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Mongolia Khuvsgul Region PTC Solar District Heating Project:
Technical and Economic Feasibility Assessment

Mokt Jie5*
OO L— sy OO ™
Sungeun Jung*', Kang, Yong—Heack*

#gFolo] 2 FA 54}

WeF ZR2 A E o] $4lS EEFE JAEEDNI 1,700-2,000 kWh/m?)}F 331 317 (-30°C 0]8})S E 6=
X gof Ik, %2 Q17H URE N7} 3002 o] 4ho 2 AR A A] 24
2o o] & 2 b, W) A 5 FP TTE 80% o 42 AJEt shelof o slo] uHm A2} CO, b
Z BAZ ofy|3it}. B e A EL HOB(Heat Only Boiler) HH4]0] A W AS tix517] 2l
50MW+ PTC, A7t < (Seasonal Thermal Energy Storage/STES), ESSGMWh) 5 At A3 9l 2% 7|
29 233}, A 2] u) = oF 22000t 2e|(EPC Z3HE, EDCF ODA 9 9l 7k<}2 23} PPP oA 0 & o]z
£ 2EoA Sk AFYE S 1202072030 7|70 A =7k = 09, 9 SDH 2 =Wof wlhaf
20279 k3% Az, AZF oF 25,000.=2] CO, 751} 807 o] 118 A= AT 7|thetth Rt ofA| o7
23 (ADB)- 1 H 53 7'4-23Y (EBRD)-UNDP-GCF&} 1A o] F-= AR Aol #] Hgh Heko) A5
A wd A3 ok 4 Qlrh 2 A= FGorAof, At Al o YE = 7tol| A PTC, AlxtE4 714 E
FE AL AF O] 7= A A A A2 A et A A s A s A S I A o
st 2 2RSS AA 75 7EA] AlARRET

Key Words : E]%F<& 2H4 (Solar Thermal Power), 53 B %F & (Solar Heating in Mongolia), 153 A& A|2H (Conce
ntrated Solar Collector), 2417} 7+<+ (Greenhouse Gas Reduction), A7+ < (Seasonal Thermal Energy S
torage/STES)
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JERT $YA2HY AFHol 4

Demonstration Data Analysis of Seoul’s 119 Safety Center Using a
Covered liquid type PVT-Air Source Heat Pump System

_;Eg?_*T, ‘i*—’.f—i*

Sung—goo Cho*", Joon—ho Park*
“()o] B 2en] 27

Abstract : 20509 BhAFHS AAS] YT Hoto g AYREL BR RO Ao 2| 29| of
U2 dgho] Y EdlEolH, T ol dREe| Fekasit ofgpsh i gl AREe g
sk 2FAREA A AYD oA 23 ARg AL o] 8o Aeae] A R
= glow, 53] %!-‘?'——Er st} H4l e | Eg o] ARgoletil & 4= 9l o] 3] E 24 °1]L1Xl i
OEH ZH%*%‘ Ee S AN 2N AT S AR 5 A Hoh S| EHEE
5 W AR ke 7]7]oloh whebA S| E o) g e Rt A 5 0] 8
SefshE 4 ol olelet WS 7oe W) A A UE Gat 1718 BAG A e
(PVT)—“%?JE%E °]-83k= HIEJEH A E O] 1 GO A - A sirhal oF 4= Qlek. kA
FHL 22 Aol A= PVTe} 3| E g 32 0) S AFS o] 8ste] &9 3, -2 e

o] 27]7kA] - theFatA 5-8-0] o] FoI AL Glrt. & Aol A= ol Al ZikE AA
HE o A A8 A BB ot A& AR A o] 1199HAllE off HX]H PVT-3]
2H0] oS 2L & FAe Alg o] BapAQl HES fIek URtel Histo] =atala) ??_EP

_12 i

Key Words : €452 (Carbon neutral), €t 4~ 3K Decarbonization), =34 &3} X E(PhotoVoltaic Thermal hybrid
module), Y AY & (Renewable heat), A AY % 2] (Renewable electric), ] & (Waste heat)
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Solar Heat based Dehumidification & Cooling System

Yua RS, Yy, BRE

O X
o=
Bosun Kim*, Hyungwook Chu*, Daeyeong Kim*, Yunchul Kang*
ZHulo] F4 A

Abstract : e QF1 & oy o Aol 4] 4 SERE
o ol Aaoz w9y
L ol
o

B o Al o
EERS % 2l ke, kel A B ol A 7
£ YA A A Sh WU A e 98 A7k st

> o

|5 875k ey

AFo]
s 2 O H»
: I P ShE FR A AEEL 70800 0] 40 1
1o s SQoT g 3 101 Lok A2l S A S A el
Fol 714 2 Aok gl A4 AL A LT 6000 ALo] AYNNE $43t A4S Bt
HFYDE 0B WA 29l A§5] AFstol AF BxolU A Aol ol d 5= 9L

Key Words : Bl %33 (Solar Heat), 21| 2] A|<5 (Liquid Desiccant), 32 A]ABI(HVAC), oY A A ZH(Energy Saving)
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29 9 2484 o¥lg A zgY9a
Scenario-Based Optimal Operation Framework of Community
Microgrid for Fast Frequency Response under Uncertainty

= N
Aledsh Ziolp* ZIE

ook

Hyunghawan Shin*, Minsoo Kim*, Jip Kim*'
oo x| gt ghal of A x| g

Abstract : 2 Aol x] o] Sl A Zd e} ¥/ of ghastal, o] = Qs Fuk b A1 7F At
o YA AL Ut o]d HstR sl 8 Ao F A FHEef 254 AW H(FFR)S T84 0] A
AL Qi ofof] & Aol A= vt ket it oA ho] Ak o1 s shuhe] AU E o
U A] 2] Al AJ(CEMS) S 2 §-35}o, FFR Al )-8 A1k FAlofl 245k 24 &9 =892
£ AARE Al 2 5HE A A A oA Fok B e AR BHE A Alue] e 7Rk &
22kE il Wy Bl 32 ALTHVAC) oAV A4 BRI (ESS)9] 27| &3 FFR ov|g& 2
Rk oldl, HVAC 242 2 &= A F(PMV)g 1fsto] A} 474 A4S frAlst=S Rl 5t
Ok AARZE 4 dA A= L oS A o{(MPC)E 2]-8-51o] A Hatol uhet A2l & 4 o2 2A4s)
L, 7] oo Fube wE WA Al 24491 FFR 52 3 eteh. AA| tis Au L glolHE 7Rk
Z 3t AlEeold 23t CEMS= 7 2 2|2/ sKBEMS) tj#] ofj 1 2] 3-f-2F HVAC F-5} 23, T12] 11
O 1% ESS & W3le §3F ToU Hl-6-2.2 7 AIZM o] R eefe Ay o2 W o|& &
3fl, oA A] axu]u]g-o] At oF 5% gl on], A 2df oF 22% At AvE Bt 2 A4 A
g8 & 7IRke 2 Ao v 2] T 9l 515 theret 224/ 8.9 ofFfj ol A = B E&/4J 3 FFR A
B AN FEE = ee ASoIA o™, FF A AR S 7ol A Fuk F sl 7] o]
TSl T vz 7 g

et ot

Key Words : A& ol %] 2] A|2~H (Building energy management system), 7] 54 €] o] 2] 2] A] A (Community
energy management system), S-AF of| | 2| Z}-¢] (Distributed energy resources), % <+-2-A] oj|H] & (Fast Fre-

quency Response)
" Corresponding author, E-mail: Jjipkim@kentech.ac.kr
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Development of a Hierarchical Edge Control Technology for
Responding to Real-time Net Load Fluctuation in a Community
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X = SH* x|S4x|**k *kk T
OTHEY, SRR, HHET, HEE

oKk T

Youngjun Ko*, Jaehang Heo, Hyeongjin Choi, Sungyul Kim
eIy FEGSAM, FEEgIFdstn A 7]-gska)

Abstract : 4141480 U 2| 9] 3¢ Stz A 57U ] o1 ) 2] A] 2)(CEMS, Community Energy Manage-
ment System) U £-4F U1 2] 2491 £ 9] £EAAS 74541715 Slch Teu 1417 S91e] o 243}
AFREo 2 FsHE AR S Ao 5] of i), el ZahA) Fak AR A A] A 2ge] b A
3} m g0l AL BAZE Gtk & ol A ofejst BAIE #2517 19, AH9] Plannere} 519]
Edge oo 7} 7] 0.2 Aok A% 729] 453 Edge Ao} o}7| €)X 2 A|okiet.

A k5= o] BIA = Edge Tho] MR AARS: HABISHIL, o3 HEhE B9k B &Ae] AEwTh 2, A
ZoFA19] 2 A|BH= 4F9] Planner7} S5, 519] Edge of o] A== 4145k 9413 914 4 Shio] 155}
L Fzolt}. o] 915} Edge o] A E L AX|ZE HAKdeviation)o] tha Al 714 BER B2 cfggick 3
A, 2HE 0] FAR PLAJ] 7]4be] Qbgs} mES e BIghe A&ahA g dte] A|2gel oA
2 hugich. o] Edge Tho] G4k ke H|aaksto] S-S o)1, o] HAshEl A2l F43] o]
Sk ) 71 Eatal el Alolch S, OJu] Qi TELY] HI Y Alofi= A S Al<9o] uE 7 BE
2 g ste] WEAS B4Rtk ThABRe AAS BER, WAL (&40 Ao A AF o] o]
o] /Mg tehan Tk E 9, AL Plannerel] 214121 8. 33E0 24 A28 A9 294X 454 BT,
Ak ob7| A o] A& AF3E7] 130, ARGkt AAgke] Holsh HAIsHE BakAel Alue] 9.8 A
slof Al Eelo] A& STk g Aluke] o QA A S0 w2, WhAe o2 AL, Ak HEA 5 2
3H41Ql olWl= S Earelch. Alsdlo] 4 Ak, Aokel o] ElA 7} Alol 9 obAsh, . AAE) mE
2 AAbA 02 Aestn] ALkl o Aol A QP Hel T HRAel A 89S TATS Selsr o]
= AIQHE WAlo] 54 BeHA 0] o AA| AR A] el EukalQl o] B 4 9e-S AARc

Key Words : 7|74 €] o4 X] 2] A| 2 E](CEMS, Community Energy Management System), &l 2| & ](Edge Control),
A& Al o](Hierarchical Control), <=%-3} ¥ 5 (Net Load Fluctuation), %]-3-& ] o{(Adaptive Control)

"Corresponding author, E-mail: grexerg@hanyang.ac.kr
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Improving Photovoltaic Power Forecasting for Campus Load
Management Optimization via Residual Learning

0|27, E**, -HER*
Younggeon Lee*, Donggeun Oh**, Youngtae Noh*'
*alofogta g|olgj Aol asla), FHgloFt st ¢lF A58k}

Abstract : ©7] B AT o] S Aol A W o] S Wi Mg A a g4 LY fIvt
A Aol Ty 71 219 FA4T He o= ls) WS B Hd e 1

S AYES gole TR Ao A-E3dt) o2 EAIE sl st sl & Aol A= vkt A

o w2 @3} |l k<5 she Hkresidual) k<5 714F e g AT o2} BA 2 Y AE A
oF. AlbE Z 8| 9 A= 257 7 27H 0] E(cascade) -2 2 A A E| 9 0.1, 7] %] (base) W O] B Y=g
Fe AlSSt(IEA), S gl et IS shgole BA RS 53 oS L& e AR &2
Aol A =l v A e al(KENTECH) 71474 B oA 2|82 A 2| (CEMS) 7 9 A 5& 91%h
o Ry ko) Ao ®, A A Y A AL 0] Y g AR AJE S BAISHL 3l K-BEMS
ZRE R E oF 213712022~2024) 9] B WA 9 714 AS HolHE Z8SIit WHE HUE
8l 25 A FF20] 47H4] H A2 EA(MLR, SVR, LightGBM, MLP)&- 747} 2]-§-510] 5 16714 el =
e st e, Hd @ L AHMAEYE 28510 oS AdsS dSsIith A3 23, 1At 7|6k e 4)
B HES 71A 2l oiju] Hof of 11.9%9] o5 e /i AdS S skt 3 AF 24 Ay, 2
o AR} ApE(difference) ¥} o] Bl B @] &8 WE e YEllle 540 24 Y HdF

Gk

S

O
bl A A AT ABH F0.2 s glek, £ W EL mAld mdo] 4igle] dlolE 7]
BEO 2 T7) B W o] 748l A B4 l<50] Bl 5l (model-agnostic), | S E3l A & 55t 29
23S 913t Hj R 2 5] A e B o e 8 sl S Al AR

Key Words : |54 2FAF of| Z(Photovaltaic power forecasting), ZF2} &h<5(Residual learning), @ X} =% (Error
correction), T2 E7}X] & (model-agnostic), 7] FU €] o] x| 2] A] AEI(CEMS)

" Corresponding author, E-mail: youngtaenoh@hanyang.ac.kr
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(CEMS) 48714 Power—to—Heat A|2® £ HF

(CEMS) Study on Developing Demand-Based Power-to-Heat Systems

23._"1_1"*, lelo_l* Zl=axt

Ood-"
Han Kyu Oh*, Jiwon Lee* Dong Rip Kim*'
“ereFrfsta 7] A gk

§ A A Aol AR g o) Fe el 71 ol
IRLIE 91 Aol A T ol A 58 el ] 5% oot e, s
A 3 9 S 3R RS Sl el 48 YA A A el oIS Bsis
) oV 2] 2h] 2] A 34 ol ch. o]of R4S 7140 2 5k Power-to-heat (P2H) 7]
Qe ¥ AT oA AReH U A1 St G 1) s oA AR E R 345
sk SO PIH A2E FE3 A% 70 B AT ANE SR FAH 02,

e 71 Ate] 2712080 S| E U, S, AR A TR P AABE FEe 5 A LA )
shelck. o] 7} Ao A AMAE Fo) T a1 @ A2 duld o] €S Hrstgr). o] %
Zlgke = A% dlolE S wrdsto =M A g0l 4 mele nEslslelrt. oy x| £l wste] dis) A
Aot 015 dlolel9} vlagh £ A ol WA oliiek & A ol St
3 o1 4 E83} 2 Aol 7] of5Hz Aol o]0 % £ gk,

Key Words : A E]# =3 (Sector coupling), P2H(Power-to-heat), 357]< ¥ 3] EH Z(Air source heat pump), =HZ
(Energy storage tank)

" Corresponding author, E-mail: dongrip@hanyang.ac.kr
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CEMS-5

oS A2 Hdd g oA fEHIY
297 234 AY 9 BdoZA o 7|t T 24 7|¥

Integrated Operation Method of Multi-Energy Networks Using
Two-Stage Optimization and Model Predictive Control Considering
Forecast Uncertainty

UYS* ol Lex|*
Weonho Kim*, Guneui Lee*", Eunji Noh*
HF)RIZEEH AR

Abstract : 2 7= 7|7 U B AR @R AR (CEMS)o M T ofj e 2] HIEQS(E- 2174 )9
TEA 245 A 284 A AE Y B SAo{(MPC) 7|8E F2A 7He Akt LSTM 7|
B R 5E B8 Ve 8ot A4 B8-S S, o] 8 22 Ak R A Aue| e 2 283t
MILP 7|4k 26+A] 22315 4=3)ett}. 2|2 A2 Z¥f= MIMO MPC2| 22|35} B}l 0.2 A7 AA 5]
of, A-Alo] H A= FAR 2 712 A5 2L mhE Y] Vs 2R e 24t
A A A Bl AL, A olu A MgAdol 2 AU E &9 ol| A AlLE e b o &

o] e},

|

o

Key Words : 7| 54 €] of| ] X| 2] A| 2~ 8] (Community energy management system), LSTM(Long short-term memory),
S5 4418 Al W (Mixed integer linear programming), &2 of| 2 #| ] (Model predictive control), A E] 7|
Z-3(Sector coupling)

"Corresponding author, E-mail: guneui.lee@infotrol.co.kr
7|

§
B AT 20050 AL BAR AR 0] J 910 2 Gl u %) 7] S B 0] A 9S ot e A7 3R I T (3}
AW F : RS-2023-00236325).
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BIM A-9e] & 94 o2 U o|4ad ¢1d% 97

A Study on Power Generation Forecasting and Anomaly Detection
Algorithms for BTM Resources

HESH| Q% ZCHS*, Bichsi+ T
Hyeyeon Park* Daeho Kang*, Daehyun Park*'
“ellEto] E()

Abstract : BTM(Behind The Meter) 2919] e &2 18] - 910] 4] AJALE] o1 x|2] 2] 24 91 A
7} ghars] R 3 9k o] el HH £ ATE $1sIAE BIM A0 £ a3t mg4o] T
SejEjojof alu, o] 2 $1a) L slEl A190] wrder o2 Y|4 A LA B -L 913 ol AR 7%
o] WA ot} 2 Ao A= 7 F ] Uo] 4 BTM 219l oL %] 0] F& HAS 9Jah uhaek o= oba
253 Aln] B4 eith o AT AbaLe)FS AT BIM AL A7 2|8 glof-8 oo
2 Q3 9L n] ONN 7|5k W ek o 23} whdek 7]vhe] u] K| 5t o A & B4t o Abxle &

252 ATt
Key Words : %] 5 €] 9FZ(Roof top photovoltaic), 9| Z(Forecasting), ©] A2 T(Anomaly detection)
" Corresponding author, E-mail: daehyun.park@enlighten.kr
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CEMS-7

SAH Ay A28 oA 498 F4S 48
g Y93 9 392 333

Operational Optimization of Fifth-generation District Heating and
Cooling Systems with Thermal Energy Storage for Improved Energy
Sefl-sufficiency

ZRUB*F* O|A*, ABF*, M doig+!
Won—Jong Choi**™*, Wangje Lee*, Jonggyu Kim*

Jae—Weon Jeong™, Min—Hwi Kim*'
o 27| & AT AAYA 2R AT, FHgtoysta %38k

Abstract : €25 DS 984 e 7] m et thokat of U x| 2lo] B3kEl 2| eleke] o] ofui %] AlA
dlo] Tasith 71 %, Mokl AXEE AlYE AA 0] GeAe Hasksln B8 4 SwolA B
SASLoLE, 34THOF 4AT] A oluh A ARl o8] SO WEW Paot Le FROE AT A&l
2o WAS Atk ol elat @S ZBal] 915t tioko 2, AL gt chera Aol ) B3k, o

[e]
o BughE 755 sk SAIT) Al R (01‘57} 5GDHC) Al 2dlo] =l ‘2111}. shARE 7]E A
£ 5GDHC A|AH"] 9] 7|&% 7HsAY) 7| &2 3|
R EXE KX E R TR
A 2 Atol| A= SGDHC A| 280 A of v
A TS =E5che AS FRER AT ol 9
‘%Eé% Aﬂ%aoqﬂﬁmMOESJaﬁqmmmﬂMAEXu&a

o‘
>,
[>
i)
X (il
ll‘
e
jaad
rE o
gy
FE

e, to

£ ot

ox

>,

N

N

o

ol

Key Words : 5A4|tj] X< vl(Fifth-generation district heating and cooling), %%eF & U] E ¢ A (Bidirectional thermal
network), :"-?— (Thermal energy storage), o U] X| A9 E(Energy self-sufficiency)

T Corresponding author, E-mail: mhkim001@kier.re kr
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FAY A8 5 AvA A T3 AEF|A AHA

Design of an Optimal Multi-energy Supply Simulation for Residential
Buildings

HERZ*T o|ol* O|EfE*
Yongkuk Park*', Mingoo Lee* Taehoon Lee*
*oh AR 7] 4 AT

Abstact : 2 3ei2ol iz 74 bl S 83 o4 24T A28 £ 420 9 Agalolel s
ARkt 712 AZ o] oA A2Ee Hel Ul o B w7} EA e Ao] Ho] AR oy
A&7}l Zwo] A BA7E Ak web 2 o Oﬂﬁ% A7), @ S ALl 45 AE 5
ofui] AlAEIE T U] g HHshE H°P$ } 2SS Seslol ABold B A
WP 3ok X)) S|SB S B o) Baelin, BT el 6|2 el ha bola, ZA% A AU
Qolel Boole s o1 olch Tk oo A, o A ARAESS), 405 A, 44 ABA
2 AA% QiAste] 1] St o= B o] Was A7) o|UAE A7F AL A T 2

5101 o7 51 8- A AEk ALE Aol B Ao 5t 9 g Aok A S st
of 27| ulo] £ BerAo R PO rm Aaw Be U ofux vlE-S HA3} shelon], o
Bl 279 4B A% T oA L3 o] ek 2go] 7ol 2 8-S shelshaint

°¥

O

Key Words : 573 71E(Residential building), &3} of| ] X](Multi-energy), 3] E % 3 (Heat pump) X2 33 AlEd o] A
(Optimal supply simulation)

" Corresponding author, E-mail: ykpark@keti.re.kr

= 7
B ATl AR B AR KL(MOTIE) 9} 3htofl 1] 2] 7] 42 38 7} (KETEP) 9] 2] -2 wbol =883} 5t whA] o ch(THA|
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2% 48¢ 5 AZNUAAZE I35 g
AR A7hiH g vl B4

Experimental Field Studies on Energy Self-Consumption Ratio in
Zero Energy Buildings Certification Grade

'?:I—r—t.g* Hic] =** T

AL =k _$_
SoonBum Kwon*, DukJoon Park*'
*SrE AN EE YA F A TY A2 AL AN E]

Abstract : = F22 571 A o[ WA 9] A e AR, LAV HlE 0] 8 ddoR
A ZE T wEbA gaF ] BE GA4S HoiA e e e ZEA ] AU A] ] e A EEa
SP7F G2 o)t} A &Zof v X1 5= (Zero Energy Building, ZEB) QIS5A| = oW A] AFEolzt A&
ol A 27] SAFE ZEB/E S By o2 sHbst o, AR - ol g A A 9] TRk %
7¥ehe WA A E A= AA = &9 DAIA old A o] ikt axv] A o] SLA], = Al
&5/ LA ok @AIZE It ZEB Hg g of whE o H el S Y] A A
AouA E=Alo] & A= Al Ao FEL= 2-85HA] =5 e D87t v

& A= dH A A E S ZEB 5 A=t 7R AIE A ESEAL, ZEB7E = 7) ol A| Al
ol QPP o2 7ol = =S Sk 7] AR At wAlE HA O R jhry o] & {3 =ellA A
A AR AR A7 Ao SHEA ¢Fal AE HlollM AF s vERd oflu A A7kan]E
(Self-Consumption Ratio, SCR)= 3412}l Bk A £ 2 AA|starAl gt = & TAlA AlAE B
LA RS B850l AU A A E w31 28 Aol AAE A el Sl ik oUAE ZEA
O 2, BeElste] HIE YA A7tav]Eo] @4 = =S 2T S Ak oA AR E oY
A| Ap7pav]EE B asto] ZEBe A Wo] digt ELE W5l Jode TS 2 astsi A
& S 7|t TR2GHEAY AT FAF RN ZEB IS Ale dEEE wolaL A= 7
o gasd i Gl 71 A= Vi

o

D

Key Words : A| 20| X 4 <E(Zero Energy Building), o] X| X9 & (Energy Independence Ratio), of| | 2| A}7}4H]&
(Energy Self-Consumption Ratio), % 7} X] 3£ (Evaluation Metric), 2% TH7|(Operational Phase)

" Corresponding author, E-mail: djpark@kcl.re.kr
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A74 7]9 ALY A7|a A7 dvyS AL ¢ 57
L%

Development and Performance Analysis of an Electricity Cost
Reduction Algorithm for Buildings with Electric Vehicles

FARS* BRI H M R*T
Sagnhyeob Kwon*, Kyojin Jang*, Sungwoo Bae*'

“gerfshn

Abstract : 3 =B A A7) Tgale] Ao Aedade Artely] T AntE 4 9 VG
(Vehicle-to-Grid) Ao} 91258 /juka}a, o] 2 o) 7]310] 071902 A o] Fag BAsqr).
A7130] 70 9 WA S48 AUshA mARsE7] 18 2RC 7 uke] S718] % mEle 1859 o, ool
oY 53 A713] ME2E gt meel e Sasl gty wak HiE 2] o] 47|55 S4-& NMC 7
o1 4191 INRIS8650-25R S 7]5Ho 2 . weu]E| & Agalglon], mHle] o2 Qehwis 1% o] 2 o
A51oleh. A1 0] Abe) 48 A7k & $30517] $18), SOC 71hE B4 of et 194 0 2 s
= extended kalman filter(EKF) 7] #H0] SOC 374 ot i12] 22 A7) 50] v el 2] 2] A A8)S wAlal it
B oriEe uiE 2] o] HlAY SE54L whasle] 2 S0C T7tol A 2|2 e] mhetuE & K gt 2K
24 9212 HaslelEE TSI o2 B8] 24T SOC ghe AulE 27 9 V2G Ao] A=
o] oA Tl A B4 Qe Hr e S 198 BKF 7]4k SOC 24 otielE AF 9 AlE
o] -8 Eaf oF 2% o] U] 2] SOC 24 A2 AZalirk. w3, H7]7H2] SOC Rz o} 4 A|7HEA
& 7|0ko 2 S b0 ARl Ak Al S mARSo] Sl so] A o] Aute S 7S TAs AT
uhE AnbE FA 9 VG Alo] FielEo e A0S BRE shu, B ol A1t Fe o
g 4 (Peak Demand) S HI}4 0 2 74417 4 98-8 JZ590}

0

O

Key Words : 7A-&0]| 4 ] &2](Building Energy Management), 7|2} 22 (Electric Vehicl Modeling), A7] 2+
(electricity charge), Bl €] 2] 3+2] A| 2~ &l (Battery Management System)

" Corresponding author, E-mail: swbae@hanyang.ac.kr
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A GehEA 7% 4 L P 5 Aol BEo) B
a7

A Study on the Simultaneous Control of Shading and EHP Systems
Based on Indoor Thermal Comfort

O:

EAZ* 0|R0* oS AP
Sung—Jin Kwon*, Woo—Min Lee*, Dong—Seok Lee**'
At AEsta), A g oea A%gstat

Abstract : Wt 52 A k0] AR} o)X EGAL B Aol Bs}r] ls) Wik A4,
), A15% 5 Tl 4] Aol Sk, W AT S A 27185 22 Ao AL oo A
% 7o) £4o] ojoi e, Tefuh 2} Wy Aok BallEo} e Aok AlATe ol Ha] 425 Alojut
Theh 2715 Ao Aol ol sk 497} ETh o] & Q1) Al 9 WSk A Ke] 2 o] Z2H.
= ool ol el A9 A1 WA o] IR RHO2 8] gk e 0|24l A1

o BE AT Q87 WA Alof O A5k o A Alof ks FA] Aol E3
@ a3 oA A5 5410 A 4 Gle) B AL b, £, Ao AL AT <l Ao]
sl A1 434 YT WY, Aol £S5 Aol 2EE AT A% B0 3

ot 23 oA =lE AARE HlolEE 7|HEe 2 RCLE 7|0 7HIAIA & S8l B mAREE
d5stelon o] & A8 E(0T), o8> BHPMV) APg ol vkgatalnt. mae I4/d Aot &

7| Z5(T), Bt EARZE(MRT)E Alof 7|22 2|-g-5to] Wy, 27, Apef Al o] FA] Alo] &are]
T& T8I & Aol AlStsle T YA A LE S 715— Yo R Y Y, =1, A%
AadE A Al 2 Au DA oflvA] dea FAIE & ok FF dtelM e =¥
oA o] Alo] darelEe] B714 S HEstal olv Al e E4 T a0l

Key Words : 5A] A|©](Simultaneous control), &2 4J(Thermal comfort), H &A= (Mean radiant temperature),
H| | A] ¢ B-2}¢1 =(Venetian blind)

" Corresponding author, E-mail: dslee@kmu.ac.kr
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&4 7239 b BE FENAY $I 45 P
B A7

Improved Heat Dissipation Performance of a Heatsink Employing an
Annular Structure

250 QMR
Hyeon—Min Kang*, Se—dJin Yook*"
gyl 7 A B

Abstract : 12471719 W13k S 212 Aul7k G245 27l utel, 1 AAH O A7 Syste} 2
7 AL AZeA 3 gl ol elst BAIS Shetsly] 9js) A Bg ol At AR 214
§1.0.0, o] ufel WAYSHE A EA 02 Ao 4 9 Wt 7|6 B o] e A4 1 ek
8] 7171014 HAISHE G A Aste] 28 99l F St o WEshy] 913 thEH B
S|EAE7} de) Ssich LED 293 02 §-8 Hopol At e %0 B okt A= Wb
gt A e Bk ek A olof AT AL 71 S EA Y] 2iEke §Y TEES
7¥oto] & AT AR B Y-S FAAD 4 U YebS Ageh

N b R orlo

Key Words : 3] EA] 3 (Heat sink), Z]4]“d #|(Design optimization), 2% 7-Z% (Annular structure)
" Corresponding author, E-mail: ysjnuri@hanyang.ac.kr
5 7|

This work was supported by the Korea Institute of Energy Technology Evaluation and Planning (KETEP) and the Ministry
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A29AY fITENLABIPVD)Y A53 S4F H

Experimental Investigation of Building-integrated Photovoltaic and
Thermal Systems

FLIC
Min—Hwi Kim*
#51aLol| L] 2] 7] A T2 A RNAR A] A & LA

Abstract 1 2|t A& 2] 7| SKElectrification) @} A|AY U 2] A @E7F 71l whel, A= 9]
E oyx] AYAF QAR ZE5t= AEUAE e oFdEA| A8l (Building-Integrated Photovoltaic-Thermal
System, BIPVT)2] 52 /J0] =oFA| 3L Qlth 2 Aol A= s ol v A2 7] d A& FAlo 8517
915 BIPVT Al 2518 st w5 w9]0) 4ol A, AT 54, Wage 72, 47 Yt 5o
et AE A H7HE kit o] & vt o R AA HEol A8 7Hed Al A" AA 9 Alo] At
& F28}0], o] 7] 61T 0] KePSH2 AZ 7 Zofl H-slolc. A% A3, At M o
oA ARG, Al 28" B8, A7FeRlE 5 T8 ASARE B4 e, A& ot 541 AA
AAXTE Alole] faAS HASsHATE T S Ao 2=, BIPVT AAHS SAIH) U E S (5th
Generation Thermal Network)2} £3161= ®-9F2 A3t}

Key Words : 5% A & (Building-integrated), Bl %3 (Photovoltaic/thermal), A5 2|7} A (Building facade), of| U] X| &
£ (Building efficiency), 54|t & 4] & ¢] A (Fifth generation thermal network)

" Corresponding author, E-mail: mhkim001@kier.re.kr
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Analysis on the Influence on Building Energy Performance according
to PV panel Installation Conditions

HOILM*, ZXIOF, MXIG* O|FF*, dtys*
In-Seo Jeong®*, Ji-A Kim*, Ji—Yeong Seo*, Doo—Young Lee*, Sang—Hoon Park*"

RELLE RN

Abstract : A 2L A A% E Q1% o5 to] whe} oA AARE STHE 9I3E SAF LA 29 o]
M7} B3 ik, BRI AS SAbe] AT A5, ' shie] &9 AAte] Wby
stoll G w1k AR 71E BPHLAA 2R A F2 Aot HEH of glo, sy
MPHA 2R 0] AR A o] W ShE o] Wik Hatel WXk Qe EAE Bash gk ofof &
AT QA 2R WG ARG AR B AA A5 o] %] o] mHE S Sojo] Wik
Shell m) x4 o W AR VA A5 A B oMo BASGTE AT ATk W Bk wd 58
S AR50k whH|e] PAS RGOk, Y HEHs 5o n]ak AT S Hol X ekleh. E3 Sk it
i SatolA] g Rake] | Fo] Auj o] B, X 2| w2 Wi $5HE B Ak, HAkzte] A
ol ket grastelr oha) F7bshe HIAR A e Haon], Folo] A9 WhasE A7hu ek,
o 5} A7 kel mHE A o U K] Al BAIRE Ak, A8 o U X A iriake] S8 9
& T EH W 55t A 7ko] wheb A WEE 4= Qlek. o) High W 5 A g Ak S ok
AA 28 AR A S FRE 5 @ Ao R WA et o}l g A AR UAAZE B D
Aol glof TIHA 9l AA ko] B 4= 918-E A Apaleh

Key Words : 24} €| oF334H4 A] A8l (Rooftop Photovoltaic System), A& of| 4] X| A5 (Building Energy Performance),
Wyr; 25K Cooling Load), 2% (Shading), 4 %] 27 (Installation Conditions)

" Corresponding author, E-mail: shp@inu.ac.kr
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Performance Assessment of a Dust Collector as a Pre-filter
Replacement

SAZF ORRE, SAR
Seok—Ju Hwang*, Su—Chang Mah*, Se—Jin Yook*'
“ghepelshaL 71 A g e

Abstract : T3 A2] §7] 28 A 2R A 24 BE S BE5H AX 2 Bel A A7To] Auke
of ufe el &4o] A ato] A2E BES AT BAIE AUtk 53] AF B Ao BEO
2 e 2 A717 A G B, oH A 257 7R BAL A Aol A ol9f 22 7]
& an Be| o IAS IR, G4 R4 BT LS FAA AR WA FHE A
SHick A Bgel A e £U.S A2okshaA F7 B8 Te) BESL FEIU FEOR GA5H= A
2 B gAo] F2H BAS NAksholck AE 0 A 8] A 5L AEa] 9] 71
2] Belolel A vla 1B Astack U7 A3k UE 4P Sy Y AR el &
2 WolwA = gtel
S

F

>4
_124, jg
off

A A a8 SHolA 1 o] EIEIT &, 7]E TH e dieRt AX &a

EAS A 3] W0l 37|23 A LH 9 o | A B8 A FAHS Blg Aol A Ao g 7o
Key Words : 57| 23}7]|(Air Handling Unit), 3£ 2] & €] (Pre-filter), £] 4 $HOptimization)

" Corresponding author, E-mail: ysjnuri@hanyang.ac.kr
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1A RAES &43 AF o5 AR W A

A Method for Estimating Linear Thermal Transmittance Using a
Attached Solid Material

* * A T|S¥* o =kkk T
AR, 2FE, EXET, 8&

Minsung Kim*, Kyungmin Cho*, Jinyeok Son*, Woongjune Chung*'
¥ et An) - Ankgetat FErPd g st djshl Au) - Argstal FEErL g st 7] Al g ek

SHatolo| 19 58] 4949 20| Sl 16l A8 R A4 S F715] A1
sloh £719) 5 AL Lol 9k A i AT ASE ] el da 29lel A o
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Key Words : A& @358 (Linear Thermal Transmittance), €3 (Thermal Bridge), THERM, ILA| H-2-=(Attached
Soild Material)
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Thermally Driven Adsorption Cycles for Renewable-based
Air-conditioning

Atsushi Akisawa*

*Institute of Engineering, Tokyo University of Agriculture and Technology

Abstract : Air-conditioning need is increasing especially in urban areas. It is important to satisfy the cooling
requirement under the restriction of carbon emissions. Adsorption refrigeration is a technology which produces
cooling from low grade heat sources with the temperature of 60-70 degC. It works to utilize discharged heat
from co-generation, wasted heat from industrial processes or solar thermal energy. The author joined the
development of multi-stage adsorption refrigeration cycles working at the temperature as low as 50-60 degC,
which can be easily attained by flat plate solar collectors. The study also investigates the performance of double
effect scheme where the adsorption heat is recovered internally and utilized for desorption process. The
experimental results reveal that the double effect scheme successfully works, which suggests the COP
enhancement is possible with this scheme. Adsorption refrigeration technology is expected to contribute to
future air-conditioning based on renewable energy.

