optimizing wind farm operations and decision-making.

Key Words : 2] 32 (Wind Power Generation), 4>%] o]} (Numerical Weather Prediction), %AF& o] Z(Ensemble
Prediction), ™ 412 J (Machine Learning)
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Analysis of Photovoltaic Application and Electricty Utilization
Potential on Rail Bike Route in Jeju Island

HEMOQ* Z0iz* Sz
Jeongwoo Park*, Minkyeong Kang*, Chang—Uk Hyun*'
okt o A] - Ab-g-start

Abstract : A|Z=E 7158 9] g Aduto] T oF 4km 7S £-3
made] Aol gixjetm o) A= 5o o] glof B d°ﬂ At &de Als
TollA = ATl dutel 3 Aol B 9 d & A5k A
AlQEstaL, o5 S8l oA A4 7Hsd& B7ISIATH Bl FE uHL
AYEE o]&3to wjd A A& A-s 22 Astal 229}
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< B7FsHeh B A g e SOl Al dvtola 3o et AYe ¥ 35T
FHH SR B 7HeRE o] o] WS AR SRIH I T B AlLTHE F
4= 9l o]AlslEb Ao RS }z%gg AFEST 2 A= HEE olvAlE 283 7]
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Key Words : €] 9533 24 (Solar power generation), 2 2 €l o33 ¥4 (Railway photovoltaics), A 7] ] & H}o] A (Electric
rail bike), ArcGIS, PVsyst
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ATE &8 A A4 2 9 P2X(Power—to—X)
e AT H7t

Resource Assessment of P2X Technology for Solving curtailment
issues in Jeju Island

7|:||2.'_<—-1_J’-* I:_I|I-§34%**~***T
Junkyo Kim*, Hyeong—dong Park***** T

SRR SRS (NE PAPARN= Bt AR SR o v IS NE PApARC vk o
k] ook o L R AL A 7| ol A

Abstract : 417 40]L) = he1olvi 2| 23] eg AAVel7] vEol W A Mz} g 6] AHo] o
2| 8}A] o= 544 71 A au, o] & Q1 &9 ﬁlﬁi(Cuﬂallment) A7 AR B8] AlF = o) A9, A
swol 85 20 A4S vt AAE A5 S8 WA &9 Algtelar qlow, 2t ottt &
o A3t 2217} 2 25) SR 9lek 20216 B 2023614 2 WAL
3]9] &9 Algho] o] FojFlom, 2024 d ol = 8H7}A] Z}2} 513], 323] 9] &€
whel LEE WA AU S 85| B Rl BAIZL A4 602 At
o1 8| 2a7] $Iek ke 2 AE] 713 (Sector Coupling) 7]420] LT o0, e S S22 W
315}= P2G(Power-to-Gas), G2 A A5}= P2H(Power-to-Heat) 5 TS # Ak 7] <o) A5l Q). 7]
L At T2 A A ZAA| o] HEE o] 9o, P2X(Power-to-X) o] RHAwF B 7F A o A| A of] Th
A A o2 R E Aol

AN A AT A2 0] AL A ka2 42 Po] & e ste] o] e HAls)
T, PX 714 R4 Al B H5e o A F YA Ea A2 S/ MAEke ool ATt AL
A AEAS Tejste] M AZY Eelo] Wa £ NG A, PX 7|4 A8 M5 B
shdct. o2 Bl A= £ Al B4 ok S5k AAAQ 714 A8 2o QYA A4Sk

7} g

Key Words : A1 E] 7] &3 (Sector Coupling), &3 A|$H(Curtailment), o]\ X](Surplus Energy), AIZ{AY oA A
(Renewable Energy), P2X(Power-to-X)
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LiF 28E3S 8 o|AHA ¢34 AW I ¥4
2 Wysley AL A

Enhancing Interfacial Stability and Electrochemical Performance of
Secondary Battery Cathodes via LiF Sputtering

o * * T
SAMI* HER|Z

Sangmin You*, jinju Park*"
ey of {4 § 3

Abstract ; 2 15Lo]| A= 22bA %] 9] 9k 4% (NCM, LEP)o]l LiF(Lithium Fluoride)2 A 1] €] 2] H}A] 0 &
25101 A% SV 3% 17151 A2 ST SIc. LIF 3192 05105 93 el 4949
= Ak A A A7 AL, 3FEHA QH A& AL 7= 8-S gt 3, LiF 32 SEI(Solid
Electrolyte Interphase) 3 A2 AA|5}o] 7] F5F A -8 (Initial Coulombic Efficiency, ICE)S Z71A]7] 1L
717090 Aol 2 7 9 39 582 FYA I EIE epeh,

E3], AW E YL o]-85}0] LiF BFuk-S A3} Li Half-cell S A|2Fs)al, A 7|318H4] Quje A B3y
(Electrochemlcal Impedance Spectroscopy, EIS)S £-3| LiF 23 €] & A|7to]| 2 Jujd A Hals B2
gt} I Al Z=-vbA Afo]Eo] A E o) el 85 £Alo] ZFASIs AFFS WY o, LiF _]:1501% )
& 8130 ol uld) ArjHon e AR fAIshs A0 SelEgct ol LiF 9ol A A
2718 ATH o o AFe R, 2R A7ISEHY A5 AL - ASS AR,

==
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_I?L Sl
ool _ILI o

Key Words : 22} 7 X] (Secondary Battery), %= 4~ A} (Cathode Material), LiF (Lithium Fluoride) Z &, 2~ &
(Sputtering)

T Corresponding author, E-mail: tkdals8448@cju.ac.kr
7

AT 20244 E F 5 o)1 AFsHgat o] AU ot el AT MAIR, FHA BAUA g oA 7]
B4 ALl o] Aoz Sash @15 7| Q] ch@HA| S : 2050000606)

o Job

* 195



2025 StEENLOIURISE] EASEYHINS](2025.4.16.~2025.4.18.)

ESS&SC-P-2

Development of Battery Life Prediction Algorithm for
BESS Failure Prediction and Condition Monitoring

MO BXIE* SRIE*, RAEE
Sung—min Woo* ", Jin—chel Moon*, Jae—hyeok Hur*, Byung—Hoon Jang**
* 2B a3 Ao A A Y, FHe e Y=

Abstract : ZE-9] 2|98 Al F3 A E|+= Digital & Safety & Development A AXIE ZH 7, 2| 5E
E}—‘T‘—%APC;] & Algto| Zapo] L2511, A U] o1 x| &, A, 3] W obA 7|Eke] 28 [oE Al A
g 7uke 231 )R E 1 ESste], 7| SAE, SAlA e 1 ARl 2| AHL Ao g ol =) B
%Oﬂ Aekg uj Ao, ©AIR 0] o Y 2| %4eAte] SelAE Julrt Bitolc)

Aol A= v E 2] 9] H2-2-9-& 913t hHE FEstr] $14l DNNE 9 5-¢t SOHY| St sl 7
£ Z2 AT Jusiol, ESSAEAIS B9 a0 R T 4 ol eSS sk

Ho

Key Words : v €] 2] of| ] 2] ]34} %] (BESS, Battery Energy Storage System), &34 (Deteriorated Cell), 44
1 A (Cell Balancing), 1774-¢J| X] (Failure prediction), Hf| €] 2]4="4 (SOH, State of Health)
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A Study on the Heat Dissipation Performance of a Cylindrical
Heatsink with L-type Fins

LIEIS* S|EQI*, 0|8S* EAZ* QME*T
Hak—ho Nam*, Seungmin Heo*, Yongho Lee*, Seok—Ju Hwang*, Se—jin Yook*'
*StoFrst 7] A5sHE

Abstract : LED 213 0] e 2AZ 312517] S84 kA9l & hel7} Faste, ofof ule} g1y =
A7 9] AX@PMQO}E} B ATl A B4 o] wol A Gl 242k T oj4le] L34 2
< mejshedrh X4 R ARG Bo AN WA A5 AT 1 A4 2 wlolx o) B}

7} AR ko] 7] ofshs A0 Uehetth LA e 242k 9 ohu] of 18%0) ek g BY

L-

1A% 24 sk 07 o] A gro] 15% o]t o] w$lelA] F7kskeieh. elu, A 2hert 00°d wef i
A2k W AR S %S L gleh A% 2w dslel thE Aol B EL Aa2ty
£l 7] 50l 24%0] 9.0 U L34 o] AHGE 9ol 10% o] )2 ZolS9ich. 3, -9 4 7
o] ¥ U AT AATS 15% o] o] LA ST 4 G A4 wEsert.