Key Words : Thermally driven heat pump, Adsorption refrigeration cycles, Low grade heat source, Renewable energy,
Air-conditioning
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A Method for Bulk Energy Efficiency Assessment of Existing
Building Stock Based on Change Point Model

%O * SLAI* * =%
XIS, Mad* et =85

Changyoon Ji*T, Hwaseok Shin*, Young Ran Yoon*, Z=AE*
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RREALY S AEA
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Key Words : 7| 7AZ=E(Existing building), ]| ] &-&(Energy efficiency), “L & 2] 222 2] (Green remodeling), &| 213
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SZ Q1 E X dl(Change point model)
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Developing an Energy Consumption-Based Performance Evaluation
Framework for Public Building Green Remodeling

OO:IEl-*T RIEE* Algpad*

I_OI_

Young Ran Yoon*', Changyoon Ji*, Hwaseok Shin*

PR ALY
Abstract : 202641 2] 22 A% Tele|wely o s} Alw Ago] o g H ol e, Al A4S &
o)7] $18AI L A Aol 3 AkaR) 43kt A vhgle] B ashch 53] 710) A7 v A Ealo]4
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Key Words : 713 2] %22 (Green remodeling), AE o\ A] A-2F(Building energy consumption), A58 7} A A

(Performance evaluation framework),
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Optimal Operation of EHP for Reducing Energy Consumption in
Recirculating Aquaculture Systems

SXS* ZLNG*, TR ZESH DM

- OoO1=
Jangho Hong* Naekyung Kim*, Jabin Goo*, Younghoon Kwak**, Sunhye Mun**'

LAY AHFe, QLA RS A
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Key Words : =310} 7}4] 9FA1%-(Recirculating Aquaculture Systems), A& A% Al &3 ©]4(Building performance
simulation), %7|3]E%H 3 (Electric Heat Pumps), %4 A|o{(Optimal control), o] AM8-F(Energy
consumption)
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Development of an Optimal ON/OFF Control Algorithm for Efficient
Radiant Floor Heating Operation

EZel* AN SIARM 0| 8F BRI
Kwangwon Choi*, Jaewan Joe*', Sangwoo Ha**, Dongyun Lee**, Jungsoo Mun**

“QIatrataL AutEA g Bt} HHEE A4 71SATY

Abstract : 2 G110 A = 7] 8- vpehE Atk (Radiant Floor Heating, RFH) A| 281 9] -84 2718 ]3]
el 7]k of| = A o] (Model-based Predictive Control, MPC)2] 9% /d-5-& At = A4t FgS &2

773 377 719 214 ONIOFF Alo] 2312 %-& AISF5HiTh. o] 2 13 24R-8C 7-29] grey-box & 2
2 25t chabet A6 HET ALE 74 20 o8 MPC A B0l 42 stanh. o) % 44
= 2] Aof H] o]l S 21341 (Artificial Neural Network, ANN)© 2 8155}0], 41 4|7+ 2 2/3 214 9]
o] = ol 23 Aoi7t 7Hst A S THS A A B0l H 2, AL L3 elE-E 7]E ONIOFF Ao}
o] Wi o A2 HTh 17.9% sk, £ HAE 99 A7 0% o)A Tl Ao, Ao] A
QA o 80K 450 2 Uk} A4S UFFHTh £ AT e Qlato] of el AT A
= 2§ 7Ps3 A% viEhehy Alo] 7142 A, %5 AntES W o ux] H2sh Kopzel s b5
2 AA gt

Key Words : 2.2 7]4} of| = A o](Model-based predictive control, HFE-E-AAH} A 2 E](Radiant floor heating system),
718 AE(Residential building), 7+2] 7|5t 2] & A ©](Rule-based optimal control)

" Corresponding author, E-mail: Jjjoe@inha.ac.kr
7

This research was supported by Basic Science Research Program through the National Research Foundation of Korea (NRF)
funded by the Ministry of Education (No. RS-2025-25409762).

0

.64



2025 KSES Annual Autumn Conference

o=
=
[>
i,
i
4
o
=
o

}o& 3 ESS-PV:EV 94
g 35t AR AojHe dF

A Study on Integrated ESS-PV-EV Control Strategies for Peak Load
Reduction in Campus Building Groups

MEE* BMR* O|K|A* Zxpet’
Jeonghun Seo*, Sunyu Moon*, Jiseok Lee*, Jaewan Joe*'
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Key Words : .32 7|4} of| & A o}(Model-based Predictive Control, MPC) L& ©]g}A(Grey-box), oL X A AFA| A~ H]
(Energy Storage System, ESS), €] 95334 A] A Hl(Photovoltaic System, PV), 7] 252} (Electric Vehicle,
EV)
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Comparative Study of Building Energy Consumption and Major
Parameters in Temperate and Polar Climates

o|QEI* Xo|&E* O|RZI* AlCh*!
Yubin Lee*, Mijeong Choi*, Yujin Lee* Daeuk Shin*'
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Key Words : A& o4 %] A& o] A (Building energy simulation), =+ X%} (Polar region), EnergyPlus, 717 %= £4] 1k

] (Sensitivity analysis methods)
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A Study on the Test Methods for Condensation and Watertightness of
Modular Buildings
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Analysis of the Application Effectiveness of a PEMFC Prediction
Model for Zero Energy Buildings

ZHS, mHE UXIAT, 2os*

o —
Younghoon Kwak*, Suhyun Cho**, Jiwon Kim**, Sunhye Mun*'
A A H St ST, A A St 535k

Abstract : 314 ARE thAIS 4= 3= AAA oL AH 7Ha3E QAU A Al 2719 A d A 7H

Z 83 A Fof 5 shubolth. o= o] 3k A o R F O}Uri T a7 oU A 7= T
Zo] w2 7 o] F0] 2| 11 glrt. = A A (Fuel Cell, FC)= o] 23t 7|4 & th 2] 2l Alg o] n], thoFst S8
Hotol| Asksl old] Felo dmgAR 7} AjurE]a glok 1%01]/\15 Bz} AsfAat o &2 2| (Proton
Exchange Membrane Fuel Cell, PEMFC)= =2 28 U o e 0 Q%5 §8 5 o8 AHES A
. 53], vl 4] @2 2 22 Qe 719 sHA A= 7| A1 A S 4= e A g S 7HR] AL
o, ot ASEol A&shr|o] A3t 7les Frhta ok 28y 24 A5E9 ofld A A
Y A3 9ol PEMFCE AA| = A-8-51aL, 7L A5 A4 o2 JA3E = of2] &35 A Aol
ehE, AR A 9] B9 83} o] Foll= A dlSoll Azt AlE Setn|EE A ® RUE P51
Ol The F717} Atk o]o] B Ao M 71E ATe] ATE suke 2, vheshE YL Beatol
583518 (Part Load Ratio)o]] -2 PEMFC®] o U] 2] AL Al 0 AR 2] 2k2 o 23 4= gl melS
gstolet.

E, B AT AL M2 AR AR AP BHE 47 PEMFC/ A 274 A%20]4 &
o ElolE| sisle. oI vheto w1 €3 30) A1ef oL oLl A S8R0, 94
NI PEMEC o3 el 5 §5to] 1 418 fats 2454

Key Words : A| 2 0f| | X AZE(Zero energy buildings), 1172} A 3)d &7 X (Polymer electrolyte membrane fuel
cell), of|= X 2 (Prediction model), 35 F-5}-8-(Part load ratio), 21-& & I} (Application effectiveness)
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AN AR YUY S|EFHE i QA 2EASD
AlZ 9 DeseignBuilder CFD A%

Temperature Stratification Measurement of Ceiling-Mounted Heat
Pump Heating Operation in Lecture Rooms and DesignBuilder CFD
Verification

2%, K| ¥, URHEH T
YeoEun Jang*, Ji-Won Bae*, JaeHanLim*"
*o]glo Ao sta A EA|A| AE RS T}

Abstract : Ceiling-mounted cassette-type electric heat pumps (EHPs) have gained widespread use due to their
unobtrusive installation and flexible air distribution characteristics. However, during heating operation,
buoyancy effects often cause the supply air to remain confined to the upper zone, resulting in pronounced
vertical temperature stratification. Consequently, the occupied zone tends to be underheated, leading to
cold-foot discomfort and thermostat offset. This study investigates the characteristics of thermal stratification in
a campus office room equipped with ceiling-mounted EHP units operating under steady-state heating
conditions. Field measurements were conducted using a dense sensor array positioned at five vertical levels (0.1
—2.0 m above the floor) to capture vertical profiles of air temperature, relative humidity, and air velocity. The
measured data were analyzed to evaluate vertical and horizontal non-uniformities in the indoor thermal
environment. A three-dimensional computational fluid dynamics (CFD) model was developed using
DesignBuilder and validated against the experimental data, showing satisfactory agreement in reproducing the
observed thermal distributions. The results confirm that appropriate design and control strategies for indoor unit
configurations can effectively mitigate thermal stratification, thereby enhancing heating performance and
occupant comfort.

Key Words : 3] E 3 Z(Ceiling-mounted heat pump), &% 4l Z(Field measurement), 75 (Verification), T]A}Q1¥H
CFD(DesignBuilder CFD), 2= 4} %3 Temperature stratification)
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Development Personalized Seat Reservation System based on Thermal
Characteristic

O|3i4* ZX|G* AT
Hyeonsu Lee*, Jiyoung Kim*, Hyunwoo Lim**'

sAssta A% Ojs AEsR PAsE AFet A%

Abstract 1 E7] T 5-50] 24] 4] A|AF 4] 7 £ATA 0| Kol B uhedalA] Fa) Aele) A 3
A4S ek 2ok A7E 9lek. o2 AAIel] 918l RSl A 324 2T PMY (Predicted
Mean Vote)7} &85 11 3] 0 U, 7] PMVE tARE X Q] MET (Metabolic Rate)E E53}6}o] A&
o Q1 AH B4 Ao] S FE3) yhedsiA] Zalrh olo] £ 1z el METE A4 3ke] PMV
£ RISt o] & 7|Rte 2 wrEy A AW A AR AjFsHh AlARE AR I BT
2 Fasjsla, AT ASA QElFo|AS Bal A4 AHo] B A= AL BET T
ot 7HQ13HE MET= 7], 55741, A, Lol & MR ok AlLHE S8 AP = 9low, PMV ¢ 24
T AF2E o g G e A AlA AR 9] 84 A oS arefste] MLP (Multi-Layer Perception) 7]
HE 7 AIA 2 A sko] ARE-5FITE. 7H Al A= CV(RMSE) 10% oW 9] @ Aa = =2 412 4dS Shi
SI9LIL, 7 RAE, ouer, W B AL EE AR 34 dlo|e S B8tk o] % Fasl 24 Afels
= PMVE AFE3kinh 2o] Ay Avf, PMVE 1 &5A] 92 712 4] vl g o] EntEr = 2|t 78%¢]
3o, NQ1SHE PMVE 283 H-9- 11%= 7H4xsho, oF 67%2] 74l 535 H int. E3, 22 244
2 ANZEO 2 ANSHE AHGAL Q| o] 28 TeIste] A28 W AT BHEAS itk £ e o)
A g3 EAS v A wix] A A AE 7HeAdS dEsten, 3 Ay @ Aol W
HVAC £:99] 2|28}, Uol7} AL84} 54 Abe 87 Alo] A8 e} 7] 2 A2 282 4= 98
ZAo= 7|t

Key Words : T A-8-(Metabolic Rate), & %7} %] 4] (Thermal Comfort), |4} B+ & H 7 (Predicted Mean Vote), 74l
A](Virtual Sensor), 7}| 91 9+Z3 2}4](Personalized Seat Reservation)

T Corresponding author, E-mail: hyunwoolim@konkuk.ac.kr
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299 SEQE A% oA Ad TE YT P
22 858 A2d

Water-Source Heat Pump System for Data Center Waste Heat
Recovery and Discharge Temperature Restoration

= o * X = * SjoxkT
elX|S*, da&", zoHE", Y2

Jiung Han*, Dongjun Kim*, Dajeong Choi*, Hyunwoo Lim**"

wARal A% TSt A%, FraRTela A% st A%

Abstract : 913753} Seh9 = AFH O] Lo Ho|el el AvjAele] 84 Qlet sl
QLek. ol el el o] FA g Z7tol whek Wzt wgel A wAySHe S Ao Tg-2 AR BT HHAGE 9]
3 ST R W o =3 glek. 53], 49 5| EHZ(WSHP)= 37] 49 5| S8 Z(ASHP)o] u]3) 915
A AU LS §H T 5 Qlo] HabAel iRt 7|4 FEWL YTk A 71 E ATEL T
SN o & AT Aol 2YL BRS B dlolEAE HA S B v WA L= 5T
2] of o] t) e G E e vl et Algolth. o]o] £ AT e AU0R FE3to] Plo]EHlE o] 3]
FE 3] Aol §5Hs B3 A2HS ARkSha, RS L& ke 4517 S 14}
0% 918) T QL 28T WSHP A 2513} ik 5 9S o] 87 Al2510) F ol x] Al vl
ou], o7} 5% 7]4E WSHPE: 71212 2 x| o chy A] 2+g)} u] i afo] o] et w2
} 572 B715}gic TRNSYS Al Bao] 4 Bl 7|2 S| EBE AU e} 9 42 7152 A
1517 gpof, o] 2 Mek A2 e AEUES Asto] A gateich 1A Aah WRAHo| 42 Wak 4
o 0,051 °C, B 0.013 °C= v.$- m] ] 5ho] 5-3k7of 1] 1) = o] A&-& SHelstgict. wah B DL of
88 75 1% WSHP o] 126 %9] oV A2 Aekshelar, 7ham el 9 Aol ohu] 242 72.3 %t
63.2%0] olAkSheka s W A7} SkE Uhehich ATbA 0.2, B Q1 W o 28 WSHP A 25 o] of
UR|o} Bk A7 IS AT B0l Aok 719 Ao 2 B A4S Ul RER 3)2AA 43
74 dge Axoke 4 982 Aot

i)

o
f T o oX

o
R

—_

oy Rl R

(o
e
X HT

Key Words : t]o]E]AlE| #|<¥(Data center waste heat), | & z©]-8(Waste heat recovery), $~E ¢ 3] E L 3L (Water
souce heat pump), F%(Domestic hot water), <=2 $]2(Hydro temperature recovery)

" Corresponding author, E-mail: hyunwoolim@konkuk.ac.kr
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BEE-O-4

AW 5% A BE v & Hs9 4 A9
Bt B 4

A Study on the Experimental Evaluation of Energy Efficiency
Performance according to the Installation of Indoor Entrance Doors

ZEE* 0lE", 2EfZ

T o,
Younghoon Cho*, Seungjun Lee*, Taegyun Yun*'
A=A AR A A AT

Abstract : AU} FHE-E Dok 37k Ee] D QlE|Elo] 945 ol A B AUE Fd e 278 A
o2 ofl 2] E4E AL AU U A] BE&S P R FEI Qloh 2 Ay A

Y S8 gate® oA B8 A% B7 S FAA e AAIs] S, FEe) A o5 9 A
ex 2AS RejF 2ol WS WA B HA7I(AY 250 ©, A4 100 ©)2} s1E7](A)
200 C, 41 30.0 ©) A0 A sl G4 e =T 9087re] Hlo|E1 S FHEalo] Alx] of o]

e E’HO}@‘E} 1A, &7 2ACEY 71E 25 C)olM T2 AT A AUl e

5302 FAHg o, BRS04 U2 Taatgln o] 2 22 ONWIETE
50 A0 S5 218 OB o], B8 A A 266 0 Ao, 5 S 5] A5 ool i 2

Ao 5571 o 21 %0 5871 o 2392 e ol 2o A1) 3-o] S Aololet ol
RES AMT 5 e PHOE UFHol, FF A SR that B2 ol A A g B A
2 dolelulols 9] 7| 2R R B 4 e A0 R Bk

Key Words : AU} =& (Indoor entrance door), o &| H-&(Energy efficiency), €& (Heat transfer), d5%H7}
(Performance evaluation), &2] %] A] 3] (Physical test)

" Corresponding author, E-mail: tg81@kcl.re.kr
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| BEE1
Az 34 3% ANZ 4 HA 1 984 A A2

Vision-Aided Sensing Technologies Towards Human-Centric
Daylighting in Buildings

AT
A4

Michael Kim*'
Foghsha gaiejst A%ake

Abstract : This lecture explores human-centric daylighting controls, addressing the critical challenge of
maintaining visual comfort while maximizing the benefits of natural light in buildings. It proposes a shift from
traditional illuminance-based sensors to a more sophisticated vision-based approach that better aligns with
human perception. The presentation introduces the use of High Dynamic Range (HDR) imaging as a tool to
capture detailed luminance maps, which serve as the foundation for evaluating the visual environment. Key
topics include the application of this data for advanced glare assessment and the development of a non-intrusive
monitoring system capable of estimating an occupant's visual experience from a remote viewpoint. Ultimately,
this research provides a framework for creating intelligent and responsive lighting environments that prioritize
the comfort of building occupants.

Key Words : A} 2|34 (Daylighting), HDRI(High Dynamic Range Imaging). 5333 3] (daylight glare), €8] A
(Computer vision)

" Corresponding author, E-mail: myk127@cau.ac.kr
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D
HAd $A 7% A28y 515 2ay

Challenges of Digital Evidence-based Commissioning for Building
Enclousure

o|=of*t
USH

Jongyeon Lim*'
U A% =R B

Abstract : A& 21 71| J(Building Enclosure Commissioning, BECx)-2 A&, A A, 4 @A A=
sl o) WA 2 QR Elof louk, Al BAlo| A Az M e wo] EAak) ) A1F T
of 3 wel HE AR AR 7]ube] 714 E4 Blol] A, A7) A5 AR A kel A% ARE
S AT AR TRA SR oelx) Rtk v} Fre] ZalH 4% Algo] thetol
A5 0 6 83 34 %) Bl AR Eelo] 7] Ot 2 8 ol g B S o].97] 919 o
Z AA Q] 't R E £7 7)HF A 1] A (Digital Evidence-based Commissioning, DECx)' 33| 4 & 3E A|
RFgHe). DE-Cx®] A4 18 THgoll A Bhel AR AL, 4lo] el BA, Hloje] 215 A% /s
e 2718 AAH 02 AL E ek BAolt). o] FBEL Bt BAS Wol, 4% Zwle)
e RSl A% 298 WAIshE A4 7bs e U AY AR 75T 4 glrk. A e o
b oolRolAn Qe fARHAlN  ASEE dlolHel slwt 7 ul My (Momioring-based
Commissioning, MBCx)0] 517} WhAlgh 5] €18 2h= AL o8 w49l A7} wre), 57 A 714
A% 5208 BASH o4 oIS R HEOTH: 1ol 710l o] 2] e obic g
= Qleh A3 A Aol Aafol| whet A4 E Ak st = AFALHA Al Fd ol ek Adttel =
OMA| 1L FFE T E FET = Ut AEF oi DE-Cx= A9l R oFAQl Zel 4 H|AEE 2|43} A
T A Z ZRAZAL SR, A Qv HE A0 2 23] oo X =B HAS= A8 0]
¢rol & 4= Qlrt. o] & Foll Feho| ZAtolE WY Ay A B o TrdE Sl AEY A7 A s

Sejapes o 71013 4= e

mmJ
>.
o

P

Key Words : 75231 A %5(Building enclosure performance), ¥ g # 1] A 4 (Building commissioning), T+ < (Insulation),
7] (Air tightness)

" Corresponding author, E-mail: jongyeon.lim@kangwon.ac.kr
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BUEY dojd 3 A% 93] 944 54 24 U g
A% At

ot

Evaluation of Building Enclosure Insulation Performance using Heat
Loss Signature Derived from Monitoring Data

ALK =ofkx T
7:!@‘!‘ , ?:!oﬁ

Sungsu Kim*, Jongyeon Lim**'
PR EE R REEECE S P B P T

Abstract : FA| 5 A5E oUA] 5 B7He T2 A dAofl FEE o] Qlo] AAl &%
W AA s Aol o] s ARt HP/\HO]"CT:X'"ﬂ‘ Utk s 7:’74 g A8l = 5 A A
8] Atsl= A o] Fa8AHE, 7129 oY A] Al 21U A 42 =9 X*‘*ﬂ 1o 2] 4xv] &
= B Oy 71U TS Bee] EshA] Eot= AT %‘3} % A= 71 Ay A] ALY
& neshig dge) 7] oA A8 dolel g BEstol dgel dA olv Y58
A=A A 1Y #|(Heat Loss Signature) =43} 7| W A5 SA4S 59l 33 &
}h WS AlQsRel o, 719 o J & A|ZLY A w4 2ko] At fo] &
AA ‘:}%ﬂ A= 3] thrst=A]of thek =712 Q1 A5l '”RO}X]”} 7] °ﬂL1
P ko] Au} 2o = A At Aol thgk vk B ek AlAksk, g

Awgiﬂﬁgagaag%aag_gﬂcﬁ%wﬂ@ﬁg¢aw%%%
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Key Words : of| U x| A]ZLU] & (Energy signature), €A1 A| 14 *](Heat loss signature), 7] 2 AJ%(Building infiltration
performance), T & 4 5(Building enclosure insulation performance)
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BEE-O-6

G A e ¢AEES o8 HE ouA =Y
A=A A+

A Study on Building Energy Model Predictive Control Using the
Quantum Approximate Optimization Algorithm

M7 AZT* SRHE*, FERIF AS* ol
ByungKi Jeon*", JongKyu Kim*, JaeHyeok Heo*, Hongdin Joo*, DeukWon Kim*,

WangJe Lee*
*ghato U A 7] ALY AR A 2] ATLA]

Abstract : 71& o J 2] Aoj= oS Kot} 97| 2ol whel u]e] 4 AHE H K o2 2| of 5f
= 1xY 9 HA S EA 2, Y of| = & o](Model Predictive Control, MPC)7} fxA o ey Qich
2 Alof tiido] EREA| L of| & 1to] oA =E ALlEFo] 43| FUtsle, 7]Ee AHES
(MJLP)EL FEAE(PSO) 7]9E -2 A A7 8- gHA 7} 9lct.

B ol ojejgh AN BAE RAIS asleb] gt tjeto.s ofah A} 213k o2 E(Quantum
Approximate Optlmlzanon Algorithm, QAOA) & A-8&35}%th QAOAE A} = (superposition) I} 7+
(inerference) £ 2.3 Wl gt 28 B7HS WX 0.2 Falst 4 9o, Alo] wiso] 47} Fr}sleiehe

]/l]- OFA AL @ 2|8} 2= 9jthi= A o] 9)r),

Aol A= Q7] 243 ol oS AR E v o2 YA o= ?L{P QF & ollv A &B|E 2|4-3)8}

A A 1A A Aot Al TS B MIC £ Joisa, oS MLE 50
QAOA A 7H2] Wh4] © 2 3 ko] At B4} & Hmwu}
QAOAE= Alo] ]2 o|Ad HER H3lsho] QUBO(Quadratlc Unconstrained Binary Optimization) 3 €}
2 A ToR M, T B7r0] SAEIE AR E B Y B4S Bolth 2 A ok 7]
A7 A& YA Aloj o] M2 A4F s thelo] E 4= 53 AAISH, 3k tif i Al A" Ao
BRI LD R R ERAVE )

Key Words : 519 o % 4]0l (MPC), 9F2} T4} 2 2|3} ©F312] Z(QAOA), E5144 418 A|ZI(MILP), 9J4-%) 2|2/ 2}
(PSO), A=<l A A| ] (Building Energy Control)

" Corresponding author, E-mail: bgjeon@kier.re.kr
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= - Uo] QYA &7 BE 5T 74 vz2ys
2Y 24
PV Business Models: An Analysis Across Domestic and International
Electricity Market Contexts

HICHSI* T Z|AAP BES)|OT*
Daehyun Park*", Sungsan Choi*, Hyeyeon Park*
*olato] ()

Abstract : 2 17 AA] v]5 Ae] Zjo} Wl B 5 SlelolA] S E B AU FHOE 1A
oA BB AH| AR AT AL BES 2AL D BT PR, TR B, S ae
A 2 2 BUANEMEO 5 A3 20l 234 B of AL} TSI A S8 e 2
2 ek BEA el oA S Fho R u Ay 2 o A S vk, okl Se) wujA
2} A T 2| Hedsl ahe] male] Sl A9 Al AT A8 A AL A B
o,

Key Words : Bl %F33(Photovoltaic), oJ| ] ] A A%}-2]| (Energy Storage System), =74 4~ (Virtual Power Plant), &=} 21
2 A| ZH(Wholesale Electricity Market), 4~1l] & +(Tariff)

" Corresponding author, E-mail: daehyun.park@enlighten kr
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PVE-O-1

MAPbBr; =¢9& E3t (FAPbL;) 7]8F A4
HEHAT|E FALAY B&

Efficiency Enhancement of Indoor Perovskite Photovoltaic Devices
through MAPbBr; Incorporation

7|EI|I‘|*'*** O E&] O %%k kokk T
[ o » ood

ok kokok T

Mijoung Kim**** JungYup Yang
At et Sl etat, A S oA Feta, R Ak stal 7] 2 akeld A

Abstract : 77| Slo|HYE HR HAVPO|EE w2 FFpA S, 0t At % ST =24 75
3 WEOR Q18] ApAch Al 2(indoor photovoltaics) AAHE FEW Qlek. B AoA L
MAPbBr; 9] E-1](x=0-30 mol%)Z % A3} (FAPbL;)(MAPbBIs), ¥ 2 B A7}o] E BhakS. | 24s}0], [-sun
9 A2 (LED, 1000 lux) 27104 0] 333 A5 AA A 2 8]i-2A4 53 th MAPbBr; =912 24
FHS A7 BAMY A TS JAIsHe] Aot F S4S ANAsHR e, 53] 5 mol% 227d of| A
7 -3t 4 5& Hof, LED(6500 K, 1000 lux) Z71o]| 4] & 128 -&(PCE) ¢F 33%E @5t &
3+ DLCP(Drive-Level Capacitance Profiling) 2412 £3f A5} E3Y U w 7140} 7fg]o] 4= AL Fel
SHATH & A= MAPbBr; 24 Aol & &3 24 #4 W At % 54 7Alo] Ad =04 &8
ol 528k oS ki1 98-S AAIBh, AR LoT Tubol g A shl s A4 A
of F-8&3t A A ks At

Key Words : 3| 22 H A7}0| E €] 9FA X](Perovskite Solar Cell), 24 A|](Compositional Engineering), FAPbl;-MAPbBr3,
#] 2 = (Indoor Light), A1 t}33 24 (Indoor Photovoltaics)

T Corresponding author, E-mail: jungyup.yang@kunsan.ac.kr
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[EC TC82 WG2 HJoF3us 2AEZ 5§ 24

IEC TC82 WG2 PV Module Global Standard Trends Analysis

RO, FETP, Hadt, 2EUT
Mu—Yi Jeon™", Chang—Ki JU*, Soo—Hyun Hwang*, Jong—Fil Moon™*
7| A A7) ARG AT, e g st K]St

Abstract : 2 1= gjokg Al 9 R 59 24| BES Ygdl= [EC TC 82 WG2(International Electro-
technical Commission Technical Committees 82 Working Group 2)9] &3} 58F2 2 X5t} okl 7| &
2 o] A A sl gho, 2 2 A A SR Al A=l B = ol e Al of] o
3 4271 7145 3hE 1 9k o)t Bl 7140 U S22 F26] $7H71i €90] H1 9k o) 2
QN3f) thefgt Al7]mEo] AFdAlofl 2obA S0l eat glow, oo whe} A 3EE E3F Al A 7]
ERE NAS B W w2 WR7h5 ik FA| B2 2 2 Age] Bolx Edl=oln, o) 3}
ofe}i Healis Ae 22 AL Sraly] 915 o] o Wpolch. B o] BHL FA| 1

- -
2 59 B L AR Bl ) A 7148 st o ot 2R Aol A9 AlE 4L 3

rl

Key Words : IEC TC(International Electrotechnical Commission Technical Committees), KSQ135(Korea Standard), 53}
SH(Harmonization), ] %33 X5 (Photovoltaic Module), TS(Technical Specification)

" Corresponding author, E-mail: jeonmy55@ktc.re.kr
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PVE-O-3

gk 7|dke] E3MabA A (VPP) AHYE 93 Big Data
A28 9 td 0&M AH|A

Big Data System and Digital O&M Service for PV-based VPP
Business

E| R
Jaehyung Choi* "
el

Abstract : 2025\ S A thghl=ro] e g ' A v]§aF2 9F 27.89GWo| o] 21, A= 2038 71A] o]
£ 122GWE g3t A& =18t ik 1eju 54 6] S7ke e I A0 Al AAR 8l =
W A Qlmake] =8 A7 Yehal 9l o, ofof whet A A 2 W ] v =gk F5ekaL
otk o] gt EAIE sl 2st7] sl A= 20249 FHE] M & (Virtual Power Plant, VPP) AR A A
R Sl A2 A AL oS HlofE|E 7|REC R 3 Y W AT Hu A|A" R o
o, o]of whe} 4t djolE] 7]9he] e Fg A H] G- (0&M) E 13 A]5(Al)S 83 W o
5 7% Y4 a4 FAFsta Qlot

o] o]l ENERDOT(o]| U G)-2- el 33 BHd Apike] M 27] He] ag oA A sl 4E 2 Uy E dlolgE
Ao B =2 F9el7] g vlhlolE A AR 56t e sHE A3 Folth oy the] e eF
3] ddjo) 2 A0 A, A, A 7171, ALA, 714 diolE & thgsl tlofE] A48 T
st FA Tl dlofE &8 a&4dS TSkt o5 Fall VPP AFAEo] WA of| & 9 AF4k
e H43E a84 0 R YT 4= Q) F A Uit}

EGF oS TlolE] 44 W TS 9T HE BAE 714G LS, A4 vlole & 2 47
8T 4 9l T} AP4F 2 (Digital Asset Management, DAM) A H] 28 4172 4 5}31 9lck. 3l =

d :
HES WAL Ao A, oS Hll b, AARE RUE ], o] HAl 5 78 7= T AlE5ted,
AR A 71k P A WA S AT 7Ie A 7IHke vhskaL )l
&2 AT A AT dloE FEe) 2ok ZHE oA E LIS, o5 VPP A W AA| A
& Ao A EATO =M F5 dirf i Ao A] S A A o] T Wk Al AR

Key Words : 77 4~ (Virtual Power Plant), ZjAof| 1] Z] B]d]o] €] (Renewable Energy Big Data), T | & A}AE]
(Digital Asset Management)

T Corresponding author, E-mail: patrick@enerdot.co.kr
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BYSA A4 o WA A2EY A5 BA

Performance Analysis of Solar Power Generation Systems Applied to
Industrial Complexes

e
Wonwook Oh*'
SE Zkeut3 2pA oY 2] Al E

Absit - 3152 213 203060714 9] & 6GW o} 4] el WAl A1 29)0) g 3Lz o)

o RENO0 ALeIube) %12 19 cioFeh A4 w3t el A1t oS (et o £ A
B A5 RIHAS BESfol P P AR G wilelc) & g i
ofl 4852 SRS 2L} 75 4ejo] ABOR 07 AT B oF MW Tp0] Al
o 52 B A4 B B E mﬂuo@£%£4£ﬂo 0] 79 Tl eop

SENCH0-20% O49] & gH2 LrEPAITE. 71 9o A7kaul g eeRgE Mg A5 i et
ofgh WA Ao 5] o]47 5, AFAThA) e QF L A, MK, 23 W f A Telof hak Tkt o] ho]] s
TR ol golth. §F ARG oy i Al 28] Sl SleiA EESHE HA 7)1 E So| Basi

)

J

Key Words : A%+ %](Industrial complex), B %33 2HA A| 2~ E(PV power system), AJ5-4](Performance anayysis),
oF €] oFF W E(Bifacial PV modules), 7] 21} X](Mismatch)

T Corresponding author, E-mail: wwoh(@cbtp.or.kr
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PVE-I-2

Pathways to Decarbonise Emissions of PV Deployments

Moonyong Kim*", Sisi Wang*, Li Wang*, Yuchao Zhang*, Nathan Chang*, Catherine
Chan*, Brett Hallam*
*School of Photovoltaic and Renewable Energy Engineering, UNSW Sydney

Abstract : Global cumulative photovoltaic (PV) installed capacity has reached over 2 terawatt last year with
over 600 GW annual installation. Emissions from the manufacturing process and the raw materials needed to
make them contribute to a carbon footprint. For PV to become a significant global power source, the entire
industrial chain should be decarbonised to support sustainable expansion. The amount of electricity generated
by a solar panel varies according to the installed location and chosen mounting structure. This changes the
effective material consumption and the associated effective carbon emissions of electricity produced by each
solar panel. This study investigates the impact of different PV mounting systems on energy yield and carbon
emissions, focusing on the key configurations of Fixed Tilt (FT), East-West (EW), and Single Axis Tracking
(SAT) systems. We demonstrate that the material consumption can vary, along with the impact on carbon
emissions in terms of both tCO,/Wp and tCO,/kWh. Pathways to reduce the global warming potential are also
discussed, including incorporating green steel, decarbonised concrete, recycled materials and using green
electricity to manufacture the materials.

Key Words : Sustainability, crystalline silicon solar cells, green steel, green concrete, decarbonisation

" Corresponding author, E-mail: moonyong.kim@unws.edu.au
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HeFE od Az MLP &3 719 B TAF 45
Short-Term PV Forecasting with Multi-Head Attention and MLP
Fusion
2RO, ZFE, At

Jungmin Moon*, Ju—Hee Kim*, Changheon Kim*'
7)Y AloY A AATE

Abstract : b WS b} A afabe] FH0.R e AlZkel = 2] ATk AXZE 2.9 A
A2 2AZY Y BEE BolelW B 29 FUEsl Baao|ch B A ) e 2 Hlo]
2 vlo R, N2 ThE A5S EAshs o WES WE2 TS st ne s BYS Aokt §
WAL b ARE Sk A, HEA GRS v AE 1 o HAER0 2 S35

MLP g% 4, e = o'l d-S o] &3l Al dutct f-a3gh Hall 2] of 7152 A= MHA 5-3to|t}. ¥
E F7]= 30202 g E o] lon, 38 HoJE = A4 3RS ARSIl HIAE A= ZF 5t o
A dlo]E[ & Y3t F o]ojx|=24Y, F 967 A-E 58 52 Ukt A A 2] @A of| A= Al A
A 5 59| e} U H o & violE S FH ST A& F7]= ARRL-SLARL @
g o &2 Fdsta, W= 74 o] el ohF 2 18k o] 5 Btk ols EEHAE Fofsto] 4]
2 Wehg 7Fslel et o5 PSS el Y 2 Az A g2 A AR E Avte| 7S T
A3t F, A7k g7 of| mhet xkx) A o) & Ee ittt &, dAFEFo] SRS ¥ ko A= 7] =4 T H] )
& WALE ghgote] AAY Wt f-AskHA t-8-shaL, ofg-ofgtol A= gk AHA| <] Alol & = SAl %F
A5 h5 el B H7E A2 Aol A QP S SHE T & A Aol A= sk E RS VA A
3 25 TS BYsiy, E214 eAdS Al & 2 022 Alghgict. 9l 4% = DLinear”} 5=
Al AES, LSTMO] =2} o]&-S Ed3ith TONS WA A0 2 W2 4289 o ek K g} PatchTST
= 2] &9 ERAET QAT E A FHE k53t HUtoll= Al A& HE8}= TimeSeries-
SplitZ &85} o, B8 A o= Y= dolet gt FHE Fo] 5 w4 UAsuh AF
AT} AotE slo] HalE el okl Wi ofju] of| & © XH{MAE)”} DLinear 9.88, PatchTST 10.34¢] B3]
9.460 2 3FiElo] B3k 20 BiE 5ottt 2 Aot g e 7] WS Y UstA
A S o2, AAZE o A &G 2G| Alo] &S ol 71T 4= Sk

1R o 2 rfr o T oo

(NI o)

Key Words : Bl 2F37 243 of|= (Photovoltaic power forecasting), 3}°] B8] = T 2|d (Hybrid deeplearning), H €] 3]
= of&ll A (Multi-Head Attention), MLP 8-} (MLP fusion)
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Recent Trends and Implications of RE100 Implementation in Korea
and Abroad

x|gs*
Young—Seung Jee* "
AP gt 2 g3t 3

Abstract : This study aims to analyze recent trends in corporate implementation of RE100 (Renewable Energy
100%) under the increasingly stringent global climate trade environment and to derive strategic and policy
implications for the Korean industrial sector.

Based on the RE100 Technical Criteria and annual disclosure reports, this study compares and analyzes the
membership status of global and Korean RE100 participants, the utilization ratio of various procurement
methods, and the overall level of renewable energy supply. In addition, case studies of major global and
domestic corporations were reviewed to identify institutional limitations and propose improvement directions
for Korea’s RE100 implementation framework.

The analysis shows that, due to the limited supply and high procurement cost of renewable energy in Korea,
most companies rely on short-term compliance through the Green Premium scheme. However, Korean
companies participating in the global RE100 initiative tend to prioritize implementation at their overseas
operations, where renewable energy is more readily available and less expensive. In contrast, advanced
economies such as those in Europe and the United States have established market-based RE100 systems that
integrate various procurement mechanisms, including long-term Power Purchase Agreements (PPAs),
Renewable Energy Certificates (RECs), and green tariff programs.

The study concludes that, for Korea to maintain competitiveness within global supply chains, it is essential to
(1) expand renewable energy supply and reform the power market structure, (2) provide policy support to
reduce RE100 compliance costs, and (3) strengthen the infrastructure of the domestic power industry.

T Corresponding author, E-mail: mark@koeca.or.kr
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Ag)E g|gAz 9 B2 Potential Induced
Degradation (PID) ¥

Polarization Type of Potential Induced Degradation (PID) in
Crystalline Silicon Solar Cell

b =541
Soohyun Bae*"
“ohatol U 1) 7] &Y Bl

Abstract : Ejof RES A AU AAuH A28 w9le] oF 1000V o 4he] Aol WAIE. ok o
72 A E 2 Y2t HE S Xt B AR 1 A /RE A i AR E & F Tholl A A stol aket
e oF3d w5 9] 1A E3} (Potential induced degradation, PID)o| ¥HAJEF 4= Q18- I} A p-type 7] W B oA
A] 0] 7% -2 - Na o]2of| &3t @ #| 3}, = Fill factor (FF) 727} 5= Q1o 2 A ZE 5 gl o), 2+
74 Bko] 417 E13= Fw1F PERC 52 TOPCon 72 |94 483 B EO 4= £ (Polarization
type) PID7} H 1% 31 Q13- o] 2|3t i3 PID7} A 8}= lol sl FHE n-PERT YA A & 7]=
o2 1 1S AP0 BAITh o] S Fa) FF $150] 2142 2l PID F4Fo] obyl IR g Ajuo] 4
S AotE gt &8 A5t =3 PIDS] =8 Q1S Eelgt

R == B A =

Key Words : 124 ¢ €3H(Potential induced degradation), € %33 &5 (Photovoltaic module)
" Corresponding author, E-mail: soohyunbae@kier.re.kr
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Demonstration Study on Establishing Institutionalization Arrangement
to activate Large-scale Floating PV

RHAXT 0|XK|2* HFEII* U=* FoP*
Hyunsik Jo*T, Jieun Lee*, Jungi Jeong*, Donggeon Yang*, Myeongwi Choi*
AL EA K-water 37+

Abstract : S oFg-2 AR HA Y A5 A 2 AbAE] 5 2
=53}, %?r THS AN FEY 288 &8a e d
2011 S ol 500kW A B g A7 Al A X2 483 ]T 2

Folle = AT ARG A FASIAA 2 st A SE 47.2MW7F EFE o] A HEE /\IZPOP‘I‘T’%
SHAIRE, SR ] 7 A eE ARl A AR AR M-S S AAE IHER %ﬁﬁ = A0
E9 Az 9 A =7} STkl whek AR 8|7t S7FsEAL 1,500V 9] A9 Alo] & Al-g-ofl whet A g7t &gk Hhs
Alo] Z715}o], oATE]F33-9] LCOE(Levelized Cost of Energy)7} AF5dl= &4 71 =55t} o] ] e} YA ofj
Z]% JI(jE:l 75“E.oﬂ _ggx'l oz 0:]74]‘81— 2~ O] L tﬂ—xﬂ/H 1 ‘?ﬂ:/ﬂ— U] X—]/\" I:I] ‘,,]Z4§]- 7]50] _Q_.;LE]_TL %]\—C—)—U:L q]_ﬂ-_x-] O] E
7|2 g A7) A& 1 flol HRA o2 AR5k HPOPO] AAAZ o2 AAE L ek o] A it 4
e 2T HsiAl= 7le/id s S o8k vt A 7]49] 8371 7Hs S Sk A=A ¢l HEk
g u$- F a5t & =ollAle tivte AR 2493 fl8 Bl B4 A Zled, AF, 71e7)
FQH7HA st ASAel tal] Alsgict.

Key Words : 5=AFEl 9F3%(Floating PV), 2§48 of| 4 X](Renewable Energy), F--3-2] ¥ 7] 4~ (Floating substation)
" Corresponding author, E-mail: hsj o@kwater.or.kr
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235 34 7% 94 49 78S o8 2F 3
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"

Development of Recovery Process on Light-induced Degradaion for
Gallium-doped PERC Solar Cell Modules using Remote Heating
Techniques Based on High Frequency Electromagnetic Field
Resonance

O[ET*** ME*** Zpoi!
Taegyu Lee®***, Yonghun Je, Soo Min Kim*'
lrAlEte 7| ed AL, FERAN St A 2 g5t

Abstract : The photovoltaic sector is driven by the demand for high-efficiency solar cells, with p-type PERC cells
currently dominating the market at 22-23% efficiency. A significant performance bottleneck is Light-Induced
Degradation (LID), which is particularly critical in advanced devices. While the performance lost to LID can be
restored via a regeneration process involving light and heat, this regenerative state is often nullified during module
fabrication. Consequently, LID reoccurs after outdoor deployment. To address this, we developed a non-destructive,
in-situ regeneration method for the fully assembled module. The technique selectively heats the solar cells using an
inductive magnetic field, thereby inducing recovery without damaging the module's polymeric materials. A half-
bridge resonant circuit was employed for magnetic field generation, with current regulation ensuring precise
thermal control. Temperature mapping was conducted using an IR camera and other sensors. Real-time open-
voltage measurements facilitated the observation of dynamic minority carrier lifetime changes. Furthermore,
kinetic simulations were utilized to determine the photothermal activation energy necessary for module-level rege-
neration. This research thus provides a foundation for renewable state accreditation and the extraction of critical
kinetic parameters. In summary, this work introduces a practical, anti-deterioration technology applicable at the
module level, substantially enhancing the long-term reliability of solar power systems.

Key Words : 3393KLID), 2215=1} 33 A x}7]%H(High frequency resonance electromagnetic field), 2 7} (Remote
heating), PERC(PERC)

" Corresponding author, E-mail: smkim@kicet.re.kr
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Convolution Neural Network Approach for Fault Diagnosis of PV
Strings Using I-V Curves

AQA* O|RIM* ZAX* Shsi|n|*, mASHT
Woogyun Shin*, Jinseok Lee*, Youngchul Ju*, Hyemi Hwang* Sukwhan Ko*'
oo U 2] 7| AT, AAIAI AR A

Abstract : Countries worldwide are expanding the adoption of renewable energy to achieve carbon neutrality by
2050. Among the renewable sources, solar energy has experienced the fastest growth and largest deployment.
As the number of photovoltaic (PV) plants increases, the operation and maintenance market expands, along with
fault-diagnosis technologies that integrate traditional methods with artificial intelligence. This study proposes a
fault-diagnosis technique that utilizes normalized current-voltage (I-V) curves of PV strings and a convolutional
neural network (CNN). Measured I-V curves were normalized using a simulation model considering irradiance,
module temperature, and degradation rate. The normalized curves were labeled as normal or as one of six fault
types based on patterns and electrical parameters. A CNN trained with these data achieved training and validation
accuracies of 99.34% and 99.39%, respectively.

O

S 2 (Photovoltaic strings), I-V ZA1(I-V curves), THA 5 417 W (Convolution Neural Networks),
1A

AE
4} 1 dl(Mathematical model), &% 3 & (Confusion matrix)

ol
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J
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HEZBA7E/AGZE dd9 A2 AY IS Y3
L(Ag) Y=ZEAY Ad 97

Nano-Ag Crystallite Interface Engineering for Recombination-Junction
Formation in Monolithic Perovskite/Silicon Tandems Solar Cells

X|F* SHE.
o

* =% *k I oRkk A = ofkkk *okok
™, ¢l dar’, A8YY, HEET, S8, 9118,

o
e, Ood-"

={k%k% = kkskk k
HAB OJsHA Y, e

’

Dongjin Choi*, Sujin Cho™*, Dongwoon Han*, Hyo Kyu Kim*, MyeongSeob Sim**
Dowon Pyun™* Hoyoung Song*, Jiveon Nam*, Seok—Hyun Jeong™**

Hae—Seok Lee™** Seongtak Kim*'
R P R R ER P EL e
i peofata o] 47| & BB AT, FHE ik gl Al gt

Abstract : Commercial deployment of monolithic perovskite/silicon tandems requires high efficiency and
compatibility with standard production lines. Device efficiencies above 30% have been reported. In Photo-
voltaic(PV) market, TOPCon (Tunnel Oxide Passivated Contact, TOPCon) is the dominant single-junction
silicon structure and tolerates high-temperature steps that, on standard lines, enable formation of a transparent
conductive oxide (TCO) layer at the recombination junction. We study the recombination junction in TOPCon-
based tandem solar cells but, instead of a TCO layer, exploit commercial TOPCon metallization (Ag contact
formation) to generate nano-Ag crystallites on n+ poly-Si. A short firing during Ag metallization forms a
compact Ag/Ag-oxide/Si interlayer that preserves optical transmission and electrical coupling. Structure and
chemistry are verified by SEM (scanning electron microscopy), TEM (transmission electron microscopy), and
XPS (X-ray photoelectron spectroscopy); device behavior by -V (current-voltage) analysis and UV—Vis
(ultraviolet-visible) spectroscopy. XPS identifies Ag,O/AgO within the interlayer. This interlayer concept
offers a TCO-free, manufacturing-ready route to constructing the recombination junction in monolithic
perovskite/Si TOPCon tandems.

Key Words : 9|22 A7}o]E/A 2|2 g (Perovskite/Silicon tandem), A2 $F=(Recombination layer), A" <17t
(Interface engineering), U'e 2 Z A & (Nano-Ag crystallites), 33 %7} = (Optical transmittance)
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Precursor Solution Engineering for Improved Cation Disorder of
Molecular Ink-Derived AgBiS, Solar Cells

OICkE™, AfRe™, gy
Da Seul Lee*, Hyeong Won Seo**, Jongsung Park**!
RSN A SFdeiselrl e, A E ) o v X 5-sk)

Abstract : Silver bismuth sulfide (AgBiS,) is a promising, non-toxic, and earth-abundant photoabsorber with an
appropriate bandgap for sustainable photovoltaic applications. A comprehensive understanding of solvent
interactions within precursor chemistry is essential for optimizing film quality and enhancing the photovoltaic
performance of solution-based AgBiS, devices. In this study, we investigate the coordination behavior within
the Bi(NOs);- SH,O-thiourea-DMSO-AgNO; system, emphasizing the effects of precursor sequence engineering.
While the coordination between thiourea and metal ions is well established, we report for the first time the
coordination of dimethyl sulfoxide (DMSO) to metal ions in this system. Additionally, we examine how such
coordination influences film morphology and photovoltaic efficiency. The introduction of Ag" ions prior to Bi*®
ions (Sequence 2) promotes homogeneous cation disorder, mitigates excessive Bi-S coordination, and enhances
film quality, contrasting with the Bi**~first addition approach (Sequence 1), which results in inferior photoelectric
properties. Devices fabricated using Sequence 2 and Sequence 1 shows significantly different photovoltaic
performance. These findings underscore the critical role of solvent coordination modulated by precursor mixing
order as a key parameter in the design of high-quality films for solution-processed metal chalcogenide and

halide photovoltaic systems.

Key Words : Silver bismuth sulfide, Precursor engineering, Cation disorder, Solar cells

"Corresponding author, E-mail: j.park@gnu.ac.kr
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Lightweight PV Modules with Integrated Honeycomb Sandwich
Structures as Backsheets

gro|

X * — =k
afnlz=*" MR, Hist

Min—Joon Park*". Sungmin Youn* Chaehwan Jeong*
AT AT YA Y= TIE

Abstract : The rapid expansion of the photovoltaic (PV) market has accelerated the demand for module designs
tailored to diverse applications. Among these, lightweight PV modules have garnered significant attention,
particularly those utilizing polymer films in place of conventional front glass. However, the reduced mechanical
strength of front-film-based modules necessitates the incorporation of structural reinforcements. In this study,
we address this challenge by integrating a honeycomb sandwich structure as a substitute for conventional PV
backsheets, enhancing both rigidity and structural integrity. This was achieved through a simple one-step
lamination process, streamlining fabrication. Furthermore, we successfully implemented a shingled cell layout,
allowing for a denser packing of solar cells within a confined area, resulting in a module with a conversion
power of 205.80 W over an area of 1.034 m’. The final module exhibited a lightweight profile of 6.2 kg/m” and
passed standard reliability tests, confirming its potential for practical deployment in applications requiring both
high efficiency and reduced weight.

Key Words : 272 A 2] & g 937 2 E(c-Si solar modules), 73 #(Lightweight), 5] 15 A =$] %] G- Z A (Honeycomb
sandwich structure), 3} A| E (Backsheet),

T Corresponding author, E-mail: pk5659@kitech.re.kr
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Performance Analysis of a BIPV System Mock-up:
Comparison Between Insulated Wall and Curtain Wall

ox AH [** =kkk = pkkkk T
HITIS®, ™, dXIE™, UEE

Jinwoong Park*, Subin Jeong**, Jinhee Kim***, Juntae Kim****'

SETFUtt A5k, e Teta oy A A A getat,
i e i A 1S |E DA b L Ry
et Y et IUANTE RS o/ ol | 2| A A7) F St (t k)

Abstract : BIPV(Building Integrated Photovoltaics)+«= A 7|5 AJAksl= FA o A&, oY, A7 5
Q] oS oh= Al Aol A] Al Aol T, EAIY A 2o YAASE S-S A, =2 W
F8 W 3o & E8oh= Y s BIPV A A/19] Aol R %L Qlth. BIPVE= B g 1L
B2 2L7t st W &) fasts 5AS A=t FA10 A= QU2 AREE 7] uf e,
TEREREY 2% S st AP A0 aQlo] Hok o oY A|A”I2 BIPV $Ho| A A7k
A=, AEY A A" BIPVZF 53531 o] g %2 4] 2}o] 7} BIPVE] & 9 A Ad-5ofl -4 2]
o7 u|A|= el ek qFgo] dasith uebA 2 A AET U AXEH R AR
BIPV A| AH1S AA W AR 28t 18] 31 G/B ©E 993 G/G AEL2A Q1] A3 mdlo] 285
Mock-up A& &l € X T 5442 B4

Key Words : AEYAd €] (Building Integrated Photovoltaics), =% A& (Mock-up Test), & 4L 24 EA
(Thermal and Power Characteristics), @& 2] 9 (Insulated Wall), #] &% (Curtain Wall)
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Comparative Analysis of Power Generation Performance of Vertical
Bifacial PV Systems according to Azimuth and Albedo

oJ* = OJk* A H [¥* =[kkk = ppkkkk T
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Jiwon Kim*, Junwon Jang**, Subin Jeong™*, Jinhee Kim***, Juntae Kim****'

HEFTUTa Ak, rRYSFosa oy A A A s,
G b o i S | AP -t Bn
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Abstract : ShFES 913 12l ©] A0 AU 4| HF B L o5} o] Folx WA ey
8l (Photovoltaic; PV) A28 o] M%) 77} 2|48 02 Z7kskat Glck. QNFA O S PV Al 25
M Sejatat] §1s) A Ao o] 9lmel uhe A2 Az Hgsta Pygo R AxHct el
U Sue] A2 ThA) WH 0.2 Qlsl PV A9 Ao g7} glom, oo chak hoto s S o
W PV Al o] 32 olck. FR Y mELS AuRr ot FHOR QA v 28
SHEE o 20 B BE e o £2 WHYS /T 5 ek B HES SH 02 NG
A9 w2 g, G, A% Urk 5tk Hoko] 48 7Hs o] 0w, welo] whet 32w A
ZFeh7h Babel s BHE 7|ofE 4 Qleh A FE Y PV A AR o) W S A-Fue] iz A
HHE 5 A Bdo] 27 RS won e, AT el A e Fostel] SlaiA s o)l 8
2 %% B Holch. AT AL S0 AL Bl 54 g PV A
2so] el 9 A whAkgol mhE Mg W S v m st onl, Aol mal e B
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Key Words : <2213 PV A| 28l (Vertical PV System), &3 PV I E(Bifacial PV System), 9] ZH(Azimuth Angle), ]
HEFARE-(Albedo), B4 = (Power Generation)
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Development of A photovoltaic-thermal (PVT) Module Applicable to
Mass Production Using Cooling-jacket Technology

2,S§X,_I*T O|Z4S* orgAl* O|2AA* ZoIg* =S+ Z=F*

Hong—Jin Joo*T,Kyoung—Ho Lee , Young—Sub An*, Wang—Je Lee*, Min—Hwi Kim*
Deuk—Won Kim*, Jong—Kyu Kim*
ko L 2] 7] & AT AAAYA| A E| A4
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Key Words : B %F33< &3} 1 E(Photovoltaic Thermal Module), & 2 & 7] Al%(Thermal and electrical performance),
W Z+2} A (Cooling Jacket), Tl =AY AF(Mass Production)
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Development of Industrial Thermal Energy Optimization Platform
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Abstract : % A X[ F o[ A] AB]5FO] oF 49%+= oY A & An|EH, o] F 75%7} 3H4 A= E 55l
FTEE I QITh 53], AP F7-2 HA| ol U 2] 4H] 2] 33%E 2FA] 81, = of| A= 61.7%0]] 28l 247}
2 E Ao A4 oS ok R EE AL Qi) 4bY R geAstE fJd a1 8| E Z(HTHP:
High-Temperature Heat Pump)7} 522 L, 60T o] 4+2] e 212l a9 b= o] 25| 74 o], o] 2t
A9 Bu AL TR AL BFAS BEU AU e)oFA SETE 4|2 (SoHPrOTES:
Solar-Heat Pump Industrial Process Thermal Energy Supply System)¥} 72 HFFAu|7 S35 2444

of 1) 5 Qlofof Arh. =2 AL T YT £ 2UES WYslo] AFTUNES 2,

= v O =2= -
Algelol A, AAE EAC RN 249 A S EE5SHe ANE daadn] AAEAE
(iTOP: Industrial Thermal Energy Optimization Platform)o]] tf 3} 7] &3ttt iTOPL] S
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Key Words : A+%] B4 S}(Industrial Decarbonization), 42 A& 28 (Design platform), A+ -5 7] (Industrial process), El
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5

3} 3] EH 3 (Solar thermal heat pump), 552 H| %24 SH(Thermal energy supply optimization)
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Development of Half-Cell Solar PVT and Thermal Balance of System
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AT Aol =L AL e g Het w2 g o ' LTI E A2 A AskE Ao Bl s
Zh 40% B 22 o2 Z2 Fo AR E At 5= 3lof, SA w A o] Algtd EA9] A&l
Z ol A& Al
2 =wolle 28 A A(630W)0] 3L 2| Q1 sh2 Al B ofg ol 2= 263 Skl d ol A Agatkd %i
AUAE &A= A 0}1 Z-Eol7] 9t SHALT Tas AlA skl SEAAE Ve
B g S d ol A AR Bold A& ARSEAL o] & e ool 28 = Jles dEske %ﬂ%
2] GAojtt. oA E XVJOPE Y BAE SHE AuiAlE <BA717] A% HE, dEe
Fotet gty At ZYY duy], 2Eal o] Alofshe HEEHR ?L“EM Atk HE TR
&g she 7| A 2 Foste] AAeE AR A& Fassto] @] Al 713k-e TSl vlee d4
SFAL bRl e Fe R

Key Words : €544 E2-3l1f] d (Photovoltaic Thermal Panel), 2] ™ & & 7] (Polymer Solar Collector), <& % (Thernal
Energy Storage), o %A 2~ 8l (Hot Water Supply System), &3] A] 2~ &ll(Thermal Balance of System)
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AITAE Tae HE HYdA) &4 E9

Current Status of Solar Energy Utilization for Industrial Process Heat
Supply

?_JAIS*'**, C.’:I%'—’F—**, }_gé**, Oljl'%l-**, EI_:EI;*.**' |:_|||.7—g|:H*,**T
Si—Eun Kwon*** Byung—Ju Lim**, Sung—Hoon Cho**, Ga—Ram Lee™*,

Muhammad Faroog***, Chang—Dae Park***'
kel e AT A e u (UST) 7| AA A8 sk}, 5k=7] A A - (KIMM)

Abstract : U] A2 ] ol 2] &8 F oF 65%= AFAF A ol A WA, o] T 60% ool 3 HE A
Aol ARGtk mhaba] Ab B2 o] 52 SR S TS TS A% A FAlolv, E¥
HAAE Ao A = gk B a7} ek B gl A= SRAstE f3 =8 dijA oA ez &
Era o), Bk AlA"S A d Fo] 7FeshARt 2 FaS S8l 57 dulvt Zasta
AR B]g-o] STt Wh B g 7]NE P2H(Power-to-Heat) A| |2 A A|H]-g-0] WA T, oy 2] W2k 3H7
oA Fg EAo] WA Hj ol 2| o] FFek AT Aol uhe) rhefvt Ak o] EAgel| =, A
HTAHE TS AT A2E 2 FAA QI HlaL BA2 ob4] S23] o] Fo| XA Yokt & A= =
ol A5 SHC 2 ARITA D 3uS AR Bl A Al 289 7)E U A A e,
8 AL e A B AGA S v a 24 sk F5 A Il ARt A W A A SRR Bt

F<& of 4] X|(Solar thermal energy), A+ 37 (Industrial process), & &5 (Thermal energy supply), Ej &F
2
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A 29 oJuxe 2o =4 B4 4T 83

Grand Challenges and Current Research Activities of Offshore Wind
Energy

ZEfA*T
Taeseong Kim*'
*GIST 71 A 2 5-5-ek=

Abstract : 7 A| A A 0= FEo| | 2] 7|HF A& H|Fo] w2 A F716k= 7], §-H AZHEU) 2030
7h7) JA) e eke] 45%S oL A 2 FReThs BRE AT ol SIaIAE oF 425 GW 7
o] x| Feub Aul 7} 75| ofof s, o]  SIAHEEL o 158 GW Szto] RFEIE Ao A%
Hoh 12y 2025d A EUOl A X S5 7= 54 215 GW, 84 21 GW 3+ 236 GWol| Etsto],
S5 6417 214 136 GWO] |45 Aol 3712 W 45131 o] &= A °F 23 GW 2] 45T ANAHE
©hA] 24J0] SHES oujair). 2 Ue @A) R 20304 FEE BIEE 35 GWoll A 78 GWE
Aatol wheh ol A EY B Sl vk Sk ko = RAreholet. o) et B S AS SleiA
A v IAFS U o2 24U = = 2 T2 d 7] 9 A8o] a2o|, 2T
A7 A ZAFES 1520 MWFS o] 25 MW 7HE 5325 Al AlstaL Qi

W 7] Wi 1) 9] i Pk FAE &S Algske BA0] B o]a thH A ]l 7| &4
A EATAE U 8 A e T o)k 87 shE (e E, shehel et A aule] 7
A Bz, 2oal Bello|= W ST ] b AR A HAO&M) Q132 75, S0 MW A
A AlE AA 2 ®EA Alof =AI7F ERITE 53], 2| H|= NREL(National Renewable Energy
Laboratory)©] A A3t =2 of| 1| x| 2] Grand Challenge % & (Atmosphere, Turbine, Plant & Grid, Environ-
mental Co-Design, Social Science)2 o] &gt B84 Q] WA S0 a4} T3 2] 52 g flaf vt=
Al e A =] o] o S AJALEITE

B o] 2 ul7 ofal, (1) A Al W S 4k Fe 2o AA W M) B ARe Ao 4
gstal, (2) 2 F e W79 Y EEe} Y3t Algsh= o] H 2 FRF g A3 E AFst
31, upA|eko & (3) NREL Grand Challenge®] 4|4 -8 vl O &, o|5 - aA|of of-3-517] {1gt
IEA Wind TCP 4F5}2] IEA Task=°] 42343} Q1= thefal 2|4l A+t 2 A4 7] =70 53kl thshA &
w5} g

-

(o o
4o N
re

O:

T hu
R
L

O W et ')
Mo

lo i
S

Key Words : 3[4#2] (offshore wind energy), & =2]9F4 7] (ultra-large wind turbine system), T= 4 }4)| (grand
challenge)
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WEC-O-1

A7 gt HEY 9 AN FRE 9T
244 ouix ofUUE Hu A

Development of a Floating Energy Island Hub for Enhancing the
Economic Feasibility of Far-Offshore Large-Scale Wind Farms

oxt o * K3k =% o *
HES™, ots527, o|4Z™, Ho|= oE

, o™
Yong Yook Kim*', Jungeun An* SangGil Lee**, Miho Park*, Sangjoon Yoon*
*Ne7lEdTY I-AAEGEAY, FH(F) A o) qllK

o
A4k, A2 a2 RE o] 072 o] A, M2 Qlmel T50] £ u]g, K4 Fetx
% 502 Q) AANo] A AT £ Aol AL ol AkS LA 0 2 ga}y] g, Hh
A 8l A SEE B mEet A s e 54 o4 ofd M= ] H(Floating Energy Island
Hub) 7€ A2kt sict.