Key Words : A1t} 5 (Natural convection), 314 = (Heatsink), LEDZ ™ (LED light), & #] 3}(Thermal resistance),

4 2] Z+ &= (Orientation angle)
" Corresponding author, E-mail: ysjnuri@hanyang.ac.kr
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ESS&SC-P-4

A Study on the Enhancement of Heatsink through the Addition of
Annular Structures

oSt 2RI SME

y O L—L—
Hak—Ho Nam*, Hyeon—Min Kang* Se—Jin Yook '
ookt 7] A FEE

Abstract : LED %73 9] £ 2517 1A kA 0 2 st Ao] Biolni, o] 2 9]
3147k de 2gar. SL515] e 48 41517 319 SR A A A S5 o
Fol gheh. 3hH, 1Y Z0) YA UG A SIS WY F71E H A A7} L B
ol A=, pin Tl A48 S W A5 AAIel] Slal Tt ) Aol FaE FohsHs
¥ mostgic 7129 S ] o B2 A WE ENE GASAAE FA $742 A5 9]

SRR EE EEEGERE R L RER LR
e DA W st KT E W A2 HA 7]olE 5

Key Words : A}¢1 )5 (Natural convection), 814 = (Heatsink), LEDZ T (LED light), & #] &}(Thermal resistance),
/4 2] Z} &= (Orientation angle)
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Development of a Method for Improving the Heat Dissipation
Performance of LED Luminaires for Plant Growth

O_IA|:||* L_.I'ol'g* 2145 **, 7:!%4&!** ok”;q*T
Seungmin Heo*, Hak—Ho Nam*, Kyung Ho Kim**

Beom Seok Kim**, Se—Jin Yook*'
“eopah 1A B, FHERAERC

Abstract : i Aol A= F4 A ES E-8510] A& A8 LED 57172 B 452 /MAlsh= 2

S NSkl A B A H*é% 3 F& A ES A5l ub o] LED M3 ol &= 5 A 14

o7 ‘*%4 WS Eelsleh. AF Aot Algﬂﬂ 14 A} ko] A ix}— 3% ol & & U253
10 7

3, o1& Fof A4 78 e) 4 f—J o AZSG B4 AESL G 71E 29 717 (Case 1), 2
) toll 45 ALEE F2Hk 25 7] (Cave 2), L] Y29} 2] ol 15 AIEE AR AR 28
273 712Case )] ste] LED 51A29] 5.8 S5 23, Case ) FEEPERERE T
S e £ o] dateiel, 7)) A4 R Sl A8 Y4 LED 57157 34 =8
o] F71RO RN W A B 02 FAAA 5 9IS A OR | hE

Key Words : LEDZ " (LED Lighting), 314] 3.(Heatsink), %< (Heat Dissipation), 4]&-&7%}(Plant factory)
"Corresponding author, E-mail: ysjnuri@hanyang.ac.kr
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A Study on the Shape Optimization of L-type Fins for Enhancing the
Heat Dissipation of LED Bulb Heatsinks

SS0* HEIS* 0|25* FAF* AR+
Seungmin Heo*, Hak—Ho Nam®*, Yongho Lee*, Seok—Ju Hwang*, Se—Jin Yook*'
Fglofrfstal 7] A5 s

Abstract : LED 2739] 71 53} 9950l 452 918l M, LED 44l wie 4 antg oz
%a:ﬂﬂ%ﬂaw wﬂ% ED 170 kA 02 Abgri b 122 19 Zelo| = Fo
of ol 1l YE3 HﬂOl*ﬂ 2He sl A Hlo] g atefaglal, sl Ao Aty o8 A s= 1 94
07 L-gA I A G Ak o 7 Ya| AR E = ZA}2HE To] AR R = 3l T.0] A o), A

A 2eo] wel 51421 341 Aelehol oJet 457157 walitobd Syl W Aol Astle
A7hHPARE, o]} 2 TS A AIBE] S, Aol A A W] AR AAS ] L7
30 B TOSISIT. A B AL Bl LA Te] 28 AT, 1 A5 A% B 4
Zhich. 7 A, LA o] 488 s4=vh A2k Mol ALg sl I Hls) mE X\ ZhEmo
distel el Aol AHAE AS SIsHelTh. Ba LaA Ho] A48 0430 AXTL o Z317] ¢

oA

Key Words : X}QﬂEHT,—(Natural convection), 814} = (Heatsink), LEDZ 4 (LED light), & #] &}(Thermal resistance),
X ZF & (Orientation angle)
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Research on Recommendations for Policy Improvement through

Performance Analysis of The Mandatory Renewable Energy Facility
Installation System for Public Institutions

ARIZET 2
Jiwon Seo*", Sunghoon Kim*
e P ECE AP S

Abstract : This study analyzes Korea’s mandatory renewable energy facility installation system for public
institutions by drawing on data from 6,469 installations, as well as surveys, on-site investigations, and
in-depth interviews. The findings indicate that the majority of installations center on solar photovoltaics

(71.0%) and geothermal energy (22.3%), whereas fuel cells frequently face operational discontinuances due
to economic and technical constraints. In response, this research proposes clarifying the scope of applicability,

mandating real-time monitoring via REMS, and strengthening maintenance support—including subsidies and
incentive—penalty measures—to improve overall system efficiency. Such policy enhancements are expected

to contribute to the long-term, stable operation of renewable energy facilities in the public sector, ultimately
aiding the nation’s carbon neutrality goals and advancing the transition to clean energy.
Key Words : Al A Aol R] A 2] 2] F- 3K Mandatory installation of renewable energy), 35 7]3H(Public institutions), Al
AP X HFE A|3L(Penetration rate of new and renewable energy), Al&AYof ] X|(Renewable
energy), Az} A o U | 1G] 2 (Renewable Energy Dissemination Program)
dlo} 4=

= =
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A Study on Distributed Energy-Based Power Self-Sufficient Cluster
Models in Urban Industrial Zones

T SRR AR K3k
RS ZIG A > AXEX|

*
=, Oo=

Hyun—Seok Cho*', Young—Chul Kim**, Chang—Jin Song**
RISt gtal AA A FRFAA FHEQIHFAA] o x4k}

ol

Abstract : 0] <EAtol L] 7] 243t SR A9 o] 5, 2o} F4le] ol 2] A4 A2 -3 da o
=53 Qlek 55] e 0 DR A Q1 =AY AFAHEA ol Ao M A o v A 3a i AlE
4 SRE gl8l, watel U X 7]uke] g ZeaE B o] Fas|A L ek & Aol A B
3, A7 AR, ESS, A 9] BAbo | X Y- 235}al, nfo| A2 18] =9} VPP(Virtual Power Plant) 7|

117
ojf

& AABE, AAATA W AYAEES A7 UL AU L& Ajketeh B3t Alg &3
v &3} £7 £A41-2 b3t 4284 w978 =5 LMP(Locational Marginal Pricing) 7|5Fo] 7| Q& A
sooldE Faystelnh AlEdold A, AFE SelaHe 2 A9 S FotE st A
£ oA FAOIE 2T A8 5 LSS ShIalrh b, Aol A shefel Waysiol A
o U -0 QAP BHAA 30| BA ZRNME 23S BASAT. 2 A T RS
A Ak A 2| g5y A 8 9t 7| 2 AR E 28 4= U

Key Words : E-4to]| ] %] (Distributed Energy), =A] & AFd 4] (Urban Industrial Cluster), 74 4~ (Virtual Power
Plant), | 9 3FA| 7} 4 (Locational Marginal Pricing), 0}o]| 22 18] = (Microgrid)

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

* 202 -



2025 KSES Annual Spring Conference

EP&CT-P-3

Rubitherm-Powered Multi-Stage PCM Systems for Sustainable
Thermal Energy Storage in Heating & Cooling

S5l0I= CHU*, AIO|S Raist QIHEA*  Zged+!
Muhammad Dail*, Syed Murawat Abbas**, Young Won Kim*"
L AYA | ALY YA Y15, ¥*FNFC-IEFR PAKISTAN

Abstract : The escalating global energy demand and environmental concerns highlight the need for
sustainable thermal management systems. This study evaluates a multi-stage phase change material (PCM)
thermal energy storage system using Rubitherm Technologies GmbH paraffin-based PCMs (RT 25 HC, RT
28 HC, and RT 31) to optimize heating and cooling load regulation. A modular copper tube array housed
within a PVC enclosure was analyzed via ANSYS Fluent CFD simulations, with experimental validation
under variable airflow rates. Results show that RT 25 HC demonstrated the highest temperature efficiency in
summer, followed by the multi-stage system, RT 28 HC, and RT 31. In terms of time efficiency, the
multi-stage system outperformed RT 31, RT 28 HC, and RT 25 HC. The multi-stage configuration effectively
maintained air temperatures within summer (27-30°C) and winter comfort zones, leveraging sequential latent
heat utilization for superior energy density (15-22% improvement) and temperature stabilization. While
efficient under moderate conditions, peak seasonal performance required integration with passive cooling
strategies. This system offers scalable applications in building climate control, battery thermal management
(BTMS), and medical temperature regulation. Future advancements should focus on Rubitherm-compatible
composite PCMs with enhanced thermal conductivity (e.g., graphene-doped variants) to address response
time limitations and further reduce HVAC energy consumption..

Key Words : =34 SHE-2] (Composite PCMs), A& 7|5 Ao} (Building climate control), A< 753 & g

(Sustainable thermal management), & ©J|\] X| #] % (Thermal energy storage)
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Reliability and Performance Verification of a Blockchain-Based Direct

Power Trading Platform

Xl

—
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*OSRIG* O|SHE*, O|XHY*, MO RHHS*T
Jinwon Yoon*, Jinyoung Hyun*, Hansol Lee*, Jaewon Lee*,
Sungmin Woo™*, Byunghoon Chang*'

AR AYAR(E), SR Ak 2R ol | A AlTE

B

Abstract : o 2] A&k A2 B5 02 A Fekon], s A= o] 2ijt S5of WekE Aol A 3020
o] Al &2 53l 2030 AP of|  A] WA H]S20%, 2040 30~35%2] EEE A A5k 5 ARG H R B
o] 7] &5 vhskl ey Al A off th gt Aol HAF A7FEA A atdol A M2 AR Ee] &
Al e, Aol 2] F B EE 7IHEe 2 Sk AR ) o U 2] AA| 2R (ESS)o] 1AL 2l
ek A A AHAGL SYHTE 2R diAt i T RoA AU A E FFs AlLde] 4
o] Jlof, B g A& she il A YA o] A& AL 5 dfjshe Hlolle AT =A@t wEkA
ofuA] 2w o] s Aol E T4 a8 S B g T Adde olEofliaL e Al
ARl ej 2] o] FAdofl Al Abe]oll A TR A= RS k. o] & AT R 2 42 A £
AL 719k A E23E A 71Eo] vk E5AI 71N A A E3E2 P2P (Peer-to-Peer) A O 2
TGN AAA G oA A ARt} 4w} Zke] P A E S8 2 Tk HEYIE Aleste

341 7| zolch B3] B2AQ 7142 o A AN A2 e oA AHele] BAe e AA|A wnke Aw A
2 4 Qs Ao At girh 2 Qe A ZEAIQ 71Uk 4% Al A BAFBTS)S AL, 7
S BYES BgItel oA ZRFpu Anke Aok 7|uk AR Y, Y W AN 5L AT 5
Qleh. 2RI 7N A A A SRES] AT S AF0] 913 7he] ABdol e At
FF ATE SRELS BEto] AFS AWT AZlo|th. £ AL AW ZAEBTS)} o)) A5
F2E SAIekaL, 22 U A HEHE E215H-0 FAF £ 889 Holtt.
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Feasibility Study of Biomass Pyrolysis using Double-Vacuum Tube of
Solar Thermal system

HEAOP* ZIERS**  ZIERS|* Zlas*T

Sungmin Park*, Taesu Kim*™*, Taehee Kim* Geunho Gim*'
AU 2] A, () o gt

Abstract : A A A 02 AFRE = S AR 2 @ F 2A| o] F Ao 2HIE o] s, o]= &4
=7F 52 A ZAIE dolA] Bl AGA QI o] 7] %o whE A 55, A 2] 52 wwt 59
FHAFS o)A FAo] Foj7lar Qich Ioﬂ S-9ll 7] & ¥H3}&3](The UN Climate Conference, COP21 and
COP25)9] 7] 513} oFof| whe} thehwl =2 247k AP A H32 5 A AR HE QUTH). o 7] 4] 247k
Ui E 0] h FE-S AR 5h= A2 oUA] RO R 7|4 V]9t ES ABAkeh=t] tiRE-S XA
shal Qlow, o 7] A ARE-E= oA Y2 S AR T 60% o] g AFASEAL Qlet. oo W& 2Rt
A AAR SR o 2] AikE 13t S A= E thA|5H7] 918) vio] @At ejed(d), ¥ o &2
Ao x| o] thA| A o' zhgikar Qlt. 53] vio] Qufj A= 7\??ioﬂﬁxl AHE-8h= A A ol e 2| 9F
2] A, AA, 715 ol gt FFo] Aol o | A] AR A o] w9 WAL, TRkl Q17HEg-of A HH%
= vﬂ” ﬂlx}-ﬂ(iz“ Hjo] @ ufj 2)o]-g-o] 7}H55FaL A ARt of A EV“HH o] Grol H| w4 ghax
‘“/‘34 g2 0] ZFstth,s). 2| FE5AA oA vl E Bl = ] o0& Blo] LU A iAo &2 HA3tehA 3 7]

2 o] g3t Hho] L AR E AVAFSHAL AA o A1 AASHE 7140] T 9 B chaket AL
%ﬂﬂﬂﬂL‘qﬂﬁﬂﬁﬂﬁﬂuﬂJQQHECﬂi7V@P”“Hﬂ~ﬂ“°ﬂ-Aﬂ
et ﬂ%éﬂﬂﬂ#ﬂdﬂ?ﬁﬂﬂR&LJEAE“ﬂﬂE“M4¥Q%ﬂﬂﬁﬂ

a& Asts —4 A /g o] A A E AL Qi whebA] & Aol A = FSAMA ol A Bl = m]o]& HPOIRUH
229 Aeta vlo| 2 A7 A3l 7|4 FRE ) S Au] & A] AL FEF] £2(200~400T) 5

o §AI5IE 2% [ i of ThiE vlo] onlA0l S AL a0 ARl B RS ARSI
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Key Words : & E-3}|(Pyrolysis), 2% %33 (Double-vacuum tube), Bl % H (Solar Thermal), H}-0] 2 1 2 (Bio Fuel)
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2% A3u¥ HEERE7] €38 3

Thermochemical Conversion study of tree Unused Agricultural and
Livestock Biomass using Double Evacuated Tube Solar Collector

AT, ZENE*, HEMO* oM * ZI2S*

Yongjae Cho*', Taehee Kim*, Sungmin Park* Seoyeon An* Geunho Gim*
Y of A A

Abstract : 2 A1 | Aujof AUEA 02 AME-E| = 0]5 23 TH(double-evacuated tube)S E-8-3}0
FHAE FARE vlo] g vio] Qulj A 0] H5tetA &g 7a/Ad ) vio| L Am B A Q] B HIFeFIT
AlE o AFR-H o] R F TS 047x1,500mm 7] 9] o] E3t LZ =2, 0.8T EE“ﬂi’ﬂo] E o8& A&
Hlom, A Mo 2 RE 1.2m 0], 30° Ao = X E Qe T3t W Has-S FdA1717] S8 &
Fu]E YkAlTo] AL8-E Qi)

Aol AL vho] Suj ok SETS, S8, Aol A SRl AL WP FE AN A E0E F
L% 300C =20 A& B 21L 9.5A7F 8-A]51Qith vHlol| e A B 2 9] V1A H7t= A Blol 2
ol A~ 2] ] Qe FH(kealkg)S 7] & 2 53 Q).

71 A3} L =23](5,110kcal/kg)S 2=k (coal) 1} S-AFSHEFF =S H ¢ 31, ©3(3,550kcal/kg)-S Bio-SRF
o Ak o] WA Lhehiich B3] 9-30] 49, B ol FAFTE o] §3 4L AR W o
23S B3| o =2 g wko] Bio-SRFE A 3to] 71538 71 0 & ekgch

Key Words : 25 X334 g3 <E 7] (Double Evacuated Tube Solar Collector), €3}8+4 A %K Thermochemical
conversion), 1] ©]-8 H}o] @ ul A (Unsed biomass), H}©] 2.-11% ¢ &% (Bio —~SRF), & &-3}|(Pyrolysis)
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Impact of Electrode Configuration and Temperature on the Electrical
Characteristics of Insulating Oil in Solar Power Transformer Systems

ZIEHSIT, ZEA*, QRAor* whyoix AaS*

Taehee Kim*', Yongjae Cho*, Seoyeon An*, Sungmin Park*, Geunho Gim*
Aoy R AT

Abstract : 3 Q15 By wd A w0 K] AMLE| Y] Helgo] H714 SAo o
%%04415 a7t AAR-o A Aol A= 9 ]
& Aol Aelgo) AL st o Fad gt
79 45 A ok A 4 7 A Aot
B, #hg) vl vls-als )2 A Ak, A 7 AP E 1.5mm, 2.0mm, 2.5mm, 3.0mm=E ¥H3}t
= Eﬁ} 14@‘ O 2%+ 07T, 10T, 20T, 30T 9 Y] 7HA] &&= 27 oA A3lS Z18gs}3lt.