2 38 sfo] A% =|o] HVDC 35447 (joint connection node)=2 4] 9172 A2 0] % 752 4=
B} E A, St §A Ao} B A1€0] Z15g T )58 Aol TAE . o2 Baf 7|20
AR A 4, A AL, SRR Qlzatol] BALE|o] QIR 758 AR A  FAlo] Moksto
W, B A77) 0&M W18 2713 A A T8 TAS BA] DT 4 e Ao y|djE) 2 3}
Ao ) sored 9@ 44 A4S Telsto] 4 GWE HVDC 25 HA)7k 7H5a Aluk sjo] Ha)
£ 303 A A7AS QY Foln], W77} 239 2 Bk H8s}o] 10ha o] 4] AL Bl WAL o
W34 Qs 1k ok ARSI Qe ER, 7144 AR A B4 1S B 244 o1 %] ofld

= 357} 47| 8.0 2 UAHE o U] 114 % & (Energy Highway) 9} 91| Elo] 213) th 7= 422 g
o] 255} WA A/HLCOE) A7 A=A Q) A Aol A At 284 Fipol 71018 4= Qs 71548
EREEEE

Key Words : 5-3-2] 3jAF#2 8] B (Offshore Floating Wind Hub), oJ|q x| o} 4 21 = (Energy Island), HVDC, o4 ] 1L
225 2 (Energy Highway), -3-%] 4= &THO&M Port), 3432 X (Offshore Wind Farm)

T Corresponding author, E-mail: yongy.kim350@jae.re.kr

£ QT AR B AR AR 0] A0 2§ U K] 7| 4B 7HAKETER)S] 2] 2-& ol 4= % 916, (No. RS-2025-02

* 108 *



2025 KSES Annual Autumn Conference

WEC-0-2

2 AP ATF TEH B84 o7 Hu
A Ao g3 A7

A Concept Design Study on a Multipurpose Floating Energy Hub
Suitable for Korea Offshore Environment

* =Lk *kk
oAtz o|zEK ZUBR

Sang—Gil Lee*", Dong—Hwan Lee*, Yong—Yook Kim**
H(F)AEoly, e aATd

Abstract : The rapid growth of the offshore wind industry and the shift toward floating offshore wind turbine
(FOWT) technology present new economic and logistical challenges. Specifically, the high costs and complex
management of distributed export cables from individual FOWT farms pose a significant hurdle to maximizing
the efficiency and economic viability of offshore wind power. To address these issues, a centralized, multi-
purpose energy hub is essential, serving as both a central collection point for power transmission and a crucial
maintenance and operation base.

While Gravity-Based energy hubs are primarily being developed overseas for relatively benign environments
and shallow waters, the geographical characteristics of Korea, with its deep waters and extremely harsh marine
conditions, necessitate a floating hub solution. This presents a unique challenge that requires a world-first
floating energy hub design concept rather than a simple imitation.

Therefore, this study develops two conceptual designs for a floating energy hub with a large 400m * 400m deck
to fulfill its diverse functional roles. The proposed designs, both based on technologies proven in the Oil & Gas
industry, are a hybrid type that Semi-submersible and Spar concepts, and a Tension Leg Platform type. These
modular concepts are developed with a focus on survivability, as well as fabrication, transportation, and in-
stallation feasibility.

Key Words : 5-3-2] o] X] 5] B (Floating energy hub), 253 -3-A|(Module type floater), 23+ 2] (Spar type), B2+
4=2](Semi-submersible type), 2174214 & A](TLP type)

T Corresponding author, E-mail: afluid@zentechenc.com
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WEC-0-3

10 GW3 284 Y ug BT $2 AN
g

The Conceptual Design of a Hydrogen Production System Utilizing a
10 GW Scale Floating Offshore Wind Hub

o[FAN ZgS™
Chunsik Lee*", Yong Yook Kim**
S71EAY oAU A A AFAE, #HGTEdTtY THA NS A E

ES

Kl

Abstract : 1007] o)4te] FelEk9lE B aH 0w Sofshi §2\ 0 517] 918 ShAE sl Adja
B4 L2E0] 75} 10 GWH 31 2.9] -2 Top Side 22 150,000 m2, F-A+= 100,000 ton ©] A2
2 3R E, F2E ] 5= 4 100m o] o2 of ST sk F2 o 5494 4~ 10m/s F&ol A i
Ashe /ol 2 82 AT $E0] oY FER oAU AAZAILF(ESS)S R 51, o] & 93]
Top Side 1 % 10~20% 4-2] o] W a3k 702 Fekglck, 2 QATo] A= 10 GW £ 5] 20
A ZFe A 0] 2 AL 10%2) 1 GW 0|2 71 ek, | GWo) w128 S5k AMEG 42 AL
A28l A B T 2l 4o) 2 WS B Sa LS 57] SIaiAE W el B e s
QT E| T 2] T T ek W A SAS e ] A4 B8 715 2L 800 MW
ofsfoc. oF 800 MW 128 TH8510] sl B2}, PEM HH4] 200l e 9155, 5ok A4 71 & 42}
402 ARt 4l AL A SRS AR 02 AABIT T AT AL 15T T s A7 S
ton, 1Y 192 ton =591 A o2 B A5}l

Key Words : 341 (Floating), =4~ AJAH(Hydrogen Production), 3fj4%2] &] H.(Offshore Wind Hub)

" Corresponding author, E-mail: sufaltus@jiae.re kr
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FHA5 YRAE

A(m r&.

sl U2 FA28 FAHY §5
CREKE

Comparative Study on Wake Characteristics of Dual-Rotor Wind
Turbines under Varying Thrust Coefficient and Turbulence Intensity

s, sixlg*, new*
Hyungyu Kim*", Chihoon Hur*, Dongkyu Ko*
57l dATY aHA A FSHAE

Abstract : 2 91510 A= HAH7-A| & 8H(Computational Fluid Dynamics, CFD) 7] §-& ©]-8-3}o] &7 NiE{
(Dual-Rotor) 21 EJ19] -5 542 5112 el Single-Rotor) -2 ¥12} u]3 2 4shsie. Heol=
T2 8j|4] o]l = Actuator Line Method(ALM)Z 2-8-3}9] © 1, A}-8-%] 32 g|o]E] = IEA 1I0MW T\}]E-]HL]_
o] B4& 7INke = sk AlEE o] e FH A (Cn e ks wtg st flsf F A S5 =4
(8 m/s, 12 m/s)T} 5= 7FA] W& e Z7(2F 10%, 14%)0) A 22351 %ich. o] = £3) thokst &8 317 of A
ol 32 EXS Hy}lslit). OH/A Adl, 5231 3 A A HE| ZE] A AEH 0| A 2HAYFE _z;; e}
U R A0 ALY e, RARE o] M WAT FRe] B4 2 d(velocity deficit 52 4|59}
W7ol ek wselgle s, 2 2elo] 91310] niet 1 st ool ohES Sfelalsin.

J_

Key Words : &5 (Wake), AAHF-A] 28K Computational Fluid Dynamics), HE]Z¥E FZE]H](Multi-Rotor Wind
Turbine), 2§ 5=0]| o] €] 2}2l(Actuator Line)

" Corresponding author, E-mail: khg@iae.re.kr
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29y ey A28 MAd g ou] A

Preliminary Study on System Design of Ultra-Large Offshore Wind
Turbine

|1I|-|:||§*TL

Miho Park* "
41_%_7]%0&;,7--%]_ 1%1‘]—1—\—@%@—“5‘

Abstract : 32 Lol A= A FEHE 98l A= 2 (low induction rotor) 7}'d 2 485} 7h=a1 71 A%
Y EFol=E AANUT o] HE A FIHE BN oS EolaL A|AF] 1§ 84S FiEeh=
A HHE el A 3PS 918 NRELY] &8 A&7 AA E x| yo]s] =ElQl WISDEM(Wind
Plant Integrated System Design and Engineering Model) £¢] 3844 0 2 -8 5] ]t} WISDEMS «+535}
B S(LCOE)S A4 =4 g AAsto], 38, X, H|-E 5 thaok a4 9 A 3}5 4=}
et 2 Y Tolt. 22 el 342 308u]E o] Dl 2did ZE 2741} 335 Wim'e] W H|E
(specific power)& 54 0 & dli= A= ZE AAo HFE St ol W& vjEg 442 7 gul
O] Z|tff &-E&(Cp-max)Eth= TA] KA 9] o | X] AYAFTL A A" k5 A7 Aok A7k AA A
k& vkt AA19) 8 AoF 270 & Fsl4=HMSL) 7| 24 3008 9] Edlo| & | Zh=(tip
clearance)?} 308m Z=E] A7 FRE 5t 184me] FE=zo]7} Qlth. 7=, NREL FLORIS(FLOw
Redirection and Induction in Steady-state) 52 ©]-&3F F2thx] 52 (wake) 3f| 4] 0] Wl = ¢ltt 24 A7},
N A= 28 HHEHAS(Cp-max) S442 HHE A H A2 =8 o8] FA5] I =
2 (thrust) TYA 7] = A& 2RIk o= W& SHF f- = Al<=(axial induction factor) 2 -8
= A2 2H 9| af EAo|tt W2 82 Y] Spo] A E = TFO A E oFshA 7|4l o w2
5 3 ES ZAAZIA "ok A AR = Z2Eof it 7 i AlEdlold A, 3 ©A Y ok
EHl50] 4= 57 &4 (wake loss)o| 27| T4sh= A0 SRIE UL A2 02, A F%= 2H 7id
o] Cp-max& 2-§-3h= 7|& AA| K} o] 23U E|RIZE o] A 7 2] (inter-turbine spacing)E 7}5351H7| 51,
o] WA o | 2] abeFS S Eletal, F TR 9] LCOES A 4= 5-& &lstditt

ol
1 rr

Key Words : 3jA=2 B Q] (Offshore wind turbine), A|28] %4 3K(System optimization), 73 =3} A Al (Lightweight

design), & 7441 (Wake loss)

" Corresponding author, E-mail: mihopark@jiae.re.kr
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42 9 P4 Ho) H4H FRY oA AN AT
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Performance Evaluation of Sorption Energy Storage System with
Leaf-vein Fins

ZNur, Azs*, ol

Seongbhin Kim*, Dohyun Kim*, Aejung Yoon*'

LA 6 Y 71 AR

Abstract : 52H4) Glo]ui %] A Al AT SR ol F2F o] F2H w) whays)
oAU AE A4 D AHESHE A2F YT )% S 2
2 28] F2 4ol BolAt LAl UL meb, £ QATAAE F24 Bl AP~
Al Ge] AUEE S| 1% Qo 94 7 g G gssoen, ol O

=} Sz =)

B ekl 42

e} .
fe Sl o A28 s l‘ﬂ&&?n, Qo 119 54 4500 1 458 Bt 1o
ol T G SRS BRSO, S0 FA0520 mg 71 o
R [ o 4 119 Moo A5 6 A A SO A B

H
= AlAEM §0_9_57 AL gelstgl o, 1% 3 270, 120° ZHe, 1.0 mm $79] 23 o)A Hdf
& 39.5%5 UEtl o, ol ol gl 742 vl dA] 59.3% 34 HAsUTh & A 2RE AE
ol A A7 Al &gl o] A5 Wsks grstglon, 3
Aol & Al A ka4t gyt

/kokgg,] HxL nl zﬂxk zﬂoﬂ tr)r
A P4 7 T2 HHHE 9712 o

rlru
Joi
1)JJ

Key Words : &oflLZ] A& (thermal energy storage), 5212 Fof|A] A% A]AE](Sorption thermal energy storage
A} T (Leaf-vein fins), A|-2-2}0] E(zeolite)

oﬁl

system), CFD(Computational fluid dynamics), &2 &
" Corresponding author, E-mail: ajyoon@unist.ac.kr
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REC-O-1

olF 37 A3 IRY B4 ANE A48 T4

=2 v (o o] = v o
3 /E A9719 4% F7t

Performance Evaluation of a PVT Collector with Double Air Channel
and Heat Transfer Enhancement Devices

A, HAM FEf”, FZE

Geonyong An*, Hyeonseok Jeong®, Taehwan Choi*, Kwanghwan Choi**

Kwangam Moon***, Hwiung Choi*** "

. . s .
bl QB A TS ofsr, R Yet YEERge), el d et YE Ao

AT

JO{t

Abstract : El|Fof| ] 2| 9] §-8 Hof ZF sluQl EHO 52/ <4 (Photovoltaic- Thermal, PVT) A| AHEL.S PV H 50
A A A s Aol 379 S E2 ]% g-gsto] WAst= A oL A& Fetal AsE ¢
W g9, sANE A7), 94 4 o}\}'ol T Bt Al A 7R Al ARt o] T F 714
PVT A AELE 7|0l G2 dHEE&R Aol Yol Gt 8 &3 S7HA717] §8 B2 A7 %18
Eoj gt th32 A 0 2 A A E AR|sto] QA AleE FTAI 7= W sk A ol 1S v %] 5}
Y HHE Yo+ HH O] Utk olQlof| e 37 FEE v F= WA ol A ol H e =S
e Al Aol thgt At obF] mzlgk Aejolth whebA, & AtoA= olF 3] A E LA
PVT mjid o] s} A dof| HA GAY A A& 23 A|A"E AQtstar AA| AHE F5f oA
7E&S Frkstkarh.

%.u

Key Words : Elj o] X](Solar energy), Ej43/E Al Al (Photovoltaic/Thermal system), & &-8-(Thermal efficiency),
of|J x| & Z}(energy savings)
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REC-O-2

93 N2 44 959 o
A7 A

3714 PVT 299 @ ¢
LERR X

ol

Comparative Analysis of Thermal and Electrical Performance of
Air-type PVT Collectors with and without Perforated Baffles

TlalRtr, ZArmR ZRISPE 2R
Hye—ran Ki*, Sang—myeong Kim**, Jin—hee Kim*** Jun—tae Kim****'
*IyFTdia A5getat, *HggEoishal o U A Al Alg skt
s . A = IS Pl R
ik gt 1Y AuLE A S35kt of | R A Al sk (T k)

Abstract : 2025115 6] A 0] U 2| A5 B(ZEB) 215 o3} GAo] B HES Wof uzk LEAA) 2
oA 2ol A Aol U 4| S 28k ol 4] A e Aeo] obd B4 47} w3 ik @A) Sl

AEFEo M F2 A8 S AAtshe HFFEAEPY) Alado] 285 glov, Y3 8 39 5 5
8 oA =8E F=o17]0ll= A7 EA T ool wht T A e A Ao A 7] ef °f
b o Qe B @ SETAPV-T) 7leo] AL glon, JEtnt ofyet d ¥
= A= UA A ES FIAE 5 e 7R Hih e = FUhE A .

PVT A el = QoA o] S0l uwhet 37143 A4 o2 2=, o] F 5714 PVT 2 E s 27t
okal A St o] Ante e 7. 3714 PVT 28 Yol = g 85 /A
7171 7t FEB(HE)0] AR, ol= PVT & Aol A4 FF= A F A 84T
shuolth. FAT PV Bg Srof §1X|5to] Ko AR A& F7]ete] dugks F8f dEsh=
AL ek 53] B @ SRSt e o W 37 ol ERE AT EN e
X081, 37 S5 Brh wt oA 22AIA AL E dsE A = 3k

& Aol A B HlE ol whE 3714 PVT 285 9 & & :

ISO 9806 =0 whet &9 2ol A 3= o, AR 700 Wim™ o) /2] =20l A Al 7FA] 1350,
100, 150 m*/h) o2 =25}t

ot

ol

=

E

=
I

Key Words : 3-7]2] PVT A& g (Air-type PVT collector), @ EAl(Thermal performance), 17| £4J(Electrical perfor-
mance), EF5 & S & TH(Perforated absorber plate), ISO 9806
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3 A0LE O&MAI2] 75 7]e7E

Development of Solar Thermal Convergence System and Smart O&M
System for Industrial Process Heat

URS*, LT, axfer 5077

Yoonsu Kim*, Deokgeun Kim*, Jaeman Song**, Hiki Hong**'
*Ae g 7| Agea gk, *Eg s dsta 7] A5-5k

Abstract : B E-5| EHZ 55 A LEHE A HAIE B-gsto] b A o]ar A &2 Q1 Aoy A& A
APshs A SRR vy 28y i EAILEE 71 2719 He), AAREFSY] S+ 9] al A e
3t 5O Q% s Ast W o] EAYE 4= ik o = QIR AAIA A S Hastel] i E &
2150 A& A 9F Bt 7hs et A& A HUE | A A 9] H50] A otk &2 Aot ol 2 gt A
= | 43517] 98} 1oT 714 7|9Fe] 2ulE O&M(Operation and Maintenance) A] 28] B oFY-5] EH T
| Al2=dof 2853t "ﬂ/\i £ T AAREHolE R 242 ol A" 2 AEHE A
B s, a7 Ay Al AE3E )30l Tk st AA I o] & Sl A1 ES Blg A &
F aed Fe sAl ‘é‘“*ég—? 1041;]. AlQte AntE O&M/\]*E“ o FQ HH|o A AHE AA|
oz pR-EAskel g AE 9l Au] o] glo|Hu|o]|AE 55, o] & v e ® VA A

o) E3 2AHEH tﬂO]E-]%— F-GAIE(TOC, Total Operation
Center)2} $1A|5}o] A28 ] o] A&/ 7)ut #a] oo ZYPE L LE3lo] A}
PR R R S
< A WAs, A A Saa AT A8t 9 ghitol] 7o Zle 2 Zidie.
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Key Words : AF]374 & (Industrial process heat), &3 A] 2 8l(Thermal energy supply system), ol x| A}2(Energy
independence), 3] E 3 32 (Heat pump), Ell <& (Solar energy)
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Analysis of Heat Transfer Characteristics in a Solar Air Heater
with a Vortex Generator

Z|EjEF, HSIAM* otAR* Sgatopkk x|°|o**T

Taehwan Choi*, Hyeonseok Jeong®, Geonyong An*
Kwangam Moon**, Hwiung Choi**"

AEhE ERAEY gete, FA et §EE AR

=

=

Abstract : 37|24 BjFE A A7]= QuiAIQl 3715 o185t B FolU xS B-85t= 71E=, A4 H

ez}

= -
b AG7|o) )3 W] thgw Mu| glo] A% W Fol T sPsslh sHAu 379 W ddE
2 gt ago] Fof AHE s FAol Hasi & A W ol A Pt T shE

ﬁ%ﬂ%%%“ﬂéé%ﬂ@% = 47] Ao ot AAT A
FluentZ 3H-8-510] 915 A147]9] A%] 9]]2} )

A3k, 91 R A EE A A% Pl
k

=
ol 8218 99 3714 927

._-

‘3}0‘:0}71] o|F S Q"JOP“EP E3 A AL S 2= HFE 3714 JE7100 ebF 97 AR Al mat
xqo1 ,k]/\E-ﬂ _g_% SFAFS o]%_/’,\_ 9lo-2 Flolalel 11, 3k & v thokst AR oA A 2 ol vy

Key Words : ¥ 2714 F ¥ 7] (Solar Air Collector), 2} A4 7](Vortex Generators), A3 3} 4] (Computational
Fluid Dynamics), o|| 1] X| 4 2F(Energy Saving)
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g
Multi-functional PVT Sound Barrier Technology for Combined Power
and Heat Energy Production

SEA

LAt

=)
—_

z
AR
&4 oA 7]

t}7]1%54 PVT
B EE PEste] A2

Rl
A 754 /N PVT
&0] oF 6% ] owEJO* o, Tho] MA G OF 400 Wt 0] 4] DUl A&
o A A8 7Hs & Sstgint 53, Sl WS
A A= ﬁio;g}gﬁ\_

Eunchul Kang
gkt 2] 7] 4 AL Y, oA
Abstract : =] AN A Hg stofof =7 247k 5 B3 EAS 16l okt &
o] Q7% 3L Qlok. 2 Aol A= g PV B A D (Thermal) 2 gHet PVT(Photovoltaic
& Thermal) 7| &-& L& H&%ﬂ Aygsto], a5 Ay @7 A A F oA Y H5 gAto] 7HEst
W59 7S sttt o] 7] = 71%—‘%—%@,94 712 7158 g A-E e
FEA 7= 5 Aloll, PV EEA 2% A Eol I aEsS NSk, o ES Blgeke] &8 4 3l
e BEE 2345712 30 dB o) S5 571541 0.7
= A 7122 E A ABskoinh e Al FY 7] 2404 7] PV oiH] &
YA 4= Q32 Selsel Tt
=, s A o 71EE
T AX dol & 2
= #eje} A

ok 2 7]& 9]
32 A
o A

o)
T AlE Aol 3kWed PVT H
o= e 2

A} A=
ol FLA]Q) ok 2 A Al Hlct,

S T
(Soundproof), PVT Z-E(PVT module), A Aol 1] 2] &

E?_}_—’
85151.0.0], TRL 6 o]
1,000 km o]/Fof| A #-g-o] 75 A
AR AHEE F3AE 5ol 7] 4
Key Words : E| %334 (PVT; Photovoltaic & thermal), B2
(Renewable energy convergence), &8 3FAf(Efficiency improvement)
FARIS] A 2 wro} 43 AT Uk (A
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Analysis of Building Energy Performance Contribution of
Semi-Transparent BIPV Window Systems Applied to Apartment Units

OFX|gq* 7] |.o:| Z1X]
oL-_o , d o

. URIE AR

ol

Jinyoung Yang*, Hayoung Kim*, Jinhee Kim™*, Juntae Kim

RN S e LT ISEIL IERA P E N
) PN SE LR ATE A% 8} o U 2| A 28 8o (e e e)

*okk T

Abstract 1 --2|U2h= 20301 71A] 2018 thH] 24 7FA WSS 35% 5517] Slol A5 FmolAl A
2olUA] A 9 2AVIA 5 18] AR AR NFE(ZEB) 9F3E FXIskaL Qi) oof whet
2025 F-E] = 304 1”—4 A& FEFYo| ARUR|AS oAt o = A=, A5 % ol o
St A Y Ao B Ao e 4= Ql= AEYAE e J=HBIPV; Building-Integrated Photovoltaic) A] 2~
gl o] A At 7F 2715k 9ok ey 2 248 ASEL =0 RuAu| R o E BIPV A| A A
WPOEL Az AASE 5ol 283t oAHAAFEES 57| o gt o]of whet A3 A
33 PV 50| Z83F BIPV A5 A| Ao tfgl HAlo| tEE 11 Qich 2348 PV HES A8 AYAL
ol o} i} AHES B ol 52 SIS AU 2 Slot i el vsh A ok
(VLT; Visible Light Transmittance)} ﬂ{ 4 HEE(SHGC, Solar Heat Gain Coefficient)o] o} A-&4
RS2 2711 7) 4= Q). wheha] FEZe o 22¥ B35 BIPV 33 A A8 o] 7 E o] 1] x| Al 50| 0
A el et o] Basht,
2 dAFollM = 559 G E e = 5475 BIPV oA AH A8of & AEo||A| 5 W
3= 245193t} DesignBuilder £ 2 13- 3+-8-5}o] Aut 235 9} BIPV A S A| A H] 28 H oo 2 Y
el RskE Bl RAstgon], A B o)A AT Higko 2 BIPV A5l sule] wHak] e
oL A7) 0] =2 BB}

Key Words : 3538 (Apartment Building), BIPV % & A]| 2~ E](BIPV Window System), T] X} 21 ¥l & (DesignBuilder),
A} 5] (Heating and Cooling load), o] X] 7] ¢] = (Energy contribution), A|& )| ©] 4 (Simulation)
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NEFo)|AE E3 TAT AEo 24E BIPV AAHY
ESS 94 a3 84

Simulation-Based Analysis of ESS with a BIPV System in a Library
Building

o

=% * =|%% *kck T
OQI5*, AMT* LTS, ZFe
Ki *okk T

Inho Lee*, Sangmyung Kim*, Jinhee Kim™*, Juntae Kim
e aFista oA A Ak}, FHEaEgasta oA 7| &d Tt A,
ety st I AULE A S35t/ of| U A A| A8 sk 8H4)

Abstract : A= 201743 A 2| YR AZEFAS A5}, 2] 1000m” o]Ae] F-5AES A2
O 8 HEAE B iSsHe Al th AlZou A R 3HE dAA o' =315l Qlct. oo whet
A=9 AU A A ES 25| fall A= A &S =3stHA o | A AR 7Hsst A= o
A& €l &F3H(BIPV: Building-Integrated Phot voltaic)A] A8 Q] A 2| W 4= Q 7} 2715431 Qlth. BIPV A| 2 H]
2 YAfof| w2 WA MEAo] A, AEe Y anet A B4ty o] Aste] Hdg AEFael
FHA 7} Az oj i &) A 4H] Kt BIPV A|Ag] 9] M o] who] AiAkE A] o) ojddgo] Ay s
Al Fck I EsHA EATE ol Yol AAE Al e E AEE A9, Als Aol A= o] BIPV A A
29] 7hs A 22171 F8ll A 4= itk o] & <al ejekgolA A Mol AEel S A X5k &
A2 A 7kad] Ago] FojEo] AutA 02 A9 of| v 2] A E /ol A7 At ahebA Als
O] A A= A E W A7FAH]E S 918l BIPV A A"l o A WA= J o A g-& A 4s)aL
WA gko] BE53E A7kol= o] & 283 4= %)= ESS(Energy Storage System)2] 14| 7} & @ s}rh.