49 43 43 93t 2ol vsp} 4elg ] 42 ol $AT FHE I AR Lehite).
ol 127 45Tl ek 4 45 3ol 49 o) bﬂw}%caw vhebg o, o] elg 54
ekt S5 9] 65 1440 529 FAE 18 5 2 Sl AL
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Key Words : €} %F33 2H7 (Solar Power Generation), 7] & -5 (Transformer Insulating Oil), A= 33 (Electrode
Type), 7124 EA (Electrical Characteristics)
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FY 953 BT TA ALY A ¢ A5

Development Demonstration Status of Agrophotovoltaic Systems
in Korea

OFMOH* ZIENE[* ZERf* wfMor Zas*T
Seoyeon An*, Taehee Kim* Yongjae Cho*, Sungmin Park* Geunho Gim*'
F Ao L X A

Abstract : G353 ejoFg 2 A AEL 1981 £ 9] E8]5HR} A. Goetzberger?} A. Zastrow”} ‘& 1}
B i e A ARl A5 AR A| EHGlem, 115 2004d U2 o] UTFAuf oF 7| 2R K M)l <
3t &2} 4o (Solar sharing)o] 2} W82t 53 BSE T2 EELY] o] &3 gH4tE Qi) o] 2016
Y 2o A= 2L g Ged|abHol ()&l A 9% gk ubA A= B & AUl A
sl om, ek Ql =AU A A S - FAMA F 7L A S/ A L o] A H e g2 2016\ FE |
AH7HA D} B A o] W3ol 7P5§_ 9 B A £ Al2E T k2] A
& 231 19 FoIe). 53] & ATUL AUE UL WAES} 4 1017 (), 2%, R

Hﬂﬂl)— T’H“O 2 AR A, 117‘“ 9 slo]H 2| =3 o] theket 53 HE 2 E 2 A5k} A
HH71“* &S ol T 165kWH o] 13714 AFHAE &8 Solth 953 s T Al L7 i
7454 TE7 *4%01 20%E oA s AHE AR Hod I A HEl oA, A 2 4 5
= YAFFE D) Aledlol A A Soll M4 ndlil JsF e oh AHE] A7 A ] A 24
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£ B0 A0 L NN 2R7I0E EEUT o) bR o= 2 5ot Ay YR 420
P AL o) B el Shitel AR 4RO 2 ek A AU SIS 14
A

A8 12 holz) W e g Aeoltt.

Key Words : %53 €| %F%(Agrophotovoltaic), =3 | 5=2](Independent Pillar type), AJ-3- &4 (Growth analysis)
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Development and Demonstration of 700W+ n-type High-power Module

UaS*" XIS LES*, otAfot*
Geun Ho Gim*', Ji Hyun Kim*, Tae Hee Kim, Seo Yeon An*
A=A A A

Abstract : This study aims to reduce solar module installation costs and enhance LCOE (Levelized Cost of
Energy) competitiveness through the development and demonstration of 700W+ n-type high-power photovoltaic
modules. M12(210mm)-based n-TOPCon and n-HIT solar cells were applied to design 710Wp modules,
verifying the performance and reliability of large-area, high-power bifacial modules.

A 45kW-scale demonstration system was established at the Naju test site for long-term field testing, evaluating
the power generation performance of n-TOPCon (710Wp, 23%) and n-HJT (700Wp, 22.5%) modules. The
results showed that the n-TOPCon and n-HJT modules exhibited a 5-8% improvement in power generation
efficiency compared to conventional PERC-based modules. Additionally, the application of a Roll-to-Roll
patterned backsheet with improved moisture resistance (WVTR < 1 g/m*/day) enhanced the long-term reliability
of the modules.

The developed n-type high-power modules are expected to be applicable to large-scale solar power plants and
building-integrated photovoltaic (BIPV) systems, serving as a key technology for strengthening the competitive-
ness of the next-generation solar industry.

Key Words : N& ]| oF7 X](n- Solar cell), o) H A/31%2]/31 & -8(Large Area / High Power / High Efficiency),
o e kg X E(Bi-facial Solar Module),
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In situ Monitoring of Industrial-Scale Low-Pressure
Chemical Vapor Deposition Process through Residual Gas Analysis

O[ASI*T, ZBAM¥, S32% ZR0i*, AT ™A o', Aot

Sang Hee Lee*', Munse Kim*, Hee—eun Song*, Yunae Cho*, Yong—Jin Kim*,
Kyung Taek Jeong®, Min Gu Kang*', Ka—Hyun Kim**'
o U R 7] A HlFg e, FEEE sty 2kt

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}8}7]AFE2HH (Chemical vapor deposition), 25712~ E-4 7] (Residual gas analyzer),
Phosphosilicate glass, BF2F43 %F-& (Thin-film growth rate), o= -7 %] =.4=(Predictive Maintenance)
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Photovoltaic Fault Diagnosis AI Model Using Heterogeneous Domain
Data Based Deep Learning

QOIXH* HIHOP A ZURE* am*!
Minjae Oh*, Young—Ah Park® Hye—Jeong Yang®
Yonghyun Kim*, Myungwoo Son*'

=g 7]Ed Al U A Al E]

Abstract : Bl 2F3%- 27 A| 2 El(photovoltaic, PV)-2 2|42 9] A8 AARS: £]3) 1AF of it o) 113k

o] e1g A1%el 2t A 4151 7o) 081 2 @ AL Aol dshyolul A
Go]E1 28-5fol 217 9 S DA L0l /st A % AU, Hol e A
7 28 e, ek Wk el dhol 2 st ont, A Helvlol € e
£ ACIDC A% % AL 70 WEE BT, Blole B 22 919 e NS U uAF 7]

SRS

lﬁ S 8319t} o A E Z(Multi- Layer Perceptron, MLP)E %‘f%?_} ndo EX(J'
et = Z7F 95%2) 86% o2 BTt E3L e Ul o] B & =71 -9 ZH2E oF 96.5%, 90.1%E 117
e 5ol = ATt datioln| A& E-8-3F B dl2 ROI (region of interest) 7 111], olu|z| Z7] &
A W AF3S 3y 3t 3 $H4JFA1 7 HH(Convolutional Neural Network, CNN)2 g3l on, A 7y
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A AR A8S 5F AoF BEY 29 54 24

Analysis of Output Characteristics of Solar Modules according to
Long-term Reliability Test

AQA* O|RIA* ZAX* Shsi|n|*, mAStT
Woogyun Shin*, Jinseok Lee*, Youngchul Ju*, Hyemi Hwang*, Sukwhan Ko*'

o YA 71 At AR A AR AEA
Abstract : B} HE-2 £9]of AR E|o] 7|7 st whebA], £2]9] 71E3t $H of ofdf HE9
T3 FA7E GRS WA Bl AL, o] & Il HEo] o] AstEt. o] 2k S vt st gkd BE
PA ol A= A= 2] A7t &8 AskeS 1Ldfsto] S HEgtth A 9] e fd BE2] 7
£ 20~25 0] 80% Ak, Z]Lof| EFY HE-L 30~35U 85%2] S-S H=3lc) sl A| Uk, gkl B E
o] A= 29 ol g, 7o HoFd REolgE &8 A o}go] thact w8k, o] 743}
=78 %OLOI 01111?_}%} Z7do]aL, 71 3k 2 stol| A &9 A5l BlFo] IR, ARFQ1A], okY
H S X1&2Q1A] &elo] mﬁo}E} o5 Fofl AR e Y= e ' 42 Aol o 7]
o AX@}H ZﬂfHLOl =29+
2 =2olAs A4 EAd Al OIA%PO% g el &9 Askes =
Aol AHEE BES F 5RO, &2 7Y BEl BE Y 112115 9 A ARo| 2 Al ARS-
BHTH 1215 A2 6500hE KS C 8561 7]Z(1000h)thy] oF 64, &% Alo]Z A132 1600 cycle=

sheict.