2 A= BIPV A A" o] 285 = AT 7AE2] AF do| B & B% . = DesignBuilder 2= 7151-& &
slo] ESS AA| Al Joidy 28 9 &0 AHEY AptadE 4 s S48 B3 A4
551 £/ 3} BIPV A AR o] ¥ ef H3HE a1e{sto] ESS A8 H$ A5 vl aLstelct.

g ofo

Key Words : BIPV(Building-integrated photovoltaic), A!5%-%(Demonstration study), )¢ 2] (Surplus power),
DesignBuilder, ESS(Energy Storage System)
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AA3 A

Optimized Design of a Supersonic Axial Impulse Turbine for
Small-Scale ORC Systems

HEXFR* Zg T
Ja Woon Park*, Young Won Kim*'
PR SA LY AU LIS

Abstract : 7-7] ufj 2 A]2Hll(Organic Rankine Cycle, ORC)-Z THFRE AFQ] 54 oL} F7] ko] A |
stz H Y2 HE % E-ﬂ‘%* APk 4= 9=t A Q1 A oA A 7]t} ORC A| 2Bl A 37 o] A
W AA = AA A D BEol AHAQR S vA M, 53] aqtE A2 Y 2o A= LB E
ﬂ“—J B737) o] B4 ojtt. 2 Aqtof| A= &gt ORC A| ARl &8 7153 254 553
SE] " (axial impulse turbine)®] 2| A3} A A YHE Xﬂ/\]fi}oﬂt‘r AA AL 12y JJ‘—E-/,‘j(mean—line)
HZ]],CFD _Hr@“_(:)_g]l-x% /&g OH/AQ }_%}o}oq E]u]_4 /\% _,,]x%ﬂo}oﬂr/} CFD OH 75_1_]. /qu] gx{)\
= 35,000 rpm, K] 7.5 24 A A SA = R1233Zd(E)—- AFE-E Ao EjHIQ] SR E 2N g8
80% o] Atof] mEe Ao 7 o=E Q) s B W2 x}7] A $H(magnetic couphng)O] 8= g HEE7
ZREEYO 4 Q4R AAE G ow, A 11 kWe| A Ag4bo] 7Hasitt 2 Ate] b= 47
ORC A|A~H19] 118 &3} 9 BAMY oy x| 2§ tfjof 7]o{gt A 0 & 7|t &t

ot Rl 1% ox

Key Words : 37| 3 ul] 24 (Organic Rankine Cycle), &HFE|QI(Axial turbine), ®| & (Waste Heat), AIAJAY oL A
(Renewable energy), o| 4 A] 8} 2~ ¥ (Energy harvesting), 2~1F 5 &% (Small-scale power generation)
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Heat Transfer Performance of a Solar Air Heater with Quarter Circle
Obstacle

HMEA* OtA*  R|EfEN 2o x| 5|

Hyeonseok Jeong®, Geonyong An*, Taehwan Choi*,
Kwangam Moon**, Hwiung Choi**'

AEhE YERRT gete, FoA et §E R E T e

JA 2 Wakshe Al2E 02 F7hY, A
9Lo] B 4| 2go] u]3) 727} 7heistol
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Key Words : €] Fo]| 1] X](Solar energy), B &F & A| 2l (Solar thermal system), 57| 2] B]l¥E 7}< 7](Solar air heater),
ol U] Z] A ZH(energy savings)
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A Study on Renewable Curtailment and Peak Load Mitigation Using
Power-to-Heat Integrated Demand Flexibility Technology.

eSS
Jang—Hyun Cho*", Won—Chul Choi*
*Arhaelop

Abstract : 240l 7] ¥1% Shejel Ae4a.0] A A7k BEL e ARk v 2ne) o) vl g
A0 A7 AUk B AT A7)-o ARHPADT Ao AAHTES)S Aee 486914
(Demand-Side Flexibility) o}7] €42 A|qkalol, QJo] Aee] H4=#47} 92 A] Axs} 4712 Ea) 7
£ obgslol ATt ES BA Sl ATS AART. £ ZHoAL fXd =91 7 HAsie
-2 7k Q14 Aok Aejat AAE WL S, A 0.8 7Hbe] Hex¢(thermal VPP)©.2 Fof

o B A S A0S A go] Folshs 28 RES AT B ATl AUy $49 TF &
A hAL 7] BEe] A AT A o 8 B S E LA 02 ABFANE IS A8 Sa

e 2EqS AR

Key Words : & o]\ X|(Thermal energy), 4=-8.32] (Demand-side management), & U] E £ = (Thermal network), A1 €] 7|
Z-7(Sector coupling), =G A] 2~8ll(Thermal energy storage system)

T Corresponding author, E-mail: sundakorea@hanmail.net
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ESS&SC-O-1

Development and Thermal Stability of Hydrophilic Phase-change
Millicapsules with Radial-conductive Frameworks

SAT* HEF*, FM*T, AT
Su—Jin Yoon*, Youngkyun Jung*, Jae—Woo Choi*’, Sarng Woo Karng**'
eyl ed Y EAYEEATE, eyl d Y AETs s AT E s

Abstract : 2| 47153k oY 2] EHS 919t Fof| 2] W] E 9] = (Thermal Energy Network, TEN)2] 2H-§-0]
St =] a1 9l o1}, A=Al T} Ab 3 52 (Phase Change Material, PCM) 9] =2, WHE-2] GAafo] S0 4] 2] L
Z22 a7 45 P& Asligttt. o & dl A str] {8l 2 Aol A= XA st anE A} 2|7y
< (Hydrophilic Phase-changing Polymeric Millicapsules, HPPMs)2- /4 A|- | 25} th. HPPMs= HHAFE &4
A T AL 9} oF 80%2] th3AS zha 18R A2 PCME ¢HY A o 2 7<43]5}1H, clinoptilolite
(CT) =25 EYsto] EAEEQ} 7| A Ytd2 Ao Az B3k X3 B2 et 34
< & PCM & #9AE FEstL 55 aaF o8 A5G o, do]2(thermal hysteresis)>
31°COA] 3.7°CR 4% Z7hohe 4202 §AF0] 94 A SHYAIS Tlssick A 72 4l
2442 1,0003] o]/9] s}t HAato|Fo| A e &4 glo] f-A =L, JE A% S mE d3Y &
‘Jo] A E T & A= HPPMs7} TEN 7|5}t Hof| | 2] A% A ARl A La & 44 &
el 22 A AL 7Hs S A" dSskelth

i

Key Words : 3L =2 (PCM), Y|, Govx] A%, €49 &4, W4
TCorresponding author, E-mail: plead36@kist.re.kr, libra@kist.re.kr
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AT SANT Sease 0% AL PoH
(Power—to—Heat) A%

Industrial P2H (Power-to-Heat) Demonstration for Power-Grid
Flexibility and Decarbonization
SEREMT, SEET, olRS*

TaeRyong Park*", Jungyu Han*, Wonho Lee*
*GSuHY FA 3] AL

Abstract : 2 Ao A= S| EF e} AAA ALEE 55t WA 2HE Ao Ak ARstaL,
Hop7] 5’4 SE Ao A7E 8ok J‘d% ower- tO-Heat(P2H) 7] % Ao s EHEE FHL
23 AR B A adle 5] Wt 28 A0 AATSEAL, R Hir ks B S
ZA oUA] A& Eolal HaulE —%XV:P%*—’F Ut} S| EF 2 Hopd 7|y Ao 1715 Gl
A= dghs) A%, 8o 2n Y AFol #A4de Folske sAloll FAIA e E44te] 7S
O 3 Doflu A A% x| o A8t & 8.0k 3 v o] 7P—°PD1 44 29 EAF H Ao
71&& Aokl AAIRE Y 2 A stel A SRt & A4S SElA A A4 FEet A

G GELASHE A ST 4 G P 7140 e TS ANS, Gt ARerE 9
o % mAl S A AR,

Key Words : P2H(Power-to-Heat), Fghof| ] X](District energy), 3] EHZ(Heat pump), & ol &|*7AA}](Thermal
energy storage), | ] Z] 4 3H(Energy optimization)

" Corresponding author, E-mail: taeryong.park@gspower.co.kr
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ESS&SC-0-3

Modeling and Simulation of a Thermal Network Using Power-to-Heat
Equipment for Building Clusters

Muhammad Faroog™**, Byung—Ju Lim™*, Sung—Hoon Cho**, Ga—Ram Lee™**,
Si—eun Kwon*** Chang—Dae Park***'

*University of Science and Technology (UST),
#*Korea Institute of Machinery and Materials, Liquid Hydrogen Technology Research

Center, Carbon Neutral Energy Machinery Research Institute

Abstract : The rapid expansion of renewable energy systems poses challenges for grid stability and energy
balance due to their intermittent nature. To address these challenges, integrating reliable heat and electricity
storage with power-to-heat technologies has become essential for building energy networks. This study focuses
on the development and demonstration of a thermal demand management system for building clusters that
integrates heat pumps, thermal energy storage (TES), and electric energy storage to absorb variability, shave
peak demand, and enable gridresponsive operation. The system operates under multiple modes — including
TES charging/discharging, direct load supply, parallel or cascade operation — depending on load conditions,
TES state, and demand response signals. Operation modes, control logic, and operational scenarios have been
defined, and a validated TRNSYS simulation model has been developed. Ongoing work will involve year-long
simulations to align electric and thermal scenarios, optimize operating strategies, and identify the most efficient
and flexible demand management approaches. The outcomes are expected to contribute the development of
optimal, grid-responsive, and economically efficient control strategies for electrified building energy systems.

Key Words : Power-to-heat, Demand response, Energy storage, Heat pump
"Corresponding author, E-mail: parkcdae@kimm.re kr
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Development and Validation of a Heat Demand Forecasting
Algorithm Using Machine Learning Ensemble Models

= * AploxT
T'__)g“jl_l , T'__%:'_I_

Jungmin Moon*, Myungwoo Son*'
o7 &Y AloU A ATAlE

Abstract : 7)3- 5}e} o %] A1 sfgle] BEpAA 0] 7ol we, ©h] A4S FUslA o Zake
71%0) Ware] ST k. B AT A&, 9ok, LA, 9V LR, H% 5 B w9l A4 dlolg
B 200l 142 13 A0 daste gueize IUsn 1 45e B3I ol e
& ) A|H, o] 8 Lejet |2 o v x| Azt ek
] B8 A 0% AUstn F8 BES Wit X

slof tﬂolHJ S FEsHl o, &4 Jﬂ%% ol AEE Ol**xl £ AlASIL Sk Hre
245 EQPO}‘I‘E} ERL o5 H 2 5 IHESE Ak 9729k &
EA aH:l L‘X-l L]—H]—E }\]7]— _7’:7] \:l 7]/Ko ] /\]7]—1-1 UHELQ_ H}—Oﬂ ol.Oﬂ 01:1:1 ZlX—] 1}\]
Zh ol q A AHg- 2 71 o] 5 F A= 74 A5 A5 2 &-8-E it el ©hA of| A= ExtraTrees, Ran-
domForest, HistGradientBoosting, SVR 5 Z}2+9] H{Al2|yd 7| ¥ A]-8-3}11, &7 Hat GAESHY

Ei‘>

H= 170

QPAH ZS Stk AW Ak AlQhE AT EE MAPE 7.28%9] o] A S IAIshert.
o= T 7] B thu] ofn] Qi AMS B On, A e o 20) AP S ol o AA AL
Qsheieh & s 2ol 79 54t dlole 7]uk B4 71HS §s) Qs A2 Shusta, thobet
wdo) e vl mYo] BAE Bt on], A4 2o ol i 45 B B 48 7Hs
38 AFsteic. webd AlRhE Z1He A% U] Bl D A ALY Sgel A AR xS
S B AR QAT 43 N0 R gE ol A K el B AR T
& Ao 7|hHet.

Key Words : <=2 9= (Heat demand forecasting), ™A1 & UAFE (Machine learning ensemble), of| L 2] I-2] A] A
Bl (Energy management system), ©2+$] All A o] ©] €] (Minute-level sensor data)
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ESS&SC-0-4

Azdole 78 3559 PV Yoy F4& U ESS
$% AA3lel BV 94 24

Data-Driven Optimization of ESS Capacity and EV-Integrated
Operation for Utilizing Surplus PV in Multi-Family Buildings

ol2m*", Eanl* Zy|e*
Eunkyu Lee*', Hyunmin Nam*, Kinam Kang*
A

Abstract : Stricter greenhouse-gas regulations are driving a growing requirement for on-site renewable
generation in new buildings, most notably accelerating the deployment of rooftop photovoltaic (PV) systems.
While modest PV capacity poses little challenge, large installations can create periods of over-production due to
the intermittent nature of solar energy. An energy-storage system (ESS) is therefore essential to utilise surplus
PV power more effectively; however, the high capital and maintenance costs of ESSs often undermine their
economic viability. This study analyses one year of hourly electricity-demand and PV-generation data from the
common facilities of a multi-family residential complex, quantifies the resulting surplus energy in a real-world
setting, and determines the optimum ESS capacity under these conditions. In addition, electric vehicles (EVs)
are treated as mobile distributed resources to explore strategies for minimising building electricity costs.

Key Words : A& ©f| X|(Building Energy), ol A] #A& ZX|(ESS, Energy storage system), A 7]A}5%}H(Electric
Vehicle), 7] 8 F(Electricity cost), & ¢] 212 (Surplus electricity)
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The Conceptual Design of a Data Center Cooling System Utilizing
Floating Photovoltaics and Liquefied Air
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Energy-Efficient EV Battery Thermal Management Via
Metal-Foam—Enhanced PCM And Micro Channel Plate
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Muhammad Dail*, Young Won Kim*'
el EA v e |

Abstract : Previous studies on hybrid battery thermal management systems (BTMS) combining phase change
material (PCM) and liquid cooling have largely been limited to small-capacity cells and low C-rates. In this
study, a real scale 20 Ah NMC pouch cell is investigated under practical operating conditions of 1C, 2C, 3C, 5C,
and 10C discharge at an ambient temperature of 25°C. Experimental characterization provides heat generation
input for a conjugate heat-transfer CFD model to evaluate cell temperature rise, spatial non-uniformity ( A T),
PCM melt fraction, and coolant dynamics. The results show that PCM alone can effectively regulate
temperature at low C-rates, but at higher C-rates it fully melts, losing heat absorption capacity and allowing
hotspots to develop. Water-based cooling improves high-rate performance, but strong thermal gradients across
the cell lead to increased A T and local hotspots. To overcome these limitations, a hybrid PCM—Water system is
examined, where PCM buffers transient heat and water flow controls steady-state rise, resulting in reduced peak
temperature and A T. However, due to the low thermal conductivity of PCM, local non-uniformities persist. To
address this, Copper Foam—Embedded PCM is applied, significantly enhancing thermal conductivity, lowering
both maximum temperature and AT, and ensuring more uniform thermal distribution. These results
demonstrate that the combined PCM-Water-Copper foam strategy provides a compact and energy-efficient
approach for real-time EV-scale pouch cell thermal management under practical high C-rate conditions.

Key Words : X|&7153F vljE]2] &3] (Sustainable battery thermal management), --2] & 733} (Copper-foam—
enhanced PCM), ZJAJ o R AA| ofu]X] # A} (Renewable-integrated energy storage), & of| U] x| &A¢
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Al-driven Exploration of Surface Treatment Materials for Perovskite
Solar Cells
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MXene-Integrated Hierarchical Ni-Co Sulfide Catalyst for Durable
and High-Performance Oxygen Evolution
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Abstract : The development of efficient and stable catalysts for the oxygen evolution reaction (OER) is critical
to enhancing the performance of water electrolysis systems. Although noble metal catalysts such as IrO, and
RuO, exhibit excellent activity, their high cost and scarcity hinder large-scale applications. Transition
metal-based compounds, particularly sulfides, have emerged as promising alternatives due to their abundance
and intrinsic redox activity; however, they often suffer from poor conductivity and limited durability. In this
study, a hierarchical NisS,/CosS4@Mo,CTx@NF catalyst was engineered through a multi-step hydrothermal
process. The Mo,CTx MXene, known for its outstanding conductivity and strong metal-ion adsorption capacity,
was first anchored on nickel foam (NF) to form a conductive backbone. Subsequently, a NiCo-layered double
hydroxide (LDH) precursor was uniformly grown and converted via sulfurization into a nanostructured Nig
S,/Co3S4 composite with a three-dimensional porous, flower-like morphology. This architecture provided a
large electrochemically active surface area, facilitated charge transport, and minimized interfacial resistance,
leading to enhanced OER kinetics. The optimized catalyst achieved an overpotential of 270 mV at 10 mA cm™
and 310 mV at 50 mA cm™, maintaining stable activity over 50 hours of continuous operation. These results
highlight the synergistic integration of MXene and transition metal sulfides, offering a rational design strategy
for high-efficiency, non-noble metal OER catalysts suitable for anion exchange membrane (AEM) and alkaline
water electrolysis applications.

Key Words : W Al(MXene), YZ- FHE 3F31-E(NisS,/CosS.), A4 BFAYHE-S-(Oxygen Evolution Reaction, OER), 29|
2 w3 Anion Exchange Membrane, AEM), =74 3} (Water Electrolysis)
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Development of Ru Doped NiCoSe Selenide for High Performance
OER Catalyst
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Abstract : Hydrogen energy is considered a vital component for sustainable energy systems because of its
environmentally friendly characteristics. Among the various hydrogen production techniques, electrochemical
water splitting stands out as a promising method. However, its large-scale implementation is impeded by the
slow oxygen evolution reaction (OER). To overcome this challenge, we have developed Ru-doped NiCoSe (Ru-
NiCoSe/NF) catalysts, which are grown on nickel foam using a straightforward hydrothermal process, followed
by the incorporation of Ru.

The addition of Ru significantly modifies the electronic properties and enhances the interaction with OER
intermediates, leading to better intrinsic catalytic activity. The Ru—NiCoSe/NF catalyst demonstrates excellent
performance in OER, with a low overpotential of 285 mV at 50 mA cm™ and 360 mV at 100 mA cm™. Additio-
nally, it features a low Tafel slope (230 mV dec™), a high electrochemical surface area (C_dl = 17.2 mF cm™),
and minimal charge transfer resistance. It also shows stable operation at different current densities.

This study emphasizes the significant potential of Ru doping in enhancing multi-metal selenide catalysts and
provides valuable insights for the design of next-generation electrocatalysts aimed at achieving energy-efficient
water oxidation.

Key Words : Z4=420]| ] X](Hydrogen Energy), AFA~2FAHE-S-(Oxygen Evolution Reaction,OER), T+ ¢}(Overpotential),
Z Zo| &4 Al L}o] & (Multi-Transition Metal Selenides)
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Embedding Single-Atom Catalysts in Activated Carbon for Enhancing
Zn-1, Battery Capacity
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Abstract : Aqueous zinc—iodine batteries (Zn—I, batteries) have garnered increasing attention owing to their
utilization of water-based electrolytes, which greatly mitigate the risks of fire and explosion. In addition, their
components are composed of earth-abundant and cost-effective materials. Nevertheless, during the charge—
discharge process, iodine undergoes conversion to polyiodide species that diffuse toward the zinc anode driven
by a concentration gradient. This diffusion induces self-discharge and capacity decay through undesired side
reactions with the zinc metal. To overcome this challenge, we developed a transition metal single-atom catalyst
(SAC) via a facile solvothermal synthesis followed by post-treatment, and employed it as a cathode material.
The introduced SAC accelerates the redox kinetics of iodine and efficiently suppresses the iodine shuttle effect,
thereby mitigating zinc anode corrosion. Consequently, the optimized cell exhibited a remarkable enhancement
in electrochemical performance, delivering a specific capacity of up to 316 mAh g and maintaining a high
coulombic efficiency of approximately 90%. This study highlights a rational catalyst-design strategy for
improving both the performance and long-term stability of aqueous Zn—I, batteries.

Key Words : o] X A %A 2Bl (Energy strorage system), ©}1Q @ = vjE E](Zn-I, battery), U LR}=1l(Single

atom catalyst)
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Efficient Photoelectrochemical System for the Production of Green
Hydrogen and High Value-Added Chemical
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Abstract : Solar-driven photoelectrochemical (PEC) systems have emerged as a promising platform for
producing green hydrogen and enabling sustainable chemical upcycling, offering solutions to pressing
environmental challenges such as global warming and resource imbalances. Among various materials, organo-
metal halide perovskites (OHPs) and organic semiconductors (OSs) have attracted growing attention due to their
excellent optoelectronic properties, low-temperature processability, and tunable functionality. However, their
vulnerability to moisture, heat, and photodegradation presents major hurdles for long-term PEC operation. In
this talk, two advanced PEC systems based on OHP and OS photoelectrodes will be introduced, each demon-
strating breakthroughs in stability, efficiency, and functional versatility. First, highly stable and efficient OHP-
based photoelectrodes were developed using eutectic gallium-indium (EGaln) alloy encapsulation, which offers
complete protection from external degradation while enabling efficient charge transport. These photoelectrodes
delivered a high photocurrent density of 21.2 mA cm™ with minimal voltage losses between photovoltaic and
PEC modes, maintaining excellent operational stability over 100 hours in acidic electrolyte. Building on this, a
dual OHP photoelectrode system was fabricated, achieving the highest reported solar-to-hydrogen (STH)
efficiency among OHP-based PEC systems. Second, a bias-free PEC upcycling platform was developed to
simultaneously valorize biodiesel byproducts—nitrate and glycerol—into ammonia and formate. This system
integrates a bifunctional Ni-Fe-P electrocatalyst with OS-based photoanodes and photocathodes, employing a
metal-foil encapsulation approach for long-term stability under continuous solar illumination. The dual-photo-
electrode configuration exhibited a high reaction current density of 11.04 mA cm™ and >95% Faradaic
efficiencies with excellent selectivity. These results collectively highlight the potential of next-generation PEC
systems, combining material innovations with device engineering, to achieve stable, efficient, and bias-free
solar-driven hydrogen production and selective chemical upcycling.

Key Words : 337 7] 3}8H(Photoelectrochemical), 33 =-(Photoelectrodes), 1571712 318 (High value-added chemicals)
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Structural Stabilization and Performance Enhancement of NiMo-Based
Catalyst via Fe Doping for AEM Water Electrolysis
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Abstract : Anion exchange membrane (AEM) water electrolysis offers a promising route toward efficient
hydrogen production using non-precious materials. Nevertheless, the severe alkaline environment and high
operational voltage often lead to catalyst degradation. Herein, we report the development of an Fe-doped NiMo
catalyst supported on nickel foam (NF) via a facile hydrothermal synthesis combined with an immersion process.
The catalyst presents a nanorod structure that provides a large electrochemical surface area, resulting in
improved activity and structural robustness. Electrochemical analyses revealed that partial Mo leaching during
the oxygen evolution reaction (OER) facilitates the generation of active Ni(OH), species, enhancing catalytic
efficiency. The Fe-doped NiMo@NF catalyst delivered an overpotential of 1.526 V at 100 mA cm™ and exhibited
exceptional stability, with a degradation rate as low as 75 uV h' over 50 hours. When integrated into an AEM
single cell with a PiperION membrane, it achieved a high current density of 1.6 A cm™ at 2.0 V. Overall, this
study highlights the potential of Fe-doped NiMo@NF as a durable and high-performance catalyst for next-
generation AEM water electrolysis systems.

Key Words : AEMWE(Anion Exchange Membrane water electrolysis), NiMoO,, Nanorod catalyst
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High-performance Mo-doped NiFeS Catalyst-enabled High-efficiency
Anion Exchange Membrane Water Electrolysis
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Abstract : In this study, a Mo-doped NisS»/FeNi>S4 hybrid nanocompositefeaturing a nanosheet architecture
was engineered as a highly active and durable anode electrocatalystfor anion exchange membrane water
electrolysis (AEMWE). The optimized catalyst exhibited remarkable oxygen evolution reaction (OER) activity,
achieving a current density of 50 mA cm™ at 1.45 V vs. RHE, together with excellent stability over 50 hoursin
alkaline medium. Moreover, integration of the Mo-doped NiFeS anode with a Pt/CC cathodein a complete
AEMWE cell delivered industrial-level performance, maintaining 0.5 A cm™ current density for 100 hoursof
continuous operation. These findings underscore the robust structural stability and practical viabilityof the
Mo-doped hybrid system, paving the way for scalable, energy-efficient, and cost-effective hydrogen production
technologies.

Key Words : Mo doping, nanocomposite, anion exchange membrane, nickel-iron sulfide, AEM single cell, piperion
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Efficient Electrochemical Nitrogen Reduction Utilizing the
Wadsley-Roth Structures of TNO@C Microspheres at Ambient
Conditions
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Abstract : The electrochemical nitrogen reduction reaction (NRR) is an attractive approach for sustainable
ammonia production, which is anticipated as a potential carbon—neutral hydrogen carrier. However, compared to
the competing HER, the NRR suffers from a significant drawback of low selectivity and conversion efficiency
due to the high negative potential driving the NRR. Therefore, developing optimal electrocatalysts that inhibit
HER and promote the NRR is crucial for the electrochemical synthesis of ammonia. In this study, we demon-
strated that TiNb,O;@C (TNO@C) microspheres with Wadsley-Roth crystal structure are efficient NRR electro-
catalysts. The prepared TNO@C microspheres were calcined at controlled temperatures, and their electrochemi-
cal performances were investigated in different electrolytes. The cationic size effects and the pH of the
electrolytes were analyzed to actively influence the NRR activity. The prepared TNO@C electrocatalyst exhibits
high faradaic efficiency (13.11%) and ammonia yield (0.62 pmol h' cm™). The prepared TNO@C microspheres,
featuring Lewis acid sites from the Nb cations and oxygen vacancy (V,) -coupled Ti cations, can effectively
enhance the NRR performance of TNO@C electrocatalysts. Furthermore, the in situ and theoretical analyses
reveal the associative NRR pathway, and the purity and source of the produced ammonia were carefully
verified.

Key Words : %17]3}8} 21| (Electrocatalyst), 2 4 ¢ (Nitrogen reduction), %51 o} A4+ (Ammonia production), £}
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IT Solutions for the Climate Crisis
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Development of Water to Water Heat Pump and Reliability Testing
Equipment and Heat Pump Application Technology
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Roof-type BIPV Technology Trends and Future Challenges
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Development of a Reinforcement Learning-based Control Framework
for Field Application in Radiant Floor Heating Systems
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Hot Water Heating Energy Saving by Hot Water Temperature Control
of Gas Boiler in Apartment Units
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Abstract : Hot water energy consumption accounts for about 31.9% of total energy consumption in apartment
units. The importance of hot water energy in residential buildings is expected to continue increasing because of
the upcoming mandatory of zero-energy building. This study proposes a control method for saving domestic hot
water energy in individual heating systems using gas boilers. To evaluate the potential for hot water energy
savings through this control method, a mock-up test was conducted. In the housing, occupants use the
high-temperature hot water supplied from the boiler at the faucet or showerhead terminal, mixing it with cold
water to adjust it to a warm temperature suitable for user comfort. In this study, the hot water temperature
control algorithm is a control method that lowers the set hot water temperature to a predetermined lower value
when external conditions are met, or gradually lowers it at regular intervals. The external conditions addressed
are outdoor temperature, room heating operation status, air conditioner operation status for cooling, and indoor
temperature. The mock-up test was conducted in an 84m’ apartment unit. Hot water usage schedules were
defined as scenarios, and hot water energy consumption was measured based on actual usage to analyze
potential savings.

Key Words : 3525 (Hot water temperature), {5 (Domestic hot water), J50J| 1] X| A ZF(Hot water heating energy
saving), 7}AH A2 (Gas-fired boiler), B4 H|AEMock-up test), =% A|o] & i18]|Z(Temperature
control algorithm)
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223 725 448 AEHLY 4% B BF 97

Investigation of the Performance of a Heatsink Employing a Spring
Structure

Hyeon—Min Kang®, Se—Jin Yook*'

s 7 Ao

<)

Abstract : 2 150 3= AT R 7]uh Arel 7|49 2 Ao R, 5lEga e g
T2 Y40 2 AT ARY TEE AU AR B AR A5 24T A

glom, 78 A WA, S0, m2)o] thal ¥ EHHRSM)S 2 §-3ko] 22 2]

et 2|28} A, |57kt S ge) Hols uf$ Hof muo] Aol BhelE gk, 2
WIBHA A A% vl 3 A}, 90° 24| 712 wE o] AAFo] gt FA7}
Py 3RS B4 SHY S 98-S SIskilnh of&e] M7 2 wsto] T
A3k, 90°014] 7P 945t A 5-S LrERd BHE 180°0] A= 55 rgto] AJskelof A%
Lolelgt AT A3e 27} Uedl B4 WRNIO R E W H%S VO R s
Ful, Jetel NEE AT} R PE L 38 Lopol MY A g 7ML A G,
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Key Words : 5] EA] F.(Heat sink), ]2 /7| (Design optimization), & *]&}(Thermal Resistance)
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—

BES-P-4

27149 3439 Ago] AEFHE LED 57179
g UL G B 47

o
Effect of an Additional Metal Plate on the Heat Dissipation
Performance of LED Fixtures for Plant Factories

AT AT MR

Seok—Ju Hwang*, Seung—Min Heo*, Se—Jin Yook*'
“gkapel ki 7] 3k

Abstract : LED 21 9] Q1 2%l A5 FA1& ¢I8ll A<= LED &Afo| A WA o= IS vt

= Ao] Fasrh i Ao A A5 LED 57170) el A%e e

S ARS8 Tl S ARIL, 2 RS AR A4S Fo) At A

15 2k 36049 2315 bod 8 AN PG G0 A8 1l T F A s

7R HES 7)1 Bl vl A% Ak, 5 7)o Yol AAA 58S AR A4 LRA

98 A0l 7P S4ak A2 Uitk of AAls wrdwte] W S SRS 5% ol WL, 57

T A Y 2= B2 E 7PY A UsH S AIAFH T o] = g4 To] A0 A& EAA 7| AL AFA o &
£ X5t W 450l 7iA = 7] ufFolth

A

o

1=
=

Key Words : LED Z"(LED lighting), 3] E 4} Z.(Heat sink), A]& 3%}(Plant factory)
" Corresponding author, E-mail: ysjnuri@hanyang.ac.kr
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Low-E 29 7o) m& 132239 oyx 454k
A7 A5 U 97 B A

Energy Performance Evaluation of Vacuum-Insulated Glazing with
Low-E Coating Layouts: Full-Scale Field Measurements and Annual
Load Analysis

OIFEE* AMH*, Z2F* UsH, *!

Junyoung Lee*, Jaewon Kim*, Eunho Kang* Dongsu Kim*, Jongho Yoon*'
e s las A Ag e

o

Abstract : A= o4 %] 9] 34%E A Aol AE FE A A5 o] 1 A5sH= PaF ot} 7]%—*&%%

b

o) BAE J2sb7] 915 A58 2482 FEESY TR ek AR Gk wd Aol 4

S ] 8.6 5] SAHEANSHOO S0, i 1] S A oA, 2
B ARYF 2O 25121 BeI 4 Stk B/ E Aol olefel WolA 2 S

2= A3 Ak A3 W) S A e ® Bl Brtetkal, 1Y
0ol 2 2 TS Fsto] 1 tbi] 23 WA A e el 7]k AR vlelsha s
A 27| 5= 2AS St A5kl AR Test Cell 3711 & %}—%—‘}Oﬂﬂ} 71&3r0 2 2 Low-E A==
B Ak, vl 0 2 T + 3715+ 215 TAe) ATRE H S, DS 48
solch AR 12 28 LowE T CARY e 11 LowE 258 g fol 37| B 2 A%
2351t g7 7 24 9] 3HA| S RSt B4 7] A5S of|=35}17] 9)3) Test Cell 222 EnergyPlus 2
A A% 5 A2 SIS ARk s A5 71 0 ool A% 5% BAE W Bep 27
& 1: 0.26kWh/m2 - year Z7Pyat HI, WhaF 251 1= 71298 1: 1.46kWhim2 - year 2-42)3HTh.
Agdom, Al Wi ol 27 JRAOE BPalaL A e A 28 WAGE DS 5ol

SARSE T 2 AAF A=

rz m

&
= -
W 5 3718 Hageh] Y 45 2] ARE 5 9SS AFSUT £ ATE G5 AR S °
2o g 229 2o] 7Y 1A, A, el 23 5 ATHE TS 2UsH] A A DAL Fa
3 4% 2 a4 Afolet.

Key Words : 37 (Vacuum Glazing), #%Al 8 (Low-Emissivity Coating), A| &3] ©]4(Simulation), 1§ - =58}
(Heating and Cooling Load)

" Corresponding author, E-mail: jhyoon@hanbat.ac.kr
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o3 Ay I8 BEY YFA FA U 244 FHE 93
45 A49 28 BIPV 7|& Y

Development of Film-embedded Color BIPV Technology to Improve
Durability and Secure Acceptance of Glass Color Coating Modules

el ottt =olAr eroted
Mingyu Kim*", Ayoung Yoon*', Miseon Jeong*', Yeonwon Yang*
*(F)ol A oo 0]

Abstract : 2 A= LW A H ARl d%ﬁé B g ZE(BIPV)Q 7S R 7|29 {8 I8
7|k A2 ®E o *t A e8Ae NSk, A8 ARISE 7Hs S SHAIZI7) SRt 7 A e
et 71E A BIPVE Ao whE &9 HAZE A uf 15-20% o] 3oz A A m|imfz] vy o5
o] 1L, £} 3 A= e Wol i B A5 B B stk A A o] & s E 5] Sl Bt
Sl 2E HAE A8 B A E BIPV 25 7]sS Jdsto], A 9 oAkl o] theb & ghEs)
2ith. 9%(RED, GREEN, BLUE, DARK BLUE, BROWN, YELLOW, LIGHT GREEN, LIGHT GREY,
DARK GREY)?] Z#] BIPV EE-Z A|&tsto] Ao w2 &9 HAE S A, 2o 3% oo &
<=9 WAt SAEAen, o] 52 v AT U ARl FAE Aleith B8 Fokas 29 SAe
7&4 557 84.8% 24 9o v, B3 29l 85%0] I Pull/Peel ] 2 E o] 4= 3 89.23N
o] A& AL TE B3 A BIPV 59| A shE 2 9)8) KS C 8577 7|4t UV(45kWh/m ), 2%
AFO]E(200cycle), T2 15(E85T, F 1= 85%) SOl A /5 WHd Alede 3T Ay, &2 Het
G2 2.5%%/ 3.78% / 2.35%% 217} B A|Q] 4% o|8HE DAL & Aol A 7]E e BIPVeh=
APHSHE A 4foll mhE &2 A} H 40} 7| s G453 S0A o Y Ve SRS E
AU, R AES FA0 2 A AE5E HSE REL 7Hs S AlA s, AS A=A 9
S gt UHE9 oflUA &S I -+ 31% A S Aoy et A S ) TRt
OAR] e ol A Sd E7A4Ae Alsstar, = s g Al o] 2443t Bl 31§ Ao ofHhA|
Ao 7|tE ek & Ats S B A B 57 ol d A AR of] fetshe S el Vs
A AL O]-r?i‘:]'

Key Words : =3 g3 (BIPV), 27 A

5% g %F(Color BIPV), Yl5-4] &1 (Ensured durability), 4124 SHe
(Securing reliability), T] A1 E A=

IR
& g oF3(Design BIPV)

" Corresponding author, E-mail: yyw@sksel.com
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4y

Evaluating Data Adequacy for Quasi-Experimental Analysis of
Building Energy Policy Impacts

3t SAIYAA WHE A4
b: )

(o]

oXx, :L.
-

dsl7|*, Fatg* !
Hyegi Kim*, Hangyeong Chu*, Deukwoo Kim*'
A7 EAdTY AU A AR

Abstact: 2% F9ES) 215 o | wieoleli= EPAL Sl ifon 2k o] 2] A1 olot 2

3 9lo] A AT AE ] LEAT 5 Y oA 24 2tk ST AL ol dloly
4§W§§*@Vl A T A Aol 11 Qlon], aule ma ol ABol U X FA) e
Z0 AN AVE ATA O QFohx] T Gtk EE A AAAOE A 7|8 G U EBP)] Tt
77 7srEE A YA At Bake Qs Aok & Waol F7tek gick
242 ofj 7] AL B9) Algo] AUH 0 R BrRsslo] oju] AlRE Y] wuke W vlofel Brlsior
Qith. ol Aol A= ofsl, A, B7gst Bololla de] S8E= AT A W Ee] f-85h, 11E ol
Lﬂxl tlo]El o] S/ et A4 1 28 71| FAfRt g ot

A= AE U A B Frte] AR A WSS A-85H7] 18l diolE Al A dS Akl
1:]—‘61— 2 01 L= ,1:17}. _Lgﬂo] 043 7HHLQ Hga o]—r,]- _"rL;q]XJ o= Ol?x]'—" (DiD), /K‘]ag:ﬂz,\_uﬁ zl(PSM)
ﬁlﬂa‘di@ﬂl(RDD), GAA A AE EAATS) 5 o AT A WHE gt 4-87Fs4 B71 7]
=2 Xﬂ*lﬂt}
B7F e A9l dolE 2 AR, WHE 487154, diolH R—TLAP%%ﬂ T A7
O] 4747 B4l Zplof|l AA Ho|BAlE A A4 o= FrIgt) o] & Fofl A AES HAgt 1 117} o
1 ZAF A tﬂ-lﬂioﬂ A 335kR] AbA o ek <= Q).

Aol A AAl e 2 AT FA ] MRkl 5ukE oefslr] ol HiE 7|2 7l A F4
J;‘7}7P obd A 7&54# ez A A ans A 4 e WHE Y-S Atk 2
At Ak S A= oY A vlhlolHE -85 A& vt 24 ﬂ?# 2 AE HU& ME A

289 5 9lek

Key Words : 213}3==(Causal inference), 543 A|(Quasi-experimental design), 71-&9] ] x4 2 (Building energy
policy), Bl d| o] ] 24 (Big data analysis), 287154 H 7H( Applicability assessment)
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=D
ojFrutola Aog AT EF & 4%

Mixed air Temperature Prediction for Economizer Control

=J% = k% = ¥kkk
O|RIGH* ZgZ** xgEH+T

Jinhyun Lee*, Hyojun Kim**, Younghum Cho***'

#QUTSha A&l A, Fiule) ke tyalm Fuhost A&ekn

Abstract : o] SLiento] 4] Aloji Wi o) A7HS 918 1714k whet 97| me) ke 2 aste] o))
2 =QIshe A0 917191 317]9] 37 Aeo] uhel BLE S W] 919 97wl &
At o) T B L= AAE FE7]0f 14 AX o] Glof B3 W o) LEE hiEsHe
o S 7} glom o] sLimnto] 4 Alof A| B3-S A4 @xjo] npe o] Avlaro] S74e 4 gick. o]
A% A% AESH 9 A o] A AA ©AH AR o U] 2]o] GaFS HE 4 9lon ofof o] sterlo] A
Ao 2 S B L A e HFEst T Eh thebA] B Aol Ak ol mimtol 4 Aol
9% £ 2w o BYE BEshdrh FRAAY £4 A B8 L BF B2 AN LE A
o] MPARHCE. Mo A 9] = ARS-L M APA ¥R o whel Qo] RS wom, Aeko] AR mX R
B42 W akA] 7|0 7)Mol A SHASHE 2 A B AT ALY ATHE B WelA o) L 4
2 DR B 2E o5 RS TSt om, £ S5 23 ilwsgS 0] 0.02-4.04%2] A
S IS S A& Ao oldl AT £ £ o3 R F9) o|2irtolA Ao Hirs
AN 5= 9 A0 /T r] Ao SO Qs WAl W 519 U x| gH| 2w A

Key Words : o] '-u}o] 2] A|o](Economizer control), &3} & ¢|Z(Mixed air temperature prediction), &7
(AHU), A 4 @ X}(Sensor error)

T Corresponding author, E-mail: yhcho@ynu.ac.kr
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AFAIEAYETZ Y 94 F BIPV A&7 4A(%)
7k

Design Development of an SRC Integrated BIPV System

oISt ZAMM AX|YF UFEM™

Hansol Lee*, Gyeong—Seok Choi*', Ji—Young Eum*, Young—Tag Kim**

RN &AL SO A BLER, HEFA A S

Abstract : 2 3= HZHAZZ I E(SRC, Steel-Reinforced Concrete) FZ2A|o] LA stE|= BIPV
(Building-lntegfated Photovoltaic) A| 28] 9] ‘A7 (Qh)& AAISHAL, 7] AA @A o Hagt A8 Je-4
Az *JEEH—J AAE Gestet. AA #9l= (1) R d-EefZl o2 LA == A2 go]
ORI}t F3E A|A, (2) &9 v 5715 AT sk S v A 7, B) ZEAE 2o e @&/
SRAE XRIE HE(¢h, ) 8 JFHEA Qﬂi =, ahehsl *)4 A4 WA (S Rtk AA 2
Aol s A, PV 5 X, 5715 FA 1Y 5= 4A AA @ A= PAI5HL,
AA A FES F536ke] 7 3he] welet DH”%E PABHATH AFE A= EE GHAANE A ER
AT 2 =2 A7) AA(Rh e A A A (S EH A E M E 5B AN, 8 7
Aol 719kt A5 AE, AlRE AR Y FRIAE, B HIAELL AF HUE P2 54 He AR &
3yt Algl o]}, A|Qet AA|(¢h+= SRC 219 °‘Xﬂ?ﬂ BIPV A|AE O] &S 9131 7| % AR 2 A, 5 4
Z Ao} AABE] HEE AR HH Y H A8 7| Eof Huskel 2323} 7 AA 23] ol 719
ﬁe Ao 7 gotE

Ol

Key Words : BIPV A]AEI(BIPV system), A& d L2328 ELZ(SRC, Steel-Reinforced Concrete), 7|5 (Ventilated

cavity), 21 E A A|(Jointing scheme), 5 g} A}Al(Connection details)

T Corresponding author, E-mail: bear717@kict.re.kr
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BEE-P-4

A7/ A3 AolE 93t b2 ojulA| 7)ut
N3y 43 29 A

Development of a Visual Comfort Prediction Model Based on
Multiple Exposure Images for Electrochromic Glass Window Control

7+o§_* leoq* 9.349_}** 7|EA* oxi*‘r

Eunho Kang*, Junyoung Lee*, Myunghwan Oh* Dongsu Kim*, Jongho Yoon*'
iy s il 74%%%‘4, Gt AT AN Y ATY

Abstract : 2| H7|HMG2] 7|0 AnfERT S SHEoEo 24 AR AlHA Y-S A skaLat o
= AHEI7F S 7FskaL ik shAINE A3 A *é% Tt ARl 71 glo] A A7HA RS
A A 7| RS 57 E @ Rebo] AlZHA AEE ASHAI 4= Sl o] 213t o] = A7) AR
FOE a2 08 Alofsy] Qe = Al A 394 ARl WEo] st o]of 2 AtoA= thE
=& (Multi-exposure) |1 2] 7|¥Fe] AU $ &= F32 AF 15 9 =74 X]4(Glare Index) B 7} S
7Nrst et

o)& 93] AAEL 7H 2} 23 (Camera Response Function, CRF)Z 7|4t & Al o|n| x| 2K g &
AFS] = (luminance) & S-S = Q= BdS HsHGoH, A7H 7|2t HES o] &4l 5%t v
= oA & EE5to] AW = RS W56 fj_‘%i = yotich A T2 5, s mdof st
S ASs] Yl BE5E gt A S A= S FE =gk v skl v
o A3, 7 g7} A @ 3k= 10% o W= UEhLy, AIQEE dlo] A AJZHA 32/ gtol &8-E
G ole v FEE AL SR 20 R BLHETh B Aol B UL 7uho R Uz
AR TS whogah MR85 2] Aol 7|E AAT, A8 A e 715AS AET o ol

N

Key Words : & 7] A1-5-2](Electrochromic glazing), A| 2124 |4 A (Visual comfort), T} =% ©| 0] X](Multi-exposure
image), 3] =3 (Luminance distribution)

" Corresponding author, E-mail: jhyoon@hanbat.ac.kr
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A GIS-Based Integrated Platform for Offshore Wind Farm Site
Selection

AR, 2o, Ay

Ji Won Kim*, Seong Pil Gang*", Myung Won Kim*
H(F)A LA A" 2] A 2]

Abstract : 2026\ ARE7 | FEE Hg 3 9 AR SO Bt SEY (o5 S Ale R
B FrEo s e dA Aol dlagel wheh, 371 Ak S EE AR A T
gl AlaFlo] 8t & A= 350F o] A RCIRAE, S E, FHYE 5)E
A 9 7kgste] B, o] EW R GIS 7R YAAAA A L- S 55 AlLE e F8
7152 DAE AU A(FHY R 23], 1A 4, AREAL 7|HE HliA] 24 S HA] BE S AP A3
'3 715 A2 2)LRE AU (EofAR, s T, SUEE ME A 9 oS 23 AR

2 HE BE 3R EE 271E WA oY Bl R AN A SR, FF w4 o
B S AALR 7haste] oAl 8 230 9] Hahh S EA] ARt v I AT vlad 4 A
A 2J2 o) S ARG A A - AFA AR o] P 7l )1H] YRS WA - A A L7 7|6Ee] &
Ao 7he st E S g AL R VHiRtth &% L EokE SOl TS A ARG EY 299 =
ZEERICZ 75 e 5 Lo, u| A A A1 I o] BN A E S ol Vg 5

& 202 7|

Key Words : Offshore Wind Farm(3AF-32] QA ThR)), Site Selection( X 4174), Spatial Analysis(37FHE4), , System
(G E=-))

" Corresponding author, E-mail: spgang@geosr.com
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REC-P-1

2ATLS 53 AUgE B4 BIPV BEY L3y U
BN B4

Review on Glare and Reflective Characteristics of BIPV Modules
Depending on Front Glass Properties

3|'0:'* 7|I| |** 7|7:EH***T

Hayoung Kim*, Jinhee Kim™*, Juntae Kim***'

sy Rretm oA AR g, ey ptetn ey A7 e AT,
) PN SE LR ATE A% 8} o U 2| A 28 E 8o (e a2

Abstract : 2050 -4 23 FAL 23] BIPV(Bulldlng Integrated Photovoltaic) A] 8] 2] A 2] H|Z0|
Z745HE AL, BIPY 55 9 §EARg o] ©fgt 5 4] BA7E e 4] A2k 87 A2 s 3 9l of
= d2atr] 98l At 27k A2 9G] J A AUSE WA TS Al o BIPY
& WA A PAE P19 WA AT R 710l HBHOIE BT 100000 cdim’ 0] 3
A SIS 208k AR 7 HALE AL § “% £3] 2|9y BIPV 52 tfHA o2 114 AR =HE

H

g

24 9 A Aderldo] oA 7k ek ol e v WL Ao i g

FAI517] of 2] 9-u], 3 A1) M4 o] 5.9k e FIm R of ]} efeke] 91X, mE W], AW el

53 5 1T 2010 oo 2 Aelek S| 1w ool A o st A el vhef sl
Aol Aol shELz, ofo] W ¥4 B4 HAo] W asith.

wheb 2 Qo)A 7| E £EE F40% BIPV wE0] A fe] S4of uhE imnal B4

Atgick A Aol ANE AW 52 538 WA FIE 7N A 57} A0S

BIPV 55 4§ 4] 2] S EAlo] 144 Zmo] v 1|t g2 nasheirt

> W e fu
Am g 011

o{H
ELFJ

_&HE

H]
A

e ml°

Key Words : 453 €] 9F3(Building-Integrated Photovoltaic), =541 (Glare), HHAFE-A (Reflectance), 2] == (luminance)
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REC-P-2

U $35= 7 BIPV A 299 34 34 ¥R E
A7 Ak 2 AgF ol ZId v - B4 47

skl

A Design Proposal and Simulation-Based Comparative Study on Fire
Spread Resistance in BIPV Systems with Rear Ventilation Gaps

* =Kk *kk T
BRI, ARIS, e

’ [ Ry
Subin Jeong*, Jinhee Kim**, Juntae Kim***'
g aFista o A A Ak}, FHEaEgEasta oA 7| &d Tt A,

R A B R SRR B Bl

E'S

Abstract : A& LA & €] F=Z(BIPV, Building Integrated Photovoltaic)A| 28-S &= A 0 &2 2| &&= e oF
A28 T ge) AR o gHle] o3k St R A S YA A ] % 7| 2S FEof stk e}
2| BIPV A| 2" 9] 31Af) SHAEHFA] Ad5of| thet A4 7F o 5] a2 ik, dub2] © 2 BIPV A| A2 W

AR A 99 LE FH FFFS T T |7 o] Lol £ FAE T, 0] FFFL AuHA

ol A A1 BA7} Qo A Bl 4] BHA 7 WA SHE A9 BHA) BHake] B o] §¥jo] BHbE 7
3 4= 9l 1A WAISHR 9l7) wioltt. ol B s A5y I 7120) AT W AE ALL S 5T
%2 welsto] B B o ASHE WO R AW E T GOk, o AFAQl oA PV BES| 3}
A Ul B& A5 of7|FHs E THE EAIHE 9k 9]

ofof) 3 AT WA R A5HE Haokekat Ao B SRS WA 4= Qs T AL A

bl gk, Al B o] A HAE Fal AAIREY] ShAf gl W] 5
SOl e 37] & BIPV A| 2813} v - ske] A obe] 84S 358Hlch

Key Words : A& 4A|& €]k (Building integrated photovoltaic), 3}&] &l ¥X| A}5(Fire spread resistance
performance), A& 2|3 A]|2El(Building facade system), =] 3} 4] (Numerical anaysis)
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REC-P-3

Fkl 2705 A299 74 HeRe 98 PPS 44
AXA A

Development of a Durable Separator with PPS Textile Support for
Alkaline Water Electrolysis Applications

SES*T ZAZSH* ASKX[*, Zoip*
Younghoon Yoon*", Dongkwon Kim*, Yooniji Yim*, Minsoo Kim*
*rholg] 4 HAMSF- AR R SANE

Abstract : Hydrogen is increasingly recognized as a crucial energy source for achieving carbon neutrality, and
alkaline water electrolysis is emerging as a key technology for producing environmentally friendly hydrogen.
The system primarily consists of electrodes, separators, and gaskets, with the separator playing a critical role.
Typically, the separator is a porous membrane composed of ceramic materials and polymer resins. For the
successful operation of alkaline water electrolysis, the system requires highly concentrated alkaline solutions,
necessitating the use of materials with excellent resistance to harsh alkaline environments. One of the major
challenges is ensuring the separator's durability under pressure differentials that arise during system operation.
To address this, a textile support structure is needed to enhance the mechanical strength of the separator. In this
study, polyphenylene sulfide (PPS), an engineering plastic with exceptional resistance to alkaline conditions,
was used to develop a textile support material aimed at reinforcing the separator’s mechanical properties. The
mechanical and surface properties of the developed support material were analyzed, and the mechanical
performance of the resulting porous composite membrane was evaluated. To fabricate the PPS support, PPS
polymer resin was processed into mono filaments of varying thicknesses,and their mechanical properties were
examined. These mono filaments were then woven into a mesh fabric, which was subsequently coated with
zirconia on both sides to produce a separator suitable for alkaline water electrolysis.

Key Words : 222l 42713} (Alkaline water electrolysis), Th-&4d 2] 2k(diaphragm), X X| A (Support materials), 141
el A (High selectivity), #] % &(Low resistance)
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REC-P-4

23] 74 vpo|eEAS 3 HEEo| e 2N H
gE ZLE 3¢ 74 AT

Exploring the Potential of Drosophila melanogaster-Assisted
Bioleaching for Lithium and Cobalt Recovery from Spent Lithium-ion
Batteries

O|&RH* &01Z* olelopT
JeongJae Lee*", MinGyeong Song*, InA Lee*’
“FY AL St

Abstract : Z17]12} E grfjof] whe} 2|50l 2 E 2] W] F43] FrIsHA, & A 34 o
7 2A A AT M2 7 o] 75 ek 719 Hiol 22| H A= F2 AV iAo
Aol AT H e, & dtol A= 2% 222 Drosophila melanogasterS ©]-8-%F 54 &% 71574
= Bokth 2uhel e AW mAET 9 oA AR S S TR 1Akl AL, 24D AT
Ao, o= g4 o] &S UL = e S AT 2 AFolA = HEwol 2l e &
FA(LICoO)S F-4Y5t -, Zhe] ufoFel W A v Y& EFAT} A A 2 E(LiNT ZLE(Co™) o]
29 §&5 =5 ICP-MS 24 A3}, 96417 HE-g-of A Lig} Co2 -§-& 0] ZH2} 96% B 94% 2.
2 Uebg o, SEM/TEM 42 &3l 1 743 A tiAt Atz ol &fgt 712 Hepr} 2kl = gint. o] 2
g 2ate 2u2] 9 I Ak abEo] A2 7 o) vhol 22 A miviA| 2 282 4 S-S AlAKSHH, 7]
S = 7N S Rashes ettt 28 Ao R 71 4= A

Key Words : 3| 2] ©]-2-4l €] 2](Spent lithum-ion battery), H}0] £ 2] ] (Bioleaching), Z1}2] (Drosophila melanogaster),
=4 8- (Metal leaching)
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REC-P-5

Ay JAAE 2T A7 v $EUE % VCG
T P2P AU AF

Integrating the Vickrey—Clarke-Groves Mechanism into
Causality-Based Cost Allocation for Strategy-Proof P2P Electricity
Markets

71 T

>k
oS
Hyunjoong Kim* "

“Srelghgoisla A7) gt

rdl

Abstract : Causality-based cost allocation has been widely explored for peer-to-peer (P2P) electricity trading, as
it quantifies each participant’s physical impact on the distribution network through voltage, power flow, and
loss sensitivities. Although this approach provides fair cost allocation under cooperative assumptions, it fails to
ensure incentive compatibility when peers behave strategically. In practical P2P markets, prosumers may
misreport costs, manipulate traded quantities, or falsify their locations to reduce their network charges, which
distorts the causality-based pricing signals and degrades social welfare. To address these issues, this paper
develops a Vickrey—-Clarke-Groves (VCG)-based P2P trading algorithm that integrates causality-based network
pricing with externality-driven taxation. The proposed algorithm first determines the welfare-maximizing
energy dispatch under network constraints, and then calculates an individualized VCG tax that represents the
external cost each participant imposes on the system. By internalizing these externalities, the mechanism
ensures that truthful reporting becomes each peer’s dominant strategy and aligns individual incentives with
overall social welfare. Simulation results on the IEEE 33-bus test system demonstrate that the proposed
VCG-integrated P2P market effectively mitigates strategic manipulation, restores fairness in cost allocation, and
achieves near-optimal welfare performance under information asymmetry. This work provides both theoretical
and computational foundations for designing incentive-compatible and network-aware P2P electricity trading
mechanisms in decentralized energy systems.

Key Words : -4} o] X](Distributed energy resources), 717t A& 7| 2l (Peer to peer energy trading), AlZH|-&
(Network cost), €A} &4 2l (Causality principle), A5 A 2F(Network violation)
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Low—GWP JulS o]&3t 939l WA AL w7}

Performance Evaluation of a Walk-in Cooler Using a Low-GWP
Refrigerant

23, Eler

] .__I'* ) _;—El_lg__lo***T

kkk T

Jeong Choe*, KwangHwan Choi*, Hwiung Choi
Addeta Wsaxastat sk, A st Wy g sk, Fradistn Yea et
Abstract : 9|22 WA= SR A1F BES 98 A EEnt oy el S utE Fol|A] theksA &
S5 Q= A oltt FA) $339] WA= R229} R4042] T A Yl 2 @ 235 a3 2427} 021 R410A
Yol & 22 Z-gakar gk SHA T 2 GWPRI S| gSof = Yl o] EHXﬂﬂ 93t Aol wheha] B
Aol A= =AAaS B8l AU @ HOﬂ chefst Yol 7 ARE-E 9 S wf Bl AlAE 2] A5-S Kot
270 dFete oy SH2E =27 Oﬂ/‘i s E ket 11 Al 2AE Yol F R6000] 5 iZﬂoﬂ/‘i
7H =2 COPE YEMY QT E5F R2907} R1234yf7} R410A R T} T F- & =2 COPE R o 3 Yo =
Ag A s Aol 7 Aoz ghaE|Qlnh Ohul 12 e Bel Y Eo] B 7tAdoln = ¢F
Aol gt Ao s=rtE|ofof 3111, & ] thfsh Wl o EH’ETJ 7M1 S| = ash o & Hrty
Act.

Key Words : ¢ =21 QY231 (Walk-in cooler), 2187 Wl (Low-GWP refrigerant), X]1--23HGlobal warming), A5
H|4=(Coefficient of performance)
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gt A7) 2AAAASE BE A% A% 1
20 dokt JEE WA o2

Prediction of Photovoltaic Module Waste in Korea under the
Long-term Fixed Price Contracts and Module Performance Decline

O|X|3H* ZCHe* ZILpe* mzel* uix|oxf
Jihyun Lee*, Daeun Kim*, Nahyun Kim* Juwon Pyeon*, Jieun Baek*'
A oy R A5k

Abstract : =FU] B4 Al4F B AHEF2 20234 7] 9F 3.7 GWL R JHA X} 2] I A &= (Feed-in Tariff,
FIT)7} 7§ A1 200249 o] 2 4l B Au]EFo] 23] S7Fskal Uk FIT 25 =gl 15do] =efjshd
A AR A B A A2 B EE wA|ske] 2lub Rt & Al AT A RS Al Eske =
A7 53l ek ofof met g Fel B iEo] AEE JAIE Sl HIHAY AHAE e 6
o] FEH L ek B WL ELS T AA R YA EHAY ST, 2, 72 54 FE AL R 3
2 7] 2o Sl A = 98l Hlis TS Al Sskal wElshe Zlo] Ta5it
& Aol A B B7] g7 A g s ASHE LBste] Ul B s TS
SHATE B8 HiLg o] LT 2270 o] A& M| H| g Ay 7)o s |l S A skl A7)
[oFaho] AWAS ZA BT Bl &g o Asloles 714 85 248kl 10d7He] A
1 EAE sk g vl 2m WA 715 aLEsho] A 7EAA oF ARl ol o3t #| mE Ay
oE RS PAEIAAL g 7Y S LEste] s Aol oftt wiE A 2E s AAs)
AT B H H 52 2030 ] T551] 20401 of] oF 299 E O = 71} o] WA A0 R oS5
Atk 53] g ®Eo] 7HE ol R Aehd e, AetRe, AR EolA B2 4 B a0l

|

O

e N
N

oS

sk Ao BAEQCE B A7) Ak T Boly A 28 JR A 913 V| 2R B8
] A 010 A o]q

=T Mx= A .

Key Words : El| %F33(Photovoltaics), B %3 #| 25 (Photovoltaic module waste), 1274 7} 2 A| 2F(Fixed price contracts),
w7 x| o 2] I A| = (Feed-in tariff), 2-& & gl (Probability model)

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

AT AR (]S4 HEAR)0] A2l 2 Bl TAIke] x| ¢S wrol 235 217-¢)(2022RICIC2011947),

*170 ¢



2025 KSES Annual Autumn Conference

ESS&SC-P-1

WA V.05 ABE Ed ofdd-ole X AEaolE
W4 9 B4 o

Suppressing Dendrite Growth and Corrosion In Zinc-Ion Batteries via
Amorphous V,0s Interphase

ZoIM*, RT*, OIMA*, LMY, BIIE, otz

Insung Jang®, Geun Yoo*, Jaeyeon Lee*, Seoyeong Kim*, Kihyuk Yun*,
Geon—Hyoung An*'

*arofelal of U 2] Al 3 et

Abstract : FA 2| 72] Arfjstz Qlsf o} A= o] A& EolaL, A AUAIE ST A= ko] & A
AM oz FAE I Uk 2 AU A] ZIRE L R A ] ol U A 3 wAIE AW AL Qled, o]
£ HA5] 12 AR AGAILRIESS) &f F87d0] AR Qe AA ESSO| =8 A% FA| = AME-H]
< HEolZAALB) & E2 olUA] Breg 7HA AR, 3 5l b I o2 Qe thafi A% Al AF o
© A A ofofl wheh, AT A& S Aol EEE = Sl A o2 A] 2] ko] H sttt
15 oFd o] &% A] (Zn-ion battery, ZIB) = 57| A8 & 71RES] 52 b/, A W84, L2 al 9=k A
B8 or FHUI QIek By ofd 55 552 o -89 & ol A oA Y WES(HER) 7 B
LT oF A AEol| o7t A/ (dendrite) A ZAI= A3l =T HA Aol A eFo] EARIT

&2 Aol A= ol £AIE siEsty] s, obdd 5= ol v V05 HEF(AVO-Zn) = =118}
et & ZY S 7heet stk a(H0,) AP ot -2 1 AIA1A 3782 ol = e, sl
5

4 25048 FAA 7T FUT A (nucleation) & SESH] A4 WA W WAL FHaba 0 2 ofA
shoith. A7]8kakA HA] AT}, AVO-Zn 42 mVo] W& Tk A T3 A 713 500 4|7k o] 4ke] gk
HQ) AJ0|Z 458 e, E3, MnO, 9F23} AFHeE 94 A7) 200 AJo] 2 ol = 136 mAh g']
o gakat 37, 270 Wk O] A2 Lol 4 236 Whikg o] o U A =S S AIsLoi} ol el 2 Hapy
(EIS)} %7}

HAL B o & S £ W B Aol FHEUSS 15100, SEM, XPS,
XRD 4] 23} #3148 5195 G4 @ Zn 54 o147k 53] 2 e,

whebd] B Al Zn ©20] Tl 85 AwosA 1A V,0:0] SEAS AZ5gom, o] 1A
o TQFe A o} A Al A ) B 7] B8-S 7Tt

Key Words : 0}91-0]-2 7 X](Zinc-ion battery), 0} 2=+(Zinc anode), 24914} 58 (Ultrathin coating), o} HlU-EAF
SHE(ZVO0), B & Z(Protective layer)

—
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ESS&SC-P-2

7 994 $94
A

CFD-Based Performance Analysis of a Water-Cooled Heat Exchanger
for Battery Thermal Management

MNZ=Qp* 7|%:|_'o__|*T

e, O [l
Jun Wan Seon*, Young Won Kim*"
A A7

Abstract : £ @10l A= 71 A e e] Gake] Al2ge] A2 Beksl] S18) A Ametr S
5 A4S Stk 712 T ALBE FA RS Golstrhs FHo] 9

wel el o] B4 0 £ wstel njet Aol IA Deba s BAZL Qe 53] gt o] 98
Qb 27 W A AHo] A S L0 o8 A BAL FEejAn,

o2 B Asl7] 93] £ AT AL FYA T4l 4] AT S A 85k 0n, HAFG A A (CFD)E
olg3to] AWE7|] AAGS BB A4 AL W] AT -LEE 30 °C, AFHFS UH
A AR AR A 8 8] LEE WakAA 7 LEeh Wz S WakE BAshart.