Key Words : Bl %33 & E(Photovoltaic module), %}7] A1 2| Al (Long-term reliability), 112315 A] & (Damp heat test),
2= A}o|Z A8 (Thermal cycle test), 22 E-Ad(Output characteristics)
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Study on a Classification System for
Photovoltaic Module Failure and Life Prediction
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Two-stage New Hybrid Process Towards the Wide Spreading of
CIGS Solar Cell Industry with Materially Efficient Fabrication

ZRON*T, &401* QbMITI*,
KRS A2, ZX|E*, O|T¥, ojots*, &I, ogF:*
Yunae Cho*", Soomin Song*, Sedin Ahn*, Ara Cho*, Donghyeop Shin*,
In—Young Jeong™, Seung Kyu Ahn*, Jun Sik Cho*, Joo Hyung Park®,
Jin Soo Yoo*, Kihwan Kim*, Jihye Gwak™, Sang—Min Lee*, Ahreum Lee*,
In—-Chan Hwang*, Young—Joo Eo*

YR A/ ATY, HYFATS

* =% * * * =1%
ZOfap, ASE* HMQIH* QHST AZAIF uizEk

Abstract : A chalcogenide Cu(In,Ga)Se2 (CIGS) solar cell is one of the most promising alternatives due to the
high efficiency among all the thin film solar cells, however its complicated fabrication process and expensive
cost should be solved for the commercialization. In the present work, we suggested a novel commercialization
technique which combines the beneficial parts from vacuum and non-vacuum process for saving the production
cost as well as the high efficiency. Carbon-free CuS nanoparticle precursor was used in non-vacuum process to
save Cu materials and thermal budget. (In,Ga)2Se3 precursor was stacked by the vacuum co-evaporation at low
temperature for the controllable stoichiometry. The two different ordered stacking structures were designed and
applied to form the CIGS film where CuS nanoparticle precursor was deposited at first on Mo film, followed by
the deposition of (In,Ga)2Se3 precursor later, that is hybrid staking A (HSA) and vice versa, hybrid stacking B
(HSB). The high quality of structural, compositional properties of HSA solar cells were investigated compared
to the non-uniform properties of HSB cells. Our novel commercialization technique can contribute to
widespread CIGS solar cell industry with saving material and efficient device performance

Key Words : 212} €} 2k Z] (Thin film solar cell), 3}0] 28] = &4 (Hybrid process), 11 & -8-(High efficient),
L= Q) X (Nanoparticle)
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Research on the Metallization Firing Process for High-Efficiency
TOPCon Solar Cells

* * =% * * =|O*
ZROH*T, ST, O|ME* HFE* AT 43512
g

Yunae Cho*', Yong Jin Kim* Sang Hee Lee* Kyung Taek Jeong*,
Min Gu Kang*, Hee—eun Song™
el 1 D g e R i e s

Abstract : For the high efficient silicon solar cell, the passivating and metal contact layers should be
comprehensively considered. Tunnel oxide passivated contact (TOPCon) structure have been attractive
candidate for the high efficiency by the development of passivation layer and metal contact. In the front side of
TOPCon solar cell, Ag-Al metallic paste has been usually used to contact with p+ boron emitter with SiNx and
Al1203 passivation layers. The firing profile is the crucial parameter for the high quality of metallization base on
the thermal reaction. We investigated the effect of burn-out range and peak temperature on the properties of
metallization and resulting solar cell performance. Through the control of burn-out range and peak temperature,
the structural and material properties were characterized using by the x-ray diffraction (XRD) and scanning
electron microscopy (SEM) measurements in firing profile, which helps to figure out a mechanism of the
formation of Ag-Al metal contact. Finally, the comparison of specific contact resistance of metal contact and
solar performance suggested the optimal firing profile. We contribute to understanding the firing process and the
realization for the high efficient solar cell.

Key Words : A 2] Z € 984 | (Silicon solar cells), =3H Metallization), 2~ 3£ 2 1} A (Firing profile)
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Fill Factor Loss Analysis Depending on the Temperature
for the Industrial Silicon Solar Cells

O|ME*! &5|2* ZnIgr* RZER*
Sang Hee Lee*', Hee—eun Song*, Min Gu Kang*, Kyung Taek Jeong*
el 1S D g s B I o e B

Abstract : Since the temperature of a photovoltaic (PV) module is not consistent as it was estimated at a
standard test condition, the thermal stability of the solar cell parameters determines the temperature dependence
of the PV module. Fill factor loss analysis of crystalline silicon solar cell is one of the most efficient methods to
diagnose the dominant problem, accurately. In this study, the fill factor analysis method and the double-diode
model of a solar cell was applied to analyze the effect of JO1, J02, Rs, and Rsh on the fill factor in details. The
temperature dependence of the parameters was compared through the passivated emitter rear cell (PERC) of the
industrial scale solar cells. As a result of analysis, PERC cells showed different temperature dependence for the
fill factor loss of the JO1 and J02 as temperatures rose. In addition, we confirmed that fill factor loss from the JO1
and J02 at elevated temperature depends on the initial state of the solar cells. The verification of the fill factor
loss analysis was conducted by comparing to the fitting results of the injection dependent-carrier lifetime.

228 &4 B4 (Fill Factor Loss Analysis), 2= 9]2&A] (Temperature Dependence), 2742 Al2] &
Efj9F 21 Z] (Crystalline Silicon Solar Cell), Passivated Emitter Rear Cell(PERC)
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Electrode Design for High-Performance and Low-Ag Consumption
Zero-Busbar (ZBB) Photovoltaic Modules
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Unsoo Kim*'
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Abstract : 2 e OF3 WE] 1ol mpel Blopy Hoke] & -t X 104 71 2893%7F F715H
ou], 22 717 /A 100%7k FAkskAh Z15HEA 0 B S7behe Bek Kol 27t the:
sk, 54 S7b7h Babdsha ol Bol Aol A 72 A S Bl W 982 Bt SlaAt &

A7 e BB o] WA o|t}. & AHE B mgW)E BAH 0 BopdA] o] A tixjel U
43 slolam0) 24 FYE WO, & AN RE ARE A8 AT Fielg Fel] AsiAL
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o TH2 A% 24 (oss analysis) S 3 o] ZeAa} O ABLS AL HEAOZ © ARk S
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Key Words : 2 #] 7} (Low-Ag consumption), Z1=+ /4 7| (Electrode design), A] 52| ©] 41 (Simulation),
BjoF34 ® 5 (Photovoltaic Module)
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Development of Mobile Recycling Process for End of Life
Photovoltaic Modules to Reduced Carbon Emissions

UZT*T ) O|ASH* L ADI* MIOI* ZHT* ZENSH
Junkee kim*". Sanghun Lee*, CheongMin Noh*,

KwangMin Seo*, YeonJu Kim*, Taeha Kim*
*(F) Ygol ~ o E]

Abstract : 7] 33} ZA4of] th3-517] A3l A A|A A o= Ao A 4=8.7} Shefj g of uhek AR Aol
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Key Words : El| %33 & E(Photovoltaic Module), €| %3 5|3} 'd (End od Life Photovoltaic Modules), ] Z-&-(Recycling),
B4 8 E A3 34 (Low Carbon PV Module’s Recycling Process), ©]5-4] 2|8 %] 2](Mobile Recycling
Process),
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A Study on the Optimal Installation of Solar Power Plants
Considering Industrial Electricity Rates

ZRIS* QA*T
Jinho Choi*, WonWook Oh*'
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Key Words : AF-8 71 7] (Industrial electricity), 2] 4 2] ¥-9]ZH(Optimal azimuth angle), 24 9] A4 2] Z} &= (Optimal tilt
angle), 73 A 4] B 7}(Feasibility test)
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Analysis of improvement in Capacity factor by back reflection in
Floating photovoltaic

O|X|2*! ZFA* MZEJ[* U=
Jieun Lee*", Hyunsik Jo* Jungi Jeong* Donggeon Yang*
HSka AL AL

Abstract 1 25 7]57:917] Th8-2 913 Fol Al 2050 SaF Y ABS 9kl 2215k gc,
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Key Words : <=4}l %F32(Floating Photovoltaic), % & X -&(Bifacial module), <= H YA Water Reflection),
©0]-8-E-(Capacitor factor), & HFALA] (Back reflector)
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Performance Comparison of Machine Learning Regression Models for
Inferring Voltage/Cuirent in Photovoltaic DC Amrays

DAEHT S0l TEE* AT, O] RIA
Sukwhan Ko*', Hyemi Hwang*, Youngchul Ju*, Woogyun Shin*, Jinseok Lee*
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Key Words : B 933 o] ] o] (Photovoltaic array), 15 X% &1 2] Z(Artificial intelligence algorithm),

7] Al 8+ (Machine learning), A}/ F 32 (Voltage/Current inference), %AFE 2 2 (Ensemble model)
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Investigation of Passivation Characteristics for TOPCon-based Rear
Junction Solar Cells
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Abstract : B]'d AISHE g A|#| o] A 7 Z(Tunnel oxide passivated contact; TOPCon) Al 2] & € 9F 4 x| = 7]
T A Atelo B AlskE S5 @A) 2 iAol 5SS St 2N TR B
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Key Words : TOPCon, 3] A] H]| ©] A (Passivation), & of| ] €] (Rear emitter), p& ¢ ©] 3 (p-type wafer), & *] 2](Thermal

annealing)
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P1 Laser Scribing Process Optimization for Indium Tin Oxide
Substrates