AT Ak, 39 F7] LT ol Andy] 7 Lk A gl on, olo] uteh Wt
Aol BATEIE Ao SIS o] elgt ATHE Hheho 2 Ak AA| e 2] Aeke) A2 (BTMS)]

O
=
S RIS A g 3te] HRA AAlo] A TR A% F7h AL S ootk

il

Key Words : A AH3-#]| 3} 4] (Computational fluid dynamics), =18 4] & 13}+7](Water cooled heat exchanger), W] 2] &
] A A El(Battery thermal management system)
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AAL A 7] 1E5E LED €34 Ay A4

Design of a High-Efficiency LED Heat Recovery Chamber Based on
Computational Analysis

E| B0+ Zlgex T
Gwan Yong Choi***, Young Won Kim*'
AT AT YA YR TE, T et 9] Ale sk

Abstract : A A A2 0.2 eta o i3t 2317} ol o] wha, kA v &S A 7SHAA] HA] o oy
A& AL = Qe 7sol it a7t 53] F7hekal ik Eat, F o= S H F A = 4

2P A 0 2 AYAFSE = Q= Al S A 7] g o] &hs| WA S Qltk B Lo A= Al E

84 F sl dgtio] @ E(LED) 27 9] A3]4=& A4t

A 52 AEF ol ol & Yo, YA Q] A= 848 LEDS} W W& 2-8-5F LED A| A H)

o] L Barel 4 3|43 vl B A5te] s A avtE Ao Hrleldint.

Key Words : AAF G2 &8HComputational fluid dynamics(CFD)), LED € #2](LED Thermal Management), -5 4
H(flow chamber), 41&-37}(Plant Factory)
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ESS&SC-P-4

Ultrathin Zinc Vanadium Oxide Coating for Stable Zinc Metal
Anodes in Aqueous Zinc-lon Batteries

S, RQIM* O|ZHR*, ZMF* &7|&* otAE*T

Geun Yoo*, Insung Jang*, Jaeyeon Lee*, Seoyeong Kim*, Kihyuk Yun*
Geon—Hyoung An*'
*ESLOfBhL of Ul X Al A 38t}

Abstract : %7 o}l ©].& 4] (ZIBs)= of o] we AkskEH A91(—0.762 V vs SHE), 322 0]

£ (820 mAhg) Poat QA W B S e 2 ol 2 HAE AT AAY oA A

F AR R Tk Tei o] ejgh Relw BISHT, A Aol HASH: ofed WS etol
agle

AP A B A S8 AT 20 09102 HguT o] ol T, Sk w4, $

il
75‘

‘1

o ZAIZH I e, 5o s o) mwt At A B of A 9] ok Eebg o] of et A o
SPAI 21T o 23k HAIS S5317] flal Al B e S G4, A d 24 A, sk W5 52 A
FE ATl A E T QT Lol A 2abep B T H2 dlEeto] B JAE oAshaL -4
ATl Aol F 1 R EF BES PAA7= BAAQl deow SR, 2 A
Feh W 35S T3 o a5 Irlof 2Huf ol vhE AFek=(ZV0) S5 B 5T
A2l ZVO@Zn =2 54 Ao} at A3k oFl g5 F Ao A@ste] 427 ofel o] 54|
T s AR PN ol s AL () FaAdS SNV AR el
i) 54 AL 7}3lels F8SF A A (i) FU 3 ofd AR T} dEglo]|E A E S Edl=
ke Rehdel 711gket. o1 A, ZVO@anM AL 2 mA em”9] Zf Wi 236l 1,000k
XWOJOM Ea/tE AsS fAI O, ol 7]E obd A= viE] AA 3] it des

QpollA] A AT HEFS 2G-S H4ToieA £ ofel o] A o] ARFE AT 4
Zﬂﬂ Hoyom 7dEd

LJ?L

=

—@A
g

Rii%ﬂ$¢mw
r2, o 117 oz oft 10 —Oi o o

=

30 M O oN N
fr & o 1o
Mﬂﬁov
J:i

Key Words : o}¢1-0]-& 7] ] (Zinc-ion battery), 0}¢1 &=+(Zinc anode), 222} 58 (Ultrathin coating), o} FH 54
SHE(ZVO0), X 5 Z(Protective layer)
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A8 TES 2Hde 4% +a3¥ Jle MY
Development of TES-Based Demand Management for Sector
Coupling
[=PS] _E_*T

Seongmun Oh*'
Rl P s ]

Abstract 1 413140 U] 2] o] 253 Sk o} o1k 2ot B Alsfe] utet el oy godo] &
AT TR PRI Yk B AT AL Tho] AopHE g %A 4] AHAAA(TES)S B3] A
B R0l ox] 208 SEAoR 2gshe o Z)u AR X AHed 71&e AL
TES= AlopAlZke] A9 A2 o] 83) A Agshar, 27k 1 AR ol A AE 4S S5to]
b 5515 15024 55t0] F(load shifting) T} 1] ZA 7 HE FAof ST 4 Qlrk. B Ao

ME TESO] 24 AAlES 2Aeslr] figh Algd ol d e 750l -39 A F3t 2dg 7]
HEo 2 oz Ak 9 AlE 7o Ak EA. FFole 24k TESE 7HE A A(VPP) FHI 2 5
S Al ofsto] AA Ao A HE 2ot

W 52 9hS A0 2] 3H) 7154 & Brke o Jolch. B AT
Bo A2 L8| £ A UG A

Sk AE] AER 719 Alg $HE 3 ek A Al staLA} g

Key Words : <=2 32| (Demand-side management), 71-& 9]\ ] 2+2] (Building energy management), A1 €] 7] Z & (Sector
coupling), =& A1 H*AAF](Thermal energy storage, TES), H-3}o]5(Load shifting), AJEd o)A
(Simulation)
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ESS&SC-P-6

TESPoH § obldA J1 Ao 43 2 74 A
204 47

Demonstration of District Heating and Regulatory Framework
Enhancement Based on an Integrated TES-P2H Architecture

AxT = kK
ZQIRT, st
ok

Insoo Kim*', Jaehwa Kim**
“shaiofshi Alstalelet, /bt Avekel et

Abstract : 2 $15t= Ao 2] o] W g/ of] g5k M- AlAH IF F-AHS gHEsH] ¢l P2H
(Power-to-Heat), TES(Thermal Energy Storage), BESS(Battery Energy Storage System)E Z3t 2% 5}+= o}
71849k A5 Abel o] W A4S A A 941, 115 DOES] A9 (federated) 017 €1 ]9} 24 2 4
8 3pxelo] A58 ML, 712 7Hs g, ANTE A0l E WA 70 Sh BaF A Were o}
ahelrh. 20 T RAE AL A9 2 dojo] AR Aol A2 A AvHY £ A
HE AHQHHolE wet AlF o2 AAEH, & Ave] ez A 224 A, a3 o, AlE
HzAu| 2 QA Beto] aateh B3, B g ARAA -S| EHEZ- A2 51 AAE Ay HF
AP 8l oF 259 9 FAF thH] 5.8 9] 371K, 12.3% W4 E, 17t 350E CO, =, A g ol
A -85 35% 4 58 a7 24 H ik v A3 A7 AR, Aol d AAFIH, a7k ehd
ey 5 i 2 HAlE T AR SRl Aloke AL lof, A B8, AlaF AR 2, 59
AN 71 @8}, 37HA 58 5 FAISEI 7 2 asith & Ate 7s BA 2 A B A S
7IHke 2 Al ebatel f-e 2 g, Ak Aol P2H-TES 7|7t o 2] A2k 2 =gi2 A &3t

Key Words : P2H, TES, BESS, 213} o}7] 8l x| (Federated Architecture), 14| (Regulatory Sandbox), o x| &k
(Energy Transition)
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AY-QUH(P2H) A2F 7% A Ao

A District Heating Business Model using Power-To-Heat Systems

27T MM HAE* LEfR*
Kyung Min KIM*T, Won Cheol JEONG*, Kang—Yeol JEONG*, Tae—Woo LOH*
HSFr A AL vl AR A

Abstract : 712]-21(P2H) A] 2~ 52 B-8-8F 4] b (DH) A m e Aol 2] 2 12 1L 285}
o] 242 AP o FHL 1 glon], thitn AFR e S EHLE Kby dsne] B
o] ARl 45 FEsHE Al2"o|Th o] ARglmEle] B4 v Ao A 2 UxkE Hel o] A
4 5 ), of ek €2 VISHE PALA £, € 4 ) 0 13 AMESI dhel, el g
FAE B3 17 Agivolch A mEle] B o U Biuh 400) FHES $RL, Aaw 23 U

BAYA 28 B gstol PAEe AP A BEg BelohaL, e} TS 9 g St
_,__7140] /\] l—%]oﬂ 131 jul .‘%J‘él[—o:]g]./\}_’g XT-_Q_O 6]— /\ o] P=% 4-11—1?_] "= x}—x" EE‘]E X{ﬁ—o]——‘:‘— 740]]:]—

LS e R |

Key Words : & 2]-& M3} (Power-to-Heat Conversion), A &3 (District Heating), A}$] X2 (Business Model), & &%+
A)2®](Thermal Energy System)
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ESS&SC-P-8

4 A7) B A% Aol=9] 74 dold 719 M&V &3t

H 20
4% % $eRoRd oA AYA vl

Validation of M&V Effectiveness Using Virtual Data from an
Integrated Thermal and Electrical Demonstration Site and
Comparative of Energy Storage Devices by Application

SIS
Daeyoung Jung*", Minsoo Park*
#4314} 2]

Abstract : X Aol 2] B Sofjol BAky o 2] Ap el ghitol what, oA Q1 4= ke o AJ
A AAY Bagdo] ZFxE k. 18y A5 glolg = Al WEA, Fol 2344, AAE g
A4 59 A7 EA o], 27| DA A ] 7 J&’“ /3 EA o] o Y. o]of & A= VlrtualM&Vﬁ
L& =95}o] o] et A|oFe Hesl$ o5, IPMVP, ISO 50006 2 (G)SEP MV Protocol 5 =44 &
=83 I HEA T SAA S AAE AT £ A ) T AYAREEF 7|0l A= TES: BESS-J
71017} AlghA 0 2 vt o, 2o o2 fap A7t Fat O]5(ShaVlng/Shlftlng) Ao A= A A
LSR=SASI ) o o e S ) ﬁiﬁk TAH Ao 2 ATF A Y ARG ¢F 532 MWh(13.6%) A7HE 1o, 2|t
T FHSH= 147 kW(17.6%) A sHE T E5] £ 113 A7 (11-134], 1821A])9)| A= TES ¥ BESS
Ha=0] 7| =7} 516t A E o] Au] aute] AAA {-8/d0] YFE At Eg Hs/d ol o-3-517]
Qo] A7 of| A A AHAEA] (Long Duration Energy Storage, LDES) = A 2] A o]of] th2 § 32 ZAVSHY
o} @o] ARg-E = glEol 2 E 2= ©57| viE 2 2 S5 AL glon, AT A AR kA AR e E]
3 = viE ] 2= EAEIE ] 7F 10 ~ 100 AJ7E A7o] 7He gt o= 2l Eol vl El 2] thH] 10u)
o]/l AFAITE Z7HAIA Hrt. & of W oy A XVPXPZH A é% A EaX= P IR =l Ve a=)

H|-8-of &aFS v 1o whe} of| L A A ] 80 Egol = W %‘ F& | of whet g-of ghi= A4
gt o |q A AR o] A o] Fasith 2 A= AFAIEE Aol Gebiol whet, P2H A|AH) 9]
AAg e AAE Qlste] sid A" Y] S A sk 19 UJrE g B4 A Eg3it.

Key Words : Thermal Energy Storage (TES), Battery Energy Storage System (BESS), %}-7] ol 4| X] A1 Z}4F2] (LDES, Long
Duration Energy Storage), P2H (Power to Heat), Virtual M&V (Measurement & Verification), Energy
Demand Management
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Study on ADR-based Demand Response Control of Thermal and
Electrical Energy-based Building Complexes
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Abstract : 2| =7} SAFHS A ol viEHANA A4, XA 7e XY, T vl
7k AL o513} 5 ohke A S A S E YA T et 4 &3l 248 9 o
Wbl 7)) B A o] X1 Argolnh. sER| N AR o | 2] W] 9] F7EE o &9 of
T Joide ZA| Foll thah s Weto = doyx|eh 7] oy 2] 2+ A AET L AAKE =8
(Demand Response) 7| & 285 9t %1 & ofoF o J 2| & A9 TaulE 4 H3EE TAlo 94
3} 4= 9) 8 Ao & whkslo] B o] 4|2 ADR 7|5Ee] & A7) o1 %] =2 wk-S-Ao]of 3t 7] 4 A
W20 8 Askal, 1 At HES 9T AlAR A A RS A A AT

2 Aol A= OpenADR 2.0 = Al| 3£ 0 2 Aol | A 7} £ dEtoll A ol | A &F 7] ol i =] 9]
AT A 12 a1 of| U X 4] 9] A& 9L 93| A}E 428 WHS(Auto Demand Response) -8 1t
g Aeto oy Hds EA45te] d-A7] oy A Aule] &1t Fal 24 A& VIN(Virtual
Top Node)¥} VEN(Virtual End Node)& T-A511 ATLE] Alo] Uie] =0 1% B4l T2 E20 24 A
AL AL Ao & T 4 Q= Wk AIAISHA AL A2 ol A= E 7HA] AU L 718 AlEE o] & E Sl
+Q aEAe) gt A5 skt

Key Words : =9 H-2(Demand response), & of|1Jx] #]%(Thermal energy storage), A1E] #Z7(Sector coupling),
ADR(Auto Demand Response), VTN(Virtual Top Node), VEN(Virtual End Node)
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FeCoNiCuSn High-Entropy Catalyst with Sn Synergy for
Electrochemical Ammonia Oxidation Reaction

MO, REQ QNS HHsr, M
Minseo Jeon*, Chanmin Jo* Tae—Yong An* Gyoung Hwa Jeong*, Uk Sim*'
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Abstract : To achieve carbon neutrality, hydrogen has emerged as a key alternative energy source. However,
conventional green hydrogen production via water electrolysis is limited by the high overpotetial and slow
reaction kinetics of the oxygen evolution reaction (OER) As an alternative, the ammonia oxidation reaction
(AOR) offers a lower theoretical potential (0.77 V). Most of the research on AOR has focused on noble metal
catalysts such as Pt and Ir. However, they often suffer from poor durability and severe catalyst poisoning. To
overcome these limitations, this study designs a FeCoNiCuSn (FCNCS) high-entropy Catalyst (HER). The HEC
leverages lattice distortion and cocktail effects. In addition, the incorporation of Sn introduces a crucial
synergistic effect by providing strong oxophilicity suppressing competing reaction (OER), and enhancing
structural stability. Synthesized via wet chemical reduction, the FCNCS catalysts demonstrated excellent
performance in alkaline media, achieving 100 mA cm™ at a low potential of 1.43 V (vs. RHE). This study
presents a promising strategy for developing low-cost, high-performance alternatives to noble metal catalysts,
thereby enhancing the sustainability and efficiency of ammonia-based hydrogen production.

Key Words : & 7]|3}8hH(Electrochemistry), 2.2 =71 3]|(Assisted water electrolysis), LA E 21 Zulj(High entropy
catalysts), A 7] 3}s+4 ¢ vy o} B3] (Electrochemical ammonia electrolysis)
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Selenium-doped Nickel Cobalt Oxide as a Binder-free Electrocatalyst
for Nitrate Reduction Reaction to Ammonia

HEAISE* OIEfR* Al*T
Seonghyeon Park*, Tae—Yong An* Uk Sim*'
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Abstract : Ammonia (NH;) is a key chemical feedstock widely used in fertilizer production, hydrogen energy
storage, and emerging clean energy technologies. However, the conventional Haber-Bosch process for NHj
synthesis is energy-intensive and environmentally detrimental due to high CO, and NOy emissions. As a
sustainable alternative, the electrochemical nitrate reduction reaction (NO3;RR) offers a promising pathway for
decentralized ammonia production under ambient conditions, while simultaneously addressing nitrate pollution
in water systems.

Herein, we present a binder-free Se-doped NiCo oxide (Se-NiCoOy) catalyst for efficient electrochemical NH3
production via NOsRR. The binder-free electrode configuration eliminates the need for insulating polymeric
binders, thereby reducing interfacial resistance, enhancing charge transfer, and improving long-term catalytic
stability. Additionally, the intimate contact between the catalyst and current collector facilitates efficient
electron transport and mass diffusion.

Selenium doping in the NiCo oxide lattice modulates the electronic structure, enhances nitrate adsorption, and
promotes NO3;RR selectivity while suppressing the competing hydrogen evolution reaction (HER). As a result,
the Se-NiCoOy catalyst delivers a significantly higher ammonia yield rate and Faradaic efficiency compared to
undoped or control samples under ambient conditions.

This study highlights the promise of Se-doped transition metal oxides as cost-effective and scalable
electrocatalysts for sustainable nitrate-to-ammonia conversion.

Key Words : JAF 39 HF-3-(Nitrate reduction reaction), %Yo} g4 (Ammonia synthesis), =3 (Doping), A 7|3}
H(Electrochemistry)
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A Li-Rich Nickel-Iron Alloy on Manganese Oxide Heterostructure as
a Highly Selective Electrocatalyst for Nitrate-to-Amminia Conversion
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Abstract : Ammonia (NH3) is a key chemical feedstock, vital for fertilizer production and emerging as a
carbon-free energy carrier. However, the conventional Haber-Bosch process for its synthesis is energy-intensive
and environmentally detrimental due to its reliance on fossil fuels and significant CO, emissions. As a
sustainable alternative, the electrochemical nitrate reduction reaction (NOs;RR) offers a promising pathway for
decentralized ammonia production under ambient conditions, while simultaneously valorizing nitrate-containing
wastewater into a valuable product. Nevertheless, the development of cost-effective, earth-abundant
electrocatalysts that exhibit both high activity and selectivity at low operating potentials remains a significant
challenge. Herein, we introduce an advanced electrode fabricated by first synthesizing a composite of Li-rich
NiFe nanoalloys on a MnO, support, which was then simply coated onto porous Ni-foam. This unique
architecture creates a multi-scale heterostructure interface, which is critical as it generates a high density of
active sites for nitrate adsorption and facilitates rapid charge transfer pathways. As a result, the catalyst exhibits
exceptional performance for the NO;RR in alkaline media, achieving a high Faradaic efficiency for ammonia
production across a broad potential window due to the intrinsic suppression of the competing hydrogen
evolution reaction (HER). This work highlights a promising design strategy for advanced electrocatalysts,
paving the way for efficient and sustainable nitrate-to-ammonia conversion technologies.

Key Words : =3 (Dopong). ©|% A% (Heterstructure), Z1fj (Catalyst)), 414 A (Selectivity)
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Dynamic Hydrogen Evolution via Ni-MoN@NF Electrocatalyst for
Efficient Alkaline Seawater Electrolysis

AEEIX| OFstel*, £HatOpL] flsab* QQ*x ZIES* Al |
Shivraj Mahadik®, Subramani Surendran™, Yoongu Lim™**,
Tae—Hoon Kim*, Uk Sim**'
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Abstract : Hydrogen production by electrocatalysis and hydrogen energy use have generated a lot of interest in
recent years due to the development of high-performance and affordable non-noble electrocatalysts. Transition
metal nitride has had tremendous interest over the past decades and shows excellent electrocatalytic perfor-
mance. Still, synthesizing metal nitrides remains challenging due to lacking a general and simple strategy.
However, seawater, a plentiful natural resource, has enormous potential for electrolysis-based seawater
desalination and clean hydrogen production. Nevertheless, a robust and effective electrocatalyst that can tolerate
the chlorine oxidation reaction (CIOR), especially at the anode, is necessary for the successful use of seawater
electrolysis. In this study, we present a novel Ni foam-based metal nitride catalyst composed of Ni-MoN@NF
nanorods. It exhibits outstanding durability and activity towards the oxygen evolution reaction (OER) and
hydrogen evolution reaction (HER) of alkaline seawater electrolysis. The AEM electrolyzer assembled from
Ni-MoN@NF electrocatalyst achieved a high current density of 100 mA cm™ at a significantly low voltages of
1.7 and 1.74 V in 1 M KOH and alkaline seawater, respectively. This study paves the way for further innovations
in seawater-based electrolysis technologies, ultimately contributing to the global transition toward clean and
renewable energy sources.

Key Words : 3[4~ $=% 3}l (Seawater electrolysis), A 7]3}s} Zul] (Electrocatalyst), &4~ AF3} WF-2- (Chlorine oxidation

reaction)
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Synergistic Fe And Ni Nanostructured Catalysts For Enhanced
Electrocatalytic Activity for Alkaline Water Splitting
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Abstract : Hydrogen is widely regarded as a clean and sustainable energy carrier with the potential to
decarbonize various sectors. Among hydrogen production methods, electrochemical water splitting is one of the
most promising due to its environmental friendliness and compatibility with renewable energy sources.
However, the overall efficiency of water electrolysis is hindered by the sluggish kinetics of the oxygen
evolution reaction (OER) at the anode, which demands high overpotentials and limits system performance. To
address this challenge, we report the development of Fe- and Ni-based transition metal electrocatalysts with
controlled nanostructured morphology for efficient water splitting in alkaline media. Both iron and nickel are
earth-abundant, cost-effective, and environmentally benign, making them excellent candidates for sustainable
catalyst design. By engineering the surface structure and tuning the electronic properties of these catalysts, we
enhance the availability of active sites and facilitate rapid charge transfer, resulting in improved OER and
hydrogen evolution reaction (HER) performance. The synthesized catalysts exhibit vigorous electrocatalytic
activity, low overpotentials, and high durability under operating conditions, demonstrating their potential for
integration into practical water-splitting devices. The synergistic effect between Fe and Ni plays a key role in
modulating the electronic environment and accelerating reaction kinetics. This work provides valuable insights
into the rational design of high-performance, non-precious metal electrocatalysts for overall water splitting. It
contributes to the advancement of clean hydrogen production technologies and supports the global transition
toward a sustainable, carbon-neutral energy future.

Key Words : ©] &4 Ulk=1% 7| Zujj(Bimetallic nanostructured electrocatalysts), &Z-2] =71 3}j(Alkaline water
splitting), A4~ RFAIHE-3-(Oxygen evolution reaction), 4=2~EHA HH-2-(Hydrogen eveolution reaction), A| U] Z|

Z 7] 20l ZH-8-(Synergistic electrocatalysis)
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Boosting Electrocatalytic Oxygen Evolution via Metal Valence
Control in Binder-Free FeCoNi-LDH on Ni Foam
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Abstract : Hydrogen production via water splitting relies on the efficiency of oxygen evolution reaction (OER).
However, non-precious metal based catalysts experience high overpotentials and limited durability due to the
sluggish kinetics of OER, which involves four-electron transfer process. Layered double hydroxides (LDH)
have higher activity and durability for OER due to their layered structure and abundant active sites. Here, we
synthesize a binder free FeCoNi-LDH on Ni foam (FeCoNi-LDH@NF) by co-precipitating Co, Fe and Ni
transition metal precursors in alkaline solution. The synthesis method utilizes the unique electronic properties of
transition metals to boost electrocatalytic activity in alkaline conditions. Our findings demonstrate that the
control of the ratio of metal valence states (M2+/3+) and utilizing a binder-free method to directly grow LDH on
NF enhances the active sites in FeCoNi-LDH@NF. FeCoNi-LDH@NF exhibits a low overpotential of 203 mV
at 10 mA cm™ for OER in 1M KOH electrolyte and exhibits high durability maintaining 200 mA ¢cm™ current
density over 24 hours. Further, the simple synthesis method and LDH structure can be adapted under different
electrocatalyst strategies like heterostructure engineering and defect engineering to achieve higher efficiency of
water splitting performances.

Key Words : <=7 3l|(Water splitting), Ak4~ 2FAY HE-3-(Oxygen Evolution Reaction), S4; ©]5 $=AFslE(Layered
Double Hydroxides), H}-Q1 ¢ 2] (Binder free), % 7] 3}&tZul| (Electrocatalyst)
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MXene-based Electrode for High Performance Aqueous Zinc-lodine
Battery

AR SX|E* AP A+
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Abstract : The aqueous rechargeable zinc-based batteries have gained attention as promising energy storage
devices due to their safety and cost-effectiveness. Amongst various system, zinc-iodine (Zn-I,) batteries have
shown high specific capacity and high energy density. However, poor cycling stability due to the shuttling and
sluggish kinetics of iodine reaction remains a challenge to be addressed. To enhance the cycling performance
and the strength of the aqueous iodine batteries, the cathodes with the capability of fast conversion kinetics are
needed. A high performance Zn-I, system have been investigated with MXene-based (Ti;C,X») material as the
promising cathode candidate. With their unique structure and physiochemical properties, MXene-based materials
have been studied in various electrochemical applications such as electrocatalysis, and supercapacitors. Addi-
tionally, MXenes have shown facile substitutions reaction with halides, such as iodine, bromine, which allows
improved reaction kinetics towards the Zn-I, system. Halide treated MXene was applied as an efficient cathode
materia for the Zn-I, system showing enhanced electrochemical properties.

Key Words : o]\ X] %} (Energy storage), =4 21 A] (Aqueous battery), WAl 7|HF 2=+ (MXene-based electrode)
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Bifuntional Pt-NiFe LDH Electrode Enabling Efficient Anion
Exchange Membrane Water Electrolysis
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Abstract : Anion exchange membrane water electrolysis (AEMWE) has emerged as an attractive pathway for
sustainable hydrogen production owing to its operation under alkaline conditions, which allows the replacement
of precious noble metals with earth-abundant catalysts. Despite this advantage, the development of catalysts that
are simultaneously efficient for both the hydrogen evolution reaction (HER) and oxygen evolution reaction
(OER) remains a key bottleneck for practical AEMWE implementation. Nickel-iron layered double hydroxide
(NiFe LDH) exhibits excellent OER activity but suffers from sluggish HER kinetics, limiting overall cell
performance.

Here, we introduce a bifunctional electrode architecture that integrates trace platinum (Pt) species through a
simple dip-coating process, followed by the deposition of NiFe LDH on nickel foam. This Pt-NiFe LDH
electrode simultaneously enhances HER and OER activities while maintaining a minimal Pt loading. Under 1.0
M KOH conditions, the electrode exhibits overpotentials of 0.08 V at 10 mA cm™ for HER and 0.10 V at 10 mA
cm™ for OER, comparable to commercial Pt/C and IrO; catalysts, respectively. This study demonstrates a facile
and scalable strategy to design low-PGM, bifunctional catalysts, paving the way toward cost-effective and
durable AEMWE technology for green hydrogen production.

Key Words : 2-0]-& w3t & 27|23 (AEMWE), NiFe LDH(Nickel-ion layered double hydrocide), ©]%7] 54 Zuj|
(Bifunctional catalyst), =4~2} Ak4~ 2FAY WES-(HER & OER)
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Design of WOs-IrO, Nanocomposite for Minimizing Iridium Loading
in Proton Exchange Membrane Water Electrolysis
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Abstract : Proton exchange membrane water electrolysis (PEMWE) has been recognized as an energy-efficient
technology for green hydrogen production. However, its large-scale deployment is limited by the high cost and
scarcity of iridium, which remains the most active and stable oxygen evolution reaction (OER) catalyst under
acidic conditions. To overcome this limitation, we designed a mesh-like nanostructured WO3 with a large
surface area as a supporting material for IrO, loading. WOs~IrO, nanocomposites containing different IrO,
loadings (20, 40, and 60 wt%) were synthesized via a simple polyol-assisted growth of IrO, on WOs supports.
In acidic OER tests using a rotating disk electrode (RDE), the WOs-IrO, composites with 40 and 60 wt% IrO,
exhibited low overpotentials of 280 mV at 10 mA cm™. When applied to a PEMWE single cell, the 40 wt% WO
5~IrO, catalyst achieved a high current density of 2 A cm™ at a cell voltage of 1.75 V with an extremely low Ir
loading of 0.25 mg cm™. Furthermore, the WOs5-IrO, nanocomposite maintained stable PEMWE performance
over 450 hours of continuous operation at a fixed current density of 2 A cm™. Compared to previously reported
PEMWE catalysts, this performance was achieved with substantially lower Ir loading while maintaining
comparable or superior activity and durability. This study provides a practical strategy for reducing noble metal
usage without compromising cell efficiency, offering significant implications for the cost-effective com-
mercialization of PEMWE technology.

Key Words : Fo]- 2w 3hah4=7] 3}l (Proton exchange membrane water electrolysis), Ur1=2-8}-3] (Nanocomposite)
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Crystalline Phase-Dependent Oxygen Evolution Performance of
Cobalt-Based Catalysts in Anion Exchange Membrane Water
Electrolysis
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Abstract : Anion exchange membrane water electrolysis (AEMWE) is gaining attention as a promising and
cost-effective route for green hydrogen production. Its alkaline operating conditions enable the use of
earth-abundant transition metal catalysts for the oxygen evolution reaction (OER), replacing expensive Ir-based
materials. Cobalt (Co)-based catalysts stand out owing to their low cost and favorable OER activity.
Nevertheless, the influence of the crystalline phase of Co-based catalysts on their intrinsic activity and AEMWE
performance remains poorly understood. In this study, we systematically investigate the phase—performance
relationship of Co-based catalysts by preparing o.-Co(OH),, 3-Co(OH),, and CosO, with controlled crystalline
phases without nanostructural changes. The 3-Co(OH), catalyst exhibits the highest current density, surpassing
0-Co(OH), while CosO4 demonstrates significantly inferior activity. These findings reveal that the initial
crystalline phase of Co-based catalysts critically determines OER kinetics and overall AEMWE efficiency,
offering key insights for the rational design of high-performance, non-precious OER catalysts.

Key Words : 2-0|-2 w3l <=7]3}|(Anion exchange membrane water electrolysis), U4 E 7|Ht Zu]j(Cobalt-based
catalyst), 2 %A (Crystalline phase)
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Large-Area Laser Interference Lithography Process for Fuel Cell
Performance Improvement
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Key Words : 17522} A2 9F o 77 X|(polymer electrolyte membrane fuel cell), L1]-& L} 3 €] d (Nafion nano
patterning), 2| 0] A 7+A 2]a~ 12| 1] (laser interference lithography)
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Design and Evaluation of an Indoor Environment Monitoring System
for Glass Greenhouses According to Envelope Performance
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o | E Q] F(Long range wide area network, LoORaWAN), 21 4 AK(Global irradiance)
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A Demonstration Study on the Implementation of an Energy
Self-Sufficient Greenhouse
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Key Words : o|u] XA & &4 (Energy self sufficient greenhouse), -3-2]-24!(Glass Greenhouse), YutHlo|i %]
(Cooling and heating energy), | %] SHOptimized), Bl ]| ] | (Solar energy)
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Fluoropolymer-Free Transparent Backsheets for Low-Carbon Footprint
Photovoltaic Modules

FCHE* BRof|at* SHRIQU* BRI ZF HiASM ZZL* o{@z** Z7|et* o|gar!
Da Young Kwon*, Yerang Park®, Jae—lk Han*, Nochang Park*®, Soohyun Bae**,

Kyung—Soo Kim**, Young—Joo Eo*™*, Gi—Hwan Kang™*, Yonghwan Lee*'
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Abstract : In this study, fluoropolymer-free transparent photovoltaic backsheets were developed by dip-coating
polyethylene terephthalate (PET) films with perhydropolysilazane (PHPS), which was subsequently converted
into a SiOxNy-based inorganic coating layer on the PET surface. Fourier Transform Infrared (FT-IR)
spectroscopy confirmed the successful formation of Si-O, Si-N, and Si-OH bonds, indicating effective
conversion of the PHPS precursor into a robust SiOxNy network. UV-Vis measurements revealed that the
coated films maintained high optical transmittance (>88%), ensuring optical suitability for photovoltaic
transparent backsheet applications. Water vapor transmission rate (WVTR) tests demonstrated a significant
reduction in moisture permeability (<2 g/m*-day) compared with bare PET films, while adhesion tests showed
strong interfacial bonding between the SiOxNy coated PET film and silicon substrate. Furthermore, even after
accelerated aging under Pressure Cooker Test (PCT) conditions and UV irradiation, the films retained high
transparency and excellent moisture barrier performance, confirming their durability and environmental
stability. Overall, these results demonstrate that SiOxNy-coated PET films offer a sustainable, transparent, and
high-performance alternative to conventional fluoropolymer-based backsheets for low-carbon photovoltaic
modules.