Vijgy C. Karade*', ZMIS* HQIF* DRIX* HIFRE* ZZAX SQIFK X5,
Santosh S. Sutar***, Tuckaram D. Dongale***, QIE&**** zZ7|&at 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*

HRFto U A7) d Y Bk, Fretekdista stsly-slat,

“¥Shivaji University, **** gh=tol g 2] gt st 2 4g of| A ] -5 ek}

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 uJ insufficient to separate the adjacent scribing regions. While
pulse energy >5.7 uJ, APL>35%, LSO>46%, and processing speed >1250mm sl gives >16 um of scribing
width. Further, the decision tree (DT) analysis showed that pulse energy of >8.1 uJ, 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 : | o] & 23 8to|H](Laser scribing), Bl %33 X E(Solar module), ITO 7] F(ITO substrates)
" Corresponding author, E-mail: yjeo@kier.re.kr
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Study on a Life Cycle Acceleration Simulation Algorithm with
Artificial Intelligence Model
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Key Words : €] 9534 % 5 (Photovoltaic Module), 913X ‘5(Artificial intelligence, Al), =8 7](Life cycle),
7+ A& o] A (Acceleration simulation), A Z-&(Recycling)
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Leakage Current Analysis of Silicon PV Module
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Key Words : 17719t 5H(Potential induced degradation), € %33 % & (Photovoltaic module), %4 % 5 (Leakage current)
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Impact of Thermal Oxidation Temperature on the Crystallization
Behavior and Surface Passivation of SiO, Thin Films for Enhanced
Solar Cell Performance
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Yuntak Han***". Yong—ijin Kim**, Unsoo Kim**, Hyungwoo Kim**
Sang Hee Lee™*, Yunae Cho™*, Kyung Taek Jeong™*, Junyong Um**
Min Gu Kang™*, Hee—eun Song*, Ka—Hyun Kim*'
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Abstract : Silicon oxide (SiOx) thin films play a significant role in enhancing solar cell efficiency due to their
high dielectric constant and excellent surface passivation properties. In particular, the fixed positive charge and
reduction of interface defects in SiOx films suppress minority carrier recombination on the wafer surface,
thereby improving overall device performance. In this study, silicon wafers were thermally oxidized at 500, 600,
and 700 °C under various conditions, and the crystallization behavior and microstructural evolution of the SiOx
thin films were systematically analyzed using X-ray diffraction (XRD) and transmission electron microscopy
(TEM). The effect of the degree of crystallization of the SiOx films on the electrical properties and efficiency of
solar cells was evaluated. The results are expected to contribute to the optimization of SiOx thin film processes
for further improvements in solar cell performance.

Key Words : SiOx Thin Films; Thermal Oxidation; Crystallization Behavior; Microstructural Evolution; X-ray Diffraction
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Annealing Effects on Passivation Properties of Phosphorus Doped

Polysilicon for Tunneling Oxide Passivated Contacts on Solar Cell
Performances
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Sang Hee Lee™, Yunae Cho™*, Kyung Taek Jeong**,
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 passivating contacts (TOPCon). The
TOPCon structures were prepared symmetrically on Ga-doped wafers. The thermal oxidation process was
employed to create a silicon oxide layer serving as a tunneling barrier. Subsequently, intrinsic polysilicon was
deposited through the low pressure chemical vapor deposition method, followed by ex-situ phosphorous doping
using POCls. In the following annealing process, we found a significant decrease in passivation properties at
lower temperatures (< 800C) and a recovery at higher temperatures (= 8007C), except for the highest
temperature of 900°C. Electrochemical capacitance voltage measurements show that active phosphorus ion
profiles undergo distinctive active dopant modulation at the two temperature range. 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 : Annealing effect(& #| 2] &1}), Phosphorus(Q]), Activation(Z-4d 3}, Polysilicon(t}-2 A A 2] 2),
Crystalline solar cells
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Analysis of the Degradation in Power Generation Performance
According to Fine Dust and Solar Module Lifetime
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Key Words : U] 4| ™ X|(Fine Dust), €] 3 2+ A5 (Solar Power Performance), A& el 234 ¥ 5 (Reused Solar
Module), ¥ & o4 2 E(Bifacial Solar Module), ¥4 2 of|Z(Power Generation Prediction)
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Performance Analysis of Reused ECO Modules and
New Bifacial Modules
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Improvement of Electrical and Optical Properties of ITO Film for
High Performance Si Heterojunction Solar Cells

Saewoong Kim***  Jun—Sik Cho™*, Min Jae Ko*,
Joo Hyung Park**, Jin Soo Yoo**'
*Department of Chemical Engineering, Hanyang University, Seoul 04763, Republic of Korea,
*Photovoltaics Research Department, Korea Institute of Energy Research, Daejeon34129,

Republic of Korea

Abstract : Indium tin oxide (ITO) films shows high transmittance and electrical conductivity, due to these
properties, ITO is commonly utilized as a transparent conductive oxide (TCO) in various applications. In this
study, we optimized ITO thin films for high-performance silicon heterojunction (HJT) solar cells. ITO thin films
were deposited on silicon wafers and Eagle XG glass using a physical vapor deposition (PVD) system. Target
for ITO and deposition temperature were maintained as constant parameters, while the flow rates of Ar and O,
gas, and plasma density were optimized. and their properties, including sheet resistance and transmittance, were
analyzed with 4 probe resistance meter and uv-vis spectroscopy. The optimized ITO thin film, with a thickness
of 100 nm, achieved a sheet resistance of 60 ohm/square, demonstrating excellent properties suitable for solar
cells. The application of the optimized ITO thin film is expected to significantly improve the short-circuit
current density (Jsc) and fill factor (FF) of solar cells. This study could be useful for the fabrication of solar cell
and energy harvesting.

Key Words : Si heterojunction (SHJ), Indium tin oxide (ITO), Transparent conductive oxide (TCO), Solar cell
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Improved Grain Size and Crystallinity of AgBiS, Thin Film
Via High-Temperature Sulfurization in Thermal Evaporation
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Abstract : Silver bismuth sulfide (AgBiS,) has gained attention as a promising photovoltaic material due to its
optimal band gap of 1.3 eV. In this study, high-purity Ag>S (99.999%) and Bi»Ss (99.999%) were co-evaporated
via vapor-phase thermal deposition to fabricate AgBiS, thin films. Enhancing carrier concentration and boosting
device performance necessitate strategic improvements in crystallinity and mitigation of grain boundary
recombination through sulfurization. However, films sulfurized at temperatures below 200°C exhibited limited
grain growth, with an average size of approximately 98 nm.

To overcome this constraint, high-temperature sulfurization was systematically investigated. Thermogravimetric
analysis (TGA) was employed to determine the optimal annealing conditions, guiding the selection of
processing temperatures at 300°C, 325°C, 350°C, 375°C, and 400°C. Among these, the most significant
improvements were observed at 375°C, where the average grain size expanded dramatically to approximately
350 nm. Additionally, the optical transmittance at 1100 nm, which was initially 34.2%, decreased to 18.1%,
indicating a substantial enhancement in optical properties.

Key Words : AgBiS; thin film, Sulfuization, Thermogravimetric analysis(TGA), Themal evaporation
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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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Controlled Synthesis of AgBiS, Thin Films using Co-Sputtering for
Photovoltaic Applications
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Abstract : This study explores the fabrication of AgBiS, thin films using co-sputtering, emphasizing precise
compositional control and structural optimization to improve their suitability for photovoltaic applications.
AgBIiS; is a promising absorber material due to its optimal bandgap (~1.3 eV) and high absorption coefficient
(>10° cm™). While solution-based deposition methods have been widely investigated, they often result in phase
segregation and compositional inhomogeneity, which can degrade device performance. In contrast,
co-sputtering enables simultaneous deposition in a controlled vacuum environment, promoting uniform film
growth and precise composition tuning,.

In this work, AgBiS, thin films were deposited using Ag>S and Bi,S; targets, followed by post-deposition
annealing and sulfurization to enhance crystallinity and compositional accuracy. X-ray diffraction (XRD) was
employed to characterize the structural properties, while scanning electron microscopy (SEM) and
energy-dispersive X-ray spectroscopy (EDS) were used to analyze morphology and elemental distribution. The
results demonstrate that optimizing deposition and post-treatment conditions significantly improves film
quality, reinforcing the potential of AgBiS, as an efficient absorber layer for thin-film solar cells.

Key Words : AgBiS; thin film, Annealing( & & 2]), Sulfurization(3}3} 54), Sputtering( 215 52HH)
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Fabrication of AgBiS, Thin Films via Sputtering and Enhancement of
Crystallinity and Optical Properties through Sulfurization
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Abstract : AgBiS; has attracted significant attention as a promising material for next-generation photovoltaic
applications due to its optimal bandgap of approximately 1.3 eV and excellent light absorption properties.
Additionally, Ag, Bi, and S are naturally abundant elements, making AgBiS; a sustainable and environmentally
friendly energy conversion material. This study investigates the fabrication of AgBiS, thin films with uniform
composition and high crystallinity through a sputtering-based multilayer deposition process, followed by
post-deposition treatment.

Initially, Ag,S and Bi,S; were sequentially deposited under controlled conditions to precisely adjust the
stoichiometric ratio. Subsequently, a sulfurization process was conducted in a tube furnace at 300°C for 20
minutes, which effectively enhanced both compositional stability and crystallinity. The structural and crystalline
properties of the films were analyzed using X-ray diffraction (XRD), while their optical characteristics were
evaluated via ultraviolet-visible (UV-Vis) spectroscopy. The results indicate that the deposition sequence and
sulfurization conditions significantly influence the crystallinity and optical properties of the AgBiS, thin films.
Based on these findings, high-quality AgBiS, thin films hold great potential for application in next-generation
photovoltaic devices.

Key Words : AgBiS, Thin Films, Sputtering deposition, Sulfurization process, Crystallinity enhancement, Optical
properties
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Solution-Based Synthesis of Bulk AgBi, Thin Films and Their
Application in Solar Cells
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Abstract : AgBiS, is gaining attention as a promising material capable of overcoming the moisture,
high-temperature, and light sensitivity, as well as the toxicity issues, of perovskite solar cells (PSCs). This thin
film exhibits exceptional durability, maintaining stability even under harsh conditions such as humidity,
elevated temperatures, and air exposure. Furthermore, it is composed of non-toxic and environmentally friendly
elements, making it well-suited for next-generation solar cell applications. Additionally, AgBiS, possesses an
optimal bandgap of 1.3 eV, consistent with the Shockley-Queisser limit, and a high absorption coefficient
exceeding 10° cm, ensuring superior light absorption and excellent photovoltaic performance.

Previous studies primarily focused on the solution-processed fabrication of AgBiS,. Building upon this
foundation, we developed an improved approach by dissolving AgNOs, BiNOs+ SH>O, and thiourea in DMSO,
followed by spin coating and annealing at 250°C for 2 minutes to induce crystallization. UV-visible
spectroscopy, XRD, and SEM/EDS analyses confirmed that the fabricated AgBiS, thin films exhibited
enhanced optical absorption and improved crystalline structure compared to previous studies. Furthermore, the
solar cell fabricated using this process achieved a power conversion efficiency of 1.7%, demonstrating the
practical potential of AgBiS,-based solar cells.

These findings not only demonstrate that AgBiS; is an environmentally friendly material but also highlight its
exceptional potential for achieving high efficiency and stability in practical solar cell applications. The
development of non-toxic AgBiS,-based solar cells is expected to be a significant breakthrough in advancing
sustainable energy solutions.

Key Words : Spin coating (X~ 7 8), AgBiS2, Annealing(& *]2])
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Metallic Bi-Enhanced Synthesis of AgBiS, Thin Films for
Enhanced Photovoltaic Performance
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Abstract : AgBiS,, possessing an energy bandgap of 1.3 eV and an absorption coefficient of 10° cm™, displays
outstanding mechanical and engineering characteristics, positioning it as a highly potential candidate for
photovoltaic uses. In the traditional thermal deposition technique, the co-evaporation of silver sulfide (99.999%)
and bismuth sulfide (99.999%) causes the rupture of Bi,S; double bonds, resulting in bismuth depletion. To
mitigate this problem, metallic Bi (99.999%) was incorporated into the co-evaporation process alongside silver
sulfide and bismuth sulfide, effectively eliminating bismuth loss. X-ray diffraction (XRD) analysis verified the
successful synthesis of AgBiS,, indicated by the stronger intensity of the 32° peak relative to the 28° peak. This
method markedly improves the electrical and structural qualities of the thin films, underscoring the critical role
of Bi (metal) in obtaining the targeted phase and enhancing the material’s overall efficacy.

Key Words : Co-evaporation, Photovoltaic, AgBiS,, Bi(metal),
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A Study on the Recovery of Silicon by the Time of HCl Reaction
from Waste Photovoltaic Cells

%‘X‘H%‘*’***T, a;ﬂg***** oclol_;ﬂ**,***, é_l%_q_)g**, T RYF*
Jei—Pil Wang****', Jin Seong Kim***** Im A Jin*****
Joon Seong Heo™, Pyong Jae Jeong™*

Rt gAY &Sy, R YISt 3433, ***BB21 Plus Team

Abstract : B b2 Ry Wb o2 HH A2 713 584
A A AAA 2 AR =Fo] G ASHA S7Fsll AL Uk B A
o] Fof= g0l A Astet). o] wpzt =rgo] el ¥ K5 E
FEES FAAEUAYES Pt 2, 7, dRrlE, a5 O &2 g Eof ek o] 7k 4
Tee I W AZE T PV 7N Q2S5 wA AdS AR =N A& TS AT
1, 5 7] #e] ZAE AT 4= 9ok E3F Siemens processS E5F A 2] E BjoF A o) Ao} AHAFH
AU A FeS ot = & AL = 7|t e} wehA] & Aol A= B8 K& 5 ribbon wireS 4| 7
ot B g Al = 5E] 514\—5—4 dE|ES Add oz s3] 9% 7|25 sk ¢4 EHOW’
Al ©] SEM-Mapping, XRD 4! ICP-MS 242 B3l A& A 4 gFS 3 i]-_}é}ﬁa ]
2 Aot 22Ol Fof 2 Aol tiel YubA oz AMEE = A 8N kS © 3}3'113} 15 "ﬂ
47t HCl &= ARgsto] & ksl gt M= 5 A= W At e -5 d

o] W 4L oF 20~30d 0 & 1

WA, A4 § A7 Sl o8 Ay 30
3 o
‘d_

e

AT A 02 GAPEIT B

o]ﬂ o

B

2

o He
dr %
x5
.
‘“r
! o

& o

AL AW T2 B3 EEE HCU S M, 9% 93 A AL T 283 4127]9) 2oh Alakel 60T 2
5to] 1 M A|2E 30, 60,90, 1202 02 WAE o] HPsialrh 7 A3 A e A1 02
| A <12 99.92%, B4 97.8%¢] Ao} 2 )4 4= 29}

Key Words : €534 Al (Photovoltaic cells), A 2] (Silicon), HCI(Hydrochloric acid), & HF-3- A|7H(Leaching reaction
time), <=5 (Purity)

" Corresponding author, E-mail: Jjpwang@pknu.ac.kr

i o
re
oy
rlr
—111:

Abped 4] 8l () AbE| 2Lk 20) BB2Iplus A0 2] 2] A7)

* 237



20253 = SHEENAO|LX|EtS| EAHISHEWES](2025.4.16.~2025.4.18.)

PVE-P-32

L34 HYAA] H3FO0RA
CeO, HHEHe] WAMI/UV A9 4% 47

Investigation of the Radiation/UV Shielding Performance of CeO,
Thin Films as a Protective Layer for Space Solar Cells
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Abstract . As satellite miniaturization accelerates, active research is underway to replace traditional III-V
compound-based triple-junction solar cells, with a particular focus on applying perovskite solar cells in
CubeSats. Perovskite solar cells can be manufactured using low-temperature solution processing, enabling low
cost, lightweight design, and high power conversion efficiency per unit mass. Furthermore, the limited moisture
and oxygen in space are expected to enhance the durability of perovskite materials. However, the harsh
conditions of space, including exposure to high-energy particles, thermal cycling, and a vacuum environment,
can lead to a degradation of solar cell performance. Cosmic radiation, which is primarily composed of protons,
is a major factor influencing solar cell performance. Additionally, interactions between high-energy particles
and materials can cause glass substrates to darken, reducing light absorption efficiency. In this study, cerium
(Ce) doping technology, commonly used in space-grade glass substrates, was applied to thin-film processing. A
colloidal CeO; solution was spin-coated onto glass substrates, followed by annealing at 250°C for 15 minutes to
form CeQ; thin films. Proton and gamma-ray irradiation experiments were conducted under space-simulated
conditions to evaluate the shielding performance of CeO,. Furthermore, UV-Vis spectroscopy was used to
analyze the darkening effects. The results confirm that CeO, thin films could serve as protective layers for
optical materials in space environments.

Key Words : Perovskite solar cells(#] 2 B A 7}o]| E €24 2]), Cosmic radiation(--3= HFA}A1), Shielding(X}H]),
CeOy(0]4t2} Al E)
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Relationship Between Acceleration Factor and Equivalent Lifetime of
Solar Modules in Long-term Reliability Testing
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Abstract . Photovoltaic modules are tested and certified based on IEC standards. The test standards have been
continuously revised since the 1970s. As new information is added to the existing procedures, each test method
and sequence builds on the previous test, and as the industry evolved, the IEC test standard became the only one
recognized by both module manufacturers and buyers. However, experts recognized that the IEC test conditions
do not match the field conditions, and that they are too different from the field to be conducted as a single test
without considering various stressors in combination. In addition, given the physical time and economic
situation, it is not feasible to wait 20 or 25 years every time to see what happens after the module is deployed in
the field.

In this study, the acceleration factor and equivalent life were calculated by applying an accelerated composite
test rather than a single test as in IEC standards, simulating actual field conditions. As a result, we propose a test
model that can reduce the test time and save about 40% in terms of equivalent life.

Key Words : A1 2|4 €] A E (Reliability Test), 7145 | A~ E (Accelerated Test), B %3 25 (PV module),
7}4: A4 (Acceleration Factor), -4~ (Equivalent lifetime)
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Investigating PID(Potential Induced Degradation) of Bifacial
p-PERC Solar Modules

b+ T
Soohyun Bae*'
i |16 A b e B I o e et

Abstract : Y BT RE2 AE FoIA T FS STy sl 22 A7l S71sh

Qict. %8], ootgoé p-PERC | &F3d mE2 2017 AY3tE o], =0 5847} 7]& YAk

L 5314 "Ro| A& AL-go] L33 Z7tstar k. a8y o] #3 &0 A4 o o]

o] 4= 31+ Potential Induced Degradation(PID) &A}to]| tjal 1L ofz] H=3F AAo|t & AL

p-PERC B 9} 2] o] gjAJu o] A 291 ALOs7} PID G3}of| ]3| 3k Bt .
ol fl8ll ¥ F p-PERC 5 M E& L2 W74 S5 Hriete A8< 383t B3 s

ol A 213

27k AL

A7rste] dst

Slgch YA

o] o] o] FA|Ho| A &= Y AA EIE ASIA A A= A o 2 LElyTh

10

24317] ol2l Aol 21 B2 S4S BA] 95, A FAF NS HE R Aas
ALk PID AL 7H53k5}7] 913) 85°C 9 85% 5 270l 4] -1000 V] AL
e pastgom, 49 23t BE TRl A B3 AR I3 Aekrh WAL B
40 0 2718 24 23, 9P pPERC HleF 2] PID Q5He felolA] SHLE o2

L

Key Words : 1274 ¢+ & SH(Potential induced degradation), Bl %F33- %5 (Photovoltaic module)

T Corresponding author, E-mail: soohyunbae@kier.re.kr

7|
A 023 AEAARLR ] AR10.R ol A7) E R I Al ot S A ARGl
A E : RS-2023-00303745).

rkE -IolI

240+



2025 KSES Annual Spring Conference

PVE-P-35

BT HEE AL THNA
29 T4 s 9 A3t EeE 4%
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Impurities in the Recycling Process of Waste Solar Modules
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Impact of Bird Droppings on Floating Photovoltaic (FPV) Module
Performance: Maintenance and Deterrence Methods
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Development of a Hierarchical NizS,/Co;Ss@Mo0,CTx OER Catalyst
for Enhanced Oxygen Evolution Reaction Performance
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Abstract : The oxygen evolution reaction (OER) in water electrolysis is hindered by a significant overpotential,
while noble metal-based catalysts such as Pt and IrO,, despite their efficiency, face limitations due to their high
cost and scarcity, restricting their practical applications. To mitigate these challenges, non-noble metal-based
catalysts, including oxides, hydroxides, sulfides, and selenides, have been extensively explored. However, their
poor electrical conductivity and unstable catalytic properties continue to be key obstacles.

In this work, a Ni3S»/Co3S4@Mo,CTx@NF catalyst was synthesized through a hydrothermal method, incorpo-
rating highly conductive Mo,CTx MXene with OER-active sulfides (NisS,, CosS4) onto a nickel foam (NF)
substrate in a hierarchical fashion. The MXene component, which offers excellent electrical conductivity and
strong metal ion adsorption capability, promoted the uniform formation of flower-like NiCo-LDH. A
subsequent sulfurization process converted this structure into nanocrystalline NisS,/Co3Sswith a hierarchical
porous architecture, increasing the available active surface area and maximizing reaction site exposure. These
structural modifications improved charge transfer and accelerated electrochemical reaction kinetics, ultimately
lowering interfacial resistance and enhancing reaction rates.

To ensure optimal catalyst performance, the Mo,CTx content and the concentration of the sulfurization reagent
were carefully tuned. The resulting catalyst demonstrated outstanding activity, exhibiting an overpotential of
270 mV at 10 mA cm™ and maintaining a stable overpotential of 310 mV at 50 mA cm™ for 50 hours. This study
introduces an innovative approach to improving the stability and efficiency of transition metal-based catalysts
by utilizing the superior conductivity and strong adhesion properties of MXene.

Key Words : Oxygen Evolution Reaction (OER), MXene, Transition Metal Sulfides
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Basic Study on Hydrogen Production by Decomposition of
Organic Compound Solutions
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Key Words : & Z 2} =ul(Water plasma), & Z&}=0}(Water plasma). 4=2~(Hydrogen), -5-7] & (Organic compound),
3} o # 1 Z(Decomposition mechanism)
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A Study on Fe-doped NiMo High Efficiency and
High Durability Catalyst for AEM Water Electrolysis

Z|CFI**  Komal Patil™*, ZQEM* MO RELRI** dEmAerxt

Daim Choe*, Komal Patil™*, Yujin Cho™*, Seyeon Cho™*,
Soojin Kwon™*, Jongsung Park*** "
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Abstract : Anion exchange membrane (AEM) water electrolysis represents a promising approach for hydrogen
production; however, the extreme operating conditions inherent to this technology limit the performance of
non-precious metal catalysts, often resulting in performance degradation. In our study, we developed an
Fe-doped NiMo catalyst supported on nickel foam (NF) via a straightforward hydrothermal synthesis combined
with an immersion process. The resulting catalyst exhibits a nanorod morphology with a high surface area,
which not only enhances its electrochemical activity but also preserves its structural integrity. Comprehensive
electrochemical and physical characterizations indicated that Mo leaching during the oxygen evolution reaction
(OER) plays a key role in activating the catalyst. In a three-electrode configuration, the Fe-doped NiMo@NF
catalyst achieved an overpotential of 1.526 V at 100 mA cm™ and maintained remarkable durability, with a
degradation rate of merely 75 uV/hr over 50 hours. Moreover, performance testing in an AEM single-cell setup
using a commercial Piperlon membrane yielded a high current density of 830 mA cm™ at 2.0 V. Overall, these
findings establish the Fe-doped NiMo@NF catalyst as a robust and efficient alternative for AEM water
electrolysis under demanding conditions.

Key Words : AEMWE(Anion Exchange Membrane water electrolysis), NiMoOs, Nanorod catalyst
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Development of Ru-Doped NiCoSe Multi-Transition Metal Selenide
Catalyst for Enhanced Oxygen Evolution Reaction

ZQE*, Patil Komal*, 2&EA*T
Yujin Cho*, Patil Komal**, Jonsung Park*"
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Abstract : Hydrogen energy is a promising solution for achieving a sustainable and eco-friendly future, as it
generates only water as a byproduct during combustion. Among various hydrogen production methods, water
electrolysis is considered a clean technology with zero carbon emissions. However, the sluggish kinetics of the
oxygen evolution reaction (OER) significantly hinders the overall efficiency of electrolysis systems. To address
this limitation, we developed ruthenium-doped transition metal selenide (Ru-NiCoSe) catalysts grown on nickel
foam (NF) substrates. The Ru-NiCoSe/NF electrode exhibited a substantially reduced overpotential—85 mV
lower at 50 mA cm™—compared to NiCo-LDH/NF, and demonstrated superior hydrogen evolution reaction
(HER) activity. Furthermore, it achieved the lowest Tafel slope value of 230 mV, indicating enhanced elec-
trocatalytic performance. The catalyst also showed excellent electrochemical stability under stepwise current
density conditions. These results highlight the effectiveness of Ru doping as a strategy to improve OER catalyst
performance and provide insights into the design of high-efficiency electrodes for sustainable hydrogen
production.

Key Words : A4~ 228 HE-3-(Oxygen Evoulution Reaction, OER), Z o] <-4 8| L} ] =(Transition Metal Selenide,
TMS), £ =3 HH(Ru-Doped Methode), =71 3l (Water Electrolysis)
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