Key Words : A k4~ (low carbon footprint), B %3 & &(photovoltaic module), H]&4~#] (fluoropolymer-free), £ 24
A| E (transparent backsheet), = 2] 4 212} (perhydropolysilazane)
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Radiation-Shielding AZO-Coated Glass for Durable Space
Photovoltaic Modules
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Key Words : & HFALA] 2|49} (transparent radiation shield), &5 0]5 =3 AFslo} ] (Al-doped zine oxide (AZO)),
S 2] FA (post-treatment), HAA BFAL (electron radiation), 3-8 B934 L& (pace photovoltaic

module)
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A Study on the Azimuth-Dependent Power Generation Characteristics
for Operational Optimization of Building-Type East-West
Photovoltaic Systems
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Key Words : Elj %33 2H74 A 2l (photovoltaic power generation system)H-9]ZHd 2H4 E-AJ(Azimuth-Dependent Power Generation Cha
racteristics), -5} 3-4H(Load Distribution), 7|4} 27 ¥4 wj €l (Weather-Dependent Generation Pattern)
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Demonstration and Operational Characteristics of Distributed
Community Virtual Power Plant Model
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A Study of LCOE Model for PPA-Linked Rooftop Solar Power
System in Industrial Complexes
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Levelized Cost of Energy), A} 5-%] LCOE, &8¢ Eld-Al (Bankability)
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Future Energy Management Plan for the Chung-ju Area through the
VPP Platform
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Highly Efficient Methylammonium-free Sn-Pb Perovskite Solar Cells
with Inorganic Hole Transport Layer
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Seojun Lee*, Han—Gyun Lim**, Dong—Won Kang**'
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Abstract : High-efficiency Sn-Pb mixed perovskite solar cells (PSCs) have largely relied on PEDOT:PSS as a
hole transport layer (HTL). However, its intrinsic drawbacks such as acidic corrosion, poor long-term stability,
and low near-infrared (NIR) transmittance limit their practical application, particularly in tandem or infrared-
targeted architectures. These issues have led to suboptimal device performance and hindered the development of
stable, methylammonium (MA)-free Sn-Pb PSCs employing inorganic HTLs. To overcome these limitations,
we introduce a combined strategy utilizing Al-doped NiOy (ANO) nanocrystalline HTLs and Gel, additives in
MA-free Sn-Pb perovskites. Through interface-selective GeO, formation derived from Gel,, Ni’* states in NiOx
are effectively passivated, Sn*" oxidation is suppressed, and the energy-level alignment between the perovskite
and HTL is optimized. This interfacial stabilization is further supported by reduced trap density, improved
crystallinity, enhanced carrier dynamics, and suppressed non-radiative recombination.The resulting MA-free
Sn-Pb PSCs achieve a power conversion efficiency of 23.34% with a high open-circuit voltage (Voc) of 0.88 V
and a fill factor over 81%. The devices also demonstrate robust operational durability, retaining over 95% of
their initial PCE after 4320 hours. This work highlights the critical role of targeted interfacial engineering in
enabling scalable, efficient, and stable MA-free Sn-Pb PSCs.

Key Words : 4]- 3|2 2 A7}0]| E(Sn-Pb perovskite), Al 20t AFSHE(Germanium oxide), W E 42 5-F3H7
(Methylammonium-free), 3| 2 H A 7}0] E €] 97 X| (Perovskite solar cell), A 2] 27 -8-(power conversion

efficiency)
" Corresponding author, E-mail: kangdwn@cau.ac.kr
7|

B Ay Belr] s RN Aelos X2 ol 8 A7 AU T @IS : RS-2023-00217270,
RS-2023-00212744, 2023K2A9A2A08000151).

0

* 199 -



2025 = SHEEHUOX|EHE| FAHISHaWELNZ](2025.11.5.~2025.11.7.)

H2HA7I0|EY A3 U 1ESE T4 9 PR
8

Dimethyammonium-incorporated Wide-bandgap tin Perovskite for
Efficient and Stable Lead-free Tandem Solar Cells
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Abstract : Tin-based perovskite solar cells (TPSCs) have emerged as promising lead-free alternatives to
conventional lead halide perovskites. However, achieving efficient wide-bandgap (WBG) TPSCs remains
challenging due to phase segregation and crystallization issues associated with halide composition tuning. Here,
we introduce a compositionally stable approach by incorporating dimethylammonium (DMA) at the A-site of
the perovskite lattice, enabling bandgap widening from 1.63 eV to 1.72 eV without additional bromine content.
This strategic substitution induces lattice expansion, enhances crystallinity, and reduces structural strain,
resulting in improved film morphology. We further employ a dielectric/metal/dielectric (DMD) transparent
electrode to fabricate high-performance semi-transparent TPSCs (ST-TPSCs), achieving a power conversion
efficiency (PCE) of 10.37% while maintaining excellent near-infrared transmittance. These properties make the
ST-TPSCs ideal top cells for tandem integration. By stacking them with a narrow-bandgap (NBG) TPSC, we
demonstrate a four-terminal (4T) lead-free perovskite tandem solar cell, reaching a combined PCE of 15.02%.
This represents a significant advancement in fully lead-free perovskite tandem photovoltaics. Our findings
highlight the potential of DMA incorporation as a powerful strategy to stabilize WBG TPSCs, offering a new
pathway for high-efficiency, environmentally friendly solar cells. The development of transparent, stable, and
efficient lead-free tandem architecture paves the way for next-generation photovoltaic applications.

Key Words : 54 5| 2 B A7)0 E g]9FA %] (Tin-based perovskite solar cell), &-2 Y1 =7 (Wide-bandgap), T W2 -
X5 (Dimethylammonium, DMA), F-<1 (Lead-free), Bl €] %FZ1 X| (Tandem solar cell)
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Fabrication of Inorganic Perovskite Thin Film Using Vacuum
Deposition System
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Abstract : Perovskite thin-film solar cells (PSCs) have garnered significant attention as promising candidates
for next-generation photovoltaic devices due to their remarkable power conversion efficiency (PCE), and low
cost. However, the commercialization of perovskites is hindered by their low thermal stability. In contrast,
inorganic perovskite thin films offer greater thermal stability, driving increased research interest in this area.
Among fabrication techniques, vacuum deposition has proven highly effective, producing solvent-free thin
films with superior coverage, purity, and reproducibility compared to solution-based processes. Furthermore,
vacuum deposition supports continuous deposition, a critical advantage for manufacturing multilayer thin-film
solar cells. As a result, this technique has become a cornerstone in the production of high-purity, thermally
stable inorganic perovskite thin films.

Key Words : #| 2 B A~ 7}o| E €] 984 X|(Perovskite solar cell), Z1-5- =ZH(Vaccum deposition system), F-7] | 2 H A7}
©] E (Inorganic perovskite), B2} Z=2}(Thin film deposition, 3374 A} 333K Optoelectronics)

" Corresponding author, E-mail: jclim@cnu.ac..kr

201+



2025 = SHEEHUOX|EHE| FAHISHaWELNZ](2025.11.5.~2025.11.7.)

dol4 BEA ) f2uAslelE 2R A% BA

Elucidating the Perovskite Crystallization via Optoelectronic analysis
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Abstract : Metal halide perovskite materials have attracted significant attention in the field of photovoltaics due
to their excellent optoelectronic properties. In this study, we investigated the crystallization kinetics of
perovskites using in situ light-scattering measurements. This technique enables real-time monitoring of optical
scattering behavior within the perovskite precursor solution. Moreover, the layered structure of Pbl, interacts
with the A-site cations, leading to a phase transition into an ABXs perovskite lattice through corner-sharing Pblg
octahedra. By controlling parameters such as temperature, solubility, concentration, and purity, we demon-
strated the critical influence of crystal quality and grain orientation on the overall optoelectronic performance.

Key Words : ¥j| 2 H ~7}0] E (Perovskite), Crystallization (27 437, In-situ (A A]Z}), Optical Scattering (3-8} Akeh),
Optoelectronics (347 7] &A1)
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Functional-Group-Oriented Anti-Solvent Additives for Photostable
Perovskite Solar Cells
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Abstract : Metal-halide perovskite solar cells (PSCs) achieve high power-conversion efficiencies but remain
susceptible to photo-induced degradation caused by mobile ions and phase segregation. Here, we introduce
positional isomers of pyridine-carboxylic acid, namely pyridine-2-carboxylic acid (2-PC) and pyridine-4-
carboxylic acid (4-PC), as ultra-dilute anti-solvent additives and use a suite of structural, optical, and electrical
probes to track their impact on film quality and device stability. Both additives enlarge grain size and lower trap
density, yet 4-PC, which features the carboxyl group opposite the pyridine nitrogen, delivers the strong
passivation, reducing trap density by = 27%, suppressing light-induced red-shift behavior in photoluminescence,
and enabling unencapsulated devices to preserve over 90% of their initial efficiency after 1,000 hours of 1-sun
exposure. Spectroscopic and transient measurements reveal that 4-PC simultaneously passivates Pb-related
defects and halide vacancies, inhibiting ion migration and halide phase segregation under operation. These
results establish functional-group orientation as a powerful, easily implemented design rule for molecular
passivators that substantially extend the operational lifetime of perovskite photovoltaics.

Key Words : H|2H A7}0]E E|9FA ] (perovskite solar cells), ¥H-8-1] 714 (Anti-solvent additive), HA]H|o]A
(passivation), 332+ Al (photostability), 3324 (spectroscopy)
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Bication Thiocyanate Salt for Stable Perovskite Thin Film
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Abstract : Organic-inorganic lead halide perovskites have emerged as frontrunners in next-generation
optoelectronic technologies due to their exceptional optoelectronic properties. Despite remarkable advancements,
their commercialization is hindered by poor intrinsic stability and suboptimal charge-carrier dynamics. In this
work, we introduced thionate-based additives, 1-butyl-3-methylimidazolium thiocyanate (BMIM-SCN) and
1-butyl-3-methylimidazolium lead thiocyanate (BMIM-Pb(SCN);), as effective chemical modulators to simul-
taneously enhance the crystallinity, surface quality, and environmental resilience of hybrid perovskite films.
Incorporation of these additives facilitates the formation of dense, uniform crystal grains with improved surface
coverage and significantly reduced surficial and interfacial trap states. The modified films exhibit superior
charge transport behavior and demonstrate remarkable resilience under humid, thermal, and light stress, outper-
forming their pristine counterparts. Specifically, BMIM-Pb(SCN); proves particularly effective, synergistically
enhancing both charge-carrier mobility and long-term film stability. This dual-functional additive strategy not
only passivates defects but also regulates the structural evolution of the perovskite layer, leading to improved
optoelectronic performance. These findings present a viable route for stabilizing hybrid perovskites and
advancing their practical deployment in photovoltaic and optoelectronic applications.

Key Words : Stability of perovskite, Additives, Perovskite thin film, Perovskite analysis
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Biotin Additive Approach for Record Performance in Wide-bandgap
Tin-based Perovskite Solar Cells
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Abstract . Achieving high efficiency and long-term stability in wide-bandgap (WBG) tin-based (Sn-)
perovskite solar cells (PSCs) remains a major challenge due to rapid crystallization, Sn** oxidation, and defect
passivation. Recent advances in additive engineering have shown that multifunctional additives can
simultaneously address multiple bottlenecks by regulating crystallization kinetics, passivating deep-level
defects, and suppressing Sn** oxidation.

In this study, we focus on the role of naturally derived Biotin complex as a representative multifunctional
additive. Biotin interacts with Sn** through Ureido (C=0, -NH), -COO", and S-C groups, to allow controlled
crystal growth, defect passivation, and chemical stabilization. As a resultm the Biotin-1.0 device achieved a
record efficiency of 12.84% (certified at 12.50%) and maintained 77% of its initial performance after 1460
hours in ambient air.

By identifying the multifunctional roles of Biotin, this study opens a new path for eco-friendly, lead-free tandem
photovoltaic power generation, with industrial relevance.

Key Words : 318+ 8]} ¢](Chemical coordination), 524] #| 22 H A7}0] E g9 X|(Tin perovskite solar cells), 23} 1|
Al | 0] A4 (Defect passivation), H|E}7] H H}-0] 2 €] &34 (Vitamin H Biotin complex)
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Evaluation of Thermal Emission Characteristics for Photovoltaic
Module Materials
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Abstract : A1 214} 7] S sto] 557 flof A AA A o2 A SR AL, g4 Y
Zedlo uk] glok nE w o] w2 A SALE 1 Qi) E5] AEAAE ok E‘:(BIPV Building-

Integrated Photovoltaics)2- B 54 2hxl o] 7158 Bal ofu gt An| = $48le] A=E9 A= T
£ 2138 4 Sl el 32 A28 s AL bl whet 1% 409 o) el Sag
o|lfpE KAFE|1 9lom, ofof whet A EE YA R A 8= = BIPV T3 Y44 =59 Y3} 5ol &+
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Key Words : A5 YA S g3 2 E(BIPV, Building-Integrated Photovoltaics), &2 & 2] 1] €] (Cone Calorimeter), S}
A QA A (Fire safety), &< E-(Heat release rate)
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Attificial Intelligence Model-Based Random Spectrum Pattern
Prediction for Variable Chemical Stoichiometry in Perovskite
Materials
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Abstract : Numerous research papers have explored the fabrication of solar cells using organic-inorganic lead
halide perovskite compounds. Significant investigation focuses on quaternary perovskite solar cells by varying
the ratios of methylammonium, formamidinium, 13, and Br3 to enhance efficiency and stability. However,
changing stoichiometric ratios leads to vastly different photoelectric properties, complicating the study of the
quaternary perovskite's characteristics. In this research, the optical characteristics of perovskite materials with
varying stoichiometric ratios were assessed using ellipsometry and analyzed through an optical simulation
model. The trained Al model predicted optical properties closely matching ellipsometry measurements,
revealing trends in refractive index and extinction coefficient that align with specimen color variations. This
innovative approach not only enhances understanding of perovskite materials, but also lays the foundation for
future developments in solar cell technology.

Key Words : 21-5-%]5(Artificial Intelligence), 3| 2 B 2 7}-0] E (Perovskite), 318+2F = H](Chemical Stoichiometry), E-F
Z] 23 E & (Random spectrum)
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Interfacial Oxidation-Controlled SiO, Barrier Films with Improved
Moisture Resistance for Potential Application in Solar Cell
Encapsulation

Su—Jin Kim*, Younghoon Kim*, Eun Mi Kim*"
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Abstract : Maintaining airtightness and moisture resistance without increasing material thickness is a key
challenge in achieving high energy efficiency in zero-energy buildings (ZEBs). In this study, we propose a
plasma-enhanced chemical vapor deposition (PECVD)-based approach to fabricate thin, durable SiO,
moisture-barrier coatings applicable to building envelopes and energy-saving window systems. The process
integrates interfacial oxidation-reaction layers (ORLs) during cyclic deposition of organosilicon precursors.
These ORLs promote removal of carbon-containing residues and enhance the Si—O network cross-linking,
resulting in improved film density and mechanical stability. Optimized oxidation conditions increase refractive
index, reduce residual stress, and suppress micro-porosity, providing excellent long-term reliability under humid
and thermal cycling conditions. Spectroscopic and microscopic analyses confirm the formation of strong Si—O-
Si bonding and uniform Si/O distribution. This interfacial-oxidation strategy enables thin, high-integrity SiO,
coatings that contribute to enhanced moisture resistance and overall energy efficiency in ZEB applications,
while maintaining low processing cost and scalability.

Key Words : Interfacial oxidation, SiO,thin films, Moisture barrier, PECVD, Zero-energy building (ZEB)
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A Study on the Optimization of Cyclically Deposited SiOxCy Films
and the Improvement of Barrier Performance for Solar Cell
Applications
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Abstract : With the commercialization of next-generation flexible solar cells, the importance of high-
performance barrier films that can protect photoactive layers and electrodes from external moisture and oxygen
is increasing. In particular, low-temperature-processed perovskite and organic solar cells are highly susceptible
to moisture-induced degradation, requiring encapsulation technologies that ensure both low-temperature
compatibility and long-term stability.

In this study, SiOxCy thin films were deposited by plasma-enhanced chemical vapor deposition (PECVD) at
temperatures below 100 °C using hexamethyldisiloxane (HMDSO) as a precursor. Although SiOxCy films have
attracted attention as promising barrier materials for flexible electronics, performance improvements in
single-layer PECVD structures are limited by thickness, and excessive film thickness leads to residual stress
accumulation. To overcome these limitations, we defined the “effective thickness” as the minimum unit thickness
at which a single oxygen reaction during film growth achieves sufficient inorganic conversion and densification,
and proposed a cyclic deposition strategy based on this concept.

As a result, the optimized effective-thickness condition simultaneously enhanced water vapor barrier perfor-
mance, film density, and chemical stability, confirming the formation of a denser inorganic Si—O-Si network.
This study provides new process guidelines for achieving both stability and performance in SiOxCy barrier
films and demonstrates their potential as high-functional encapsulation layers for next-generation flexible solar
cells.

Key Words : Solar cells, Encapsulation, Water Vapor Transmission Rate, HMDSO, Plasma Enhanced Chemical Vapor
Deposion
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On-site Recycling and Carbon Reduction Assessment of End-of-Life
Modules Using a Mobile Recycling System
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Key Words : El| %33 2 E(Photovoltaic Module), €| %53 5|3} 'd (End od Life Photovoltaic Modules), ] Z-&-(Recycling),
A& A7 34 (Low Carbon PV Module’s Recycling Process), ©]5-4] 2|28 & 2](Mobile Recycling
Process),
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Analysis of Balcony PV Power Variation by Layout and Orientation
of Apartment Complexes
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Key Words : 234 g FZ(Balcony Photovoltaics), o}t E €l 9F33(Apartment Photovoltaic System), Bl &F331F4 A] 2l (Photovoltaic
System), =9 E-4](Shading Analysis), 357 2 54 (Power Generation Analysis)
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Heated Antisolvent-assisted Pre-annealing Strategy for Efficient and
Uniform Perovskite Solar Cells
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Dong—Gun Lee*, Dong—Won Kang**'
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Abstract . Recently, perovskite solar cells have received substantial attention, because of their attractive
characteristics such as tunable bandgap, flexible material property, low fabrication cost. In order to improve
perovskite film quality, there have been many efforts up to now. Especially, antisolvent treatment during
perovskite film formation has been the most widely used method for facile formation of pinhole-free and
uniform perovskite film.

In this work, we studied a more effective antisolvent treatment method for much more uniform and pinhole-free
perovskite film using heated antisolvent. We observed poor coverage of intermediate phase perovskite film after
room-temperature antisolvent treatment. After annealing on a hot plate, the poor coverage induced some
pinholes and craters on the final perovskite film. On the other hand, the heated antisolvent treatment was able to
help forming full-covered intermediate phase by pre-annealing effect. The full-covered intermediate film easily
formed pinhole-free and uniform perovskite film after final annealing. Consequently, power conversion
efficiency was enhanced from 15.53% to 16.72%. We further analyzed characteristics of the heated antisolvent
treated perovskite solar cells by electrochemical impedance spectroscopy, space-charge-limited current, etc.
This method will further improve antisolvent engineering methods, and contribute fabricating much more high
quality perovskite films.

Key Words : Perovskite solar cells, Antisolvent engineering, Heated antisolvent, Semitransparent solar cells
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A Multifunctional Interfacial Approach Toward Efficient Sn-based
Perovskite Solar Cells
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Abstract : Sn-halide perovskites offer a lead-free route to efficient photovoltaics but suffer from rapid
crystallization, deep defects, and unstable contact with PEDOT:PSS. In this work, we present a simple
interfacial strategy in which diethyl-methyl-octadecanoyloxymethyl-ammonium iodide (DMOAI) is inserted
between PEDOT:PSS and the perovskite. The ammonium and carbonyl groups of DMOAI coordinate with
Sn-halide to delay crystallization in the perovskite, passivate defects, and suppress nonradiative recombination.
The long alkyl chain of DMOALI interacts with PEDOT:PSS and lowers the surface energy, which leads to lower
nucleation density and reduced interfacial strain in the perovskite. Consequently, DMOALI induces the formation
of a compact and uniform perovskite film free of pinholes. In addition, DMOAI makes the PEDOT:PSS energy
level deeper and reduces the valence band offset with the perovskite, which results in faster hole extraction and
lower nonradiative losses. After introducing DMOALI, the power conversion efficiency increases from 10.42%
to 13.39%, while unencapsulated cells retain 85% of their initial efficiency after about 2500 hours. This multi-
functional interfacial modifier delivers concurrent improvements in the performance and stability of Sn-based
perovskite solar cells and provides a promising pathway toward the rapid commercialization of lead-free
perovskite photovoltaics.

Key Words : 3| 2 2 A7}0] E gl 9F 74 X| (Perovskite solar cells), H| 'Zr(lead-free), 34 7]1WH(Sn-based), t}7]%5 A A o]
7] (multifunctional interface modifiers)
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Carrier-Based Dead-Time Compensation Method for Multilevel
Converters
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Key Words : HE] ¥ 79 € (Multilevel converter), =€ X AK(Dead-time compensation), 7ij2]¢] 7|5t PWM
(Carrier-based PWM)
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A study on Artificial Intelligence Fault Diagnosis Model for
Photovoltaic Systems
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Key Words : AR o 11 2] <(Fault diagnosis algorithm), 127 9121 B4 & &l(Fault types analysis model), 1-& 2|5
(Artificial intelligence), B 9F3F 2HA A A H) (Photovoltalc System)
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Performance Comparison of Pin-type DP and Helical Foundations
Applied to Soft Ground
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A3 N 7% /25 A 3H A45E AEY
L DISTR LR L

Development and Optimization of Conductive Paste for Electrode
Sheet-Based Cell/Module Integration Processes

* * * * * * * T
HRE* ZFEY ZYUFF, ZHFF MM HuF Us

*

Yong Joon Kwon*, Jun Won Kim*, Min Gyu Kwak®, Sungjun Cho*,

Sung Deok Seo*, Bin Seong*, Donggun Lim*'

*ghm B ofsha A3}

Abstract : 27478 A2 2 PR = A&0] o] B4 Al Tl met F7 a8 e A7

To okl k. oo Ayt HEg Soolhe A-ia Ao 32 A B E Y] $2 dijte 2 A4
"ok & AdFoA = HE A5 S0 A= 92 L s A= AT AE 7 B A2 7S A
kTt A= AIE 7|0 BE3 W AR} Qle A ARSsh, A A5 Al E= dhujdlo]d 34 ol A
200°C o] 3tof| A &b Fote] o] =t o] & sl 2(Ag) AR} oA s A7 A& o8t
A=A wlo] A ES TSI 2w, 70% o] 4] 2 At vlA| AAeE Sl AdES 2 aosk ek E
SO ZAA W A7FaA] 22 0 A4S A T}to] AT Bk EAS ST M A E= PET9}
EVA 5o n|A| Z& F43tL wo| 2 EE S - Aot YA 22 AltE e, o8 A& e
17% o)) Taa 23ttt ok, A5 AL = oIt 37 a8 42 A= e, ol &5 1
O|AE =AM 34 A S Tl A e Ao R 7IviEnh A=A Al (85°C, 85%RH, 1,0004]71)
A &9 s Qlo] 23]8 F7hshs @Al UEb e, ol ghudlo]d B oA o] 2ebd H=ol Al
G A 2358 idE Aoz dotdnt 2 A7 e FFA-LE dAE AR s Tttt H o

7} A7 915k A4 7 7R B8 4 9l Ao A,

—_—

Key Words : A=-A] E(Electrode sheet), Al/2E LA} &7 (Cell/module integration process), =}1]d|o]A(Lami-
nation), % &= 4] #] 0] A E (Conductive paste)
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Optimal Design Framework for Large Scale PV Modules Using
High-fidelity Surrogate Model

<

= % = % X * %
S, YET, AST, YN

*

Dongwoon Han*, Hyokyu Kim*, Dongjin Choi*, Seongtak Kim*'
S AIA | AT Y7 e A SRR VS AAREIE

Abstract : This study presents an advanced optimal design framework for photovoltaic (PV) module frames by
employing a deep learning-driven surrogate model trained on finite element analysis (FEA) data. Conventional
PV modules have retained standardized frame structures for decades, leading to limited design variation. How-
ever, the growing size of PV cells, the rise of building-integrated PV systems with diverse geometries, and the
industry’s movement away from aluminum frames for carbon reduction demand more tailored design solutions.
To meet these challenges, a high-fidelity deep learning surrogate model with over 99% prediction accuracy is
developed and applied to frame optimization. The proposed method enables the creation of lighter frames while
maintaining or improving structural performance compared to traditional designs.

Key Words : €l 9F33- 5 -E(Photovoltaic module), 3-3F.8 43} 4] (Finite element analysis), 11354 == (High-fidelity), T

H d(Surrogate model), E #d (Deep learning)

" Corresponding author, E-mail: seongtak@kitech.re.kr
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o

243 Yot oty ofdld Ady
g9e 98 94 97

A Study on the Selective Reduction of Zinc from Calcine Using
Waste Solar Cells

% bRk, KoKk * kokok KRk * kokok Tk Hokok T
AT, ardm ™, o, F WM, 2HE

Changjeong Kim**** Jinseong Kim**** Ajin Im****
Minseo Choi****, Jeipil Wang***** "

L =] ) O AT kg 3 O3 IFHE I ATF 37
RS B3, Rt §ALATIE FETIAT

*E%BB21 Plus Team
Abstract : OFA(Zn) =i, T, WA 5 TR ALY 2ofell] BaA o A= A 540
Ak, A AR vFol R o] Qlof WA S 2R E O] Zn B4 7] Aide] HAF TR AL )
o 3t 7] 20 g 2kl 32 =2 oflUA] avjeh 2AVRA v ES RS E R, v]ekAA] A
S 283 e Al $4 9] /o] diFE L Qlrk. ofef] & ol = we F=3Al(Waste Photo-
voltaic Cells, W-PCs)of] 1 v|eha7] &hed4] A<l 2] 2(Si)S 0183t £2330F¢1(Zn Caleine) . 2
FH 55 ofde 2] #4375 ASIGIT. ZnO2F W-PCs9] &otv] = =v] 7|0 =
1:1,1:2,1:308 24319) o v, Wk 2 oF FA A 2421 1000 °C, 1 h= 3243}t ke jE-S- &
SEFOA A= Blesto] XRD2F SEM 242 F3f A Hgke} vjH =S Selshi L, e
XRF2}ICP 45 &2l Zn oF-d& A3t lrh. SEM 24 A3}, 352 obel 3-8} oF 38 um =
O] Jrg BRI 5 %l e, o= el ke T A E 55 Zno] vASHA| 5352 AR A
A3}, W-PCs J7efo] S7teda= Zno] &9 9l 85 50| FJH e, ZnO : W-PCs=1: 3 (&H])
24014 7HE w2 W S5 45 UER. T 08, s 240 A oF 96 %2] Zn )&
I g2 =k g4/l SR Eglon, o)z e =3 W Sio] ZnO 2hel Whg-& Fx13h= Eb#Ql 1]
gt S A& dssth

Key Words : 5| €} 9334 (Waste Photovoltaic Cells), 4~33-0}¢1(Zn Calcine), 4! 2] (Silicone), H]gtAA] 2+ A (Non-
Carbon Reductant), 4] -9 (Pyrometallurgical reduction)
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PVE-P-28

kg Hu2E ALS Ay 294 FH AgE 53
I14% SisNg 94

Rapid Synthesis of High-Purity Si;N; through Two-Step Direct
Nitridation of Recycled Silicon from End-of-Life Photovoltaic
(EoL PV) Modules

LZBRIRE ZET|SPF QIJH R o] KA T
Juhee Son™*** GiHwan Kang** Wonbin Im***, Jinseok Lee*'

*RROIL 4 7| AT A YA 2R AT, FERIeIL 47| AT et AT,
S DL EERNE RS b

Abstmct' A AAZ S & A Aehal gaay AdE 93 o] ot A, e ofd i
A Ao HARA 1 E:Lol T3] S7FskaL it Ao | A 7] FHIEA)of| w2, 2T E |
JsL WP 9] Al AR S5F-2 FEE8] S7Eske] A AA e Aol A ZFX| 8= vl Fo] A|EH o0&
Qi et o9} QE 4% B SR 717k vl ol thEke] Hef g s WAy % =z Ao
2 A, o]o M2 4 EAIe A £2ke] Fa o] AEA dFE AL k. & Aol A= H
OF L5 of| A 3= A8 Al 8] E(recycled silicon, 1-Si)2 oA A2 B9l A= 2 AASHE, o] &
Y= E A2tA(Silicon nitride)E F/J3HATH R AdEfoll A A4 33 E971&E 245t A3}

& st on, daet AelEo] Hh-E-sh 1350°Co]| A X“\VP A3} F4& Aol = s)

31 3 520 ehigeh. olef wlA] 1350°Co 4 Alelt stle] ok siokg: 94l . delel £
olgoR 2ws gel 27 4te Ak 28 Aot B4 S Agshack 1 ATk HE 3 Aol

5 AL ROl S XRD 2412 53] SH4Isf o oof, SEM PSA 842 5 MR
S3tgick. B3, 2 S8 SAGNA ) W3- EE 20 A BN A A BA HIAUZS 1Y
Qe o e Hea delte] Db B8 7R S S E FA, s
:I:IL

AR A H A E A4 9] 7Rk vt b 7101%‘ ALz 7|

1_1

)l

Key Words : €94 X -E(Photovoltaic module), A&-8-(Recycling), 4! 2](Silicon), 7<= (High-Purity), Z3}4f4
(Silicon nitride), 213 2 3K Direct nitridation)
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[ PVE-P-29 ]
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4 TiOA|A

High-Purity Silicon Recovery from Waste Photovoltaic Modules via
Aggregation Control and TiO, Removal

olo
2
12
=L

0|}gE**** Q7|Q‘** Q.‘E;Lé.l*** O|X._|5.|*T
Seong—Pyo Lee**** Gi—Hwan Kang**, Hyo—Sik Chang™*, Jin—Seok Lee*'
o U R 7] AT Y AAAYA AR AGA] FEgk o Y R 7| & A Bkl et
ksl o x| 2slr| & ek

Abstract : Efj oF333k4]

2710 A A A A 0.2 A whe ) A shs A4 TRs e U A9 s, 715t
ool B4 Al A

0 g Atk ofof mheh, 20009 ) 2o A E g T du] 5o 25-30d 9]
H tehe A717F melshe B o wl g o] WA F ] S Aol dlidEof HtE Qg Ve
T80 FAE L o B T g Ulolls S Yl dRlEe s, AR vlE, 2, 72 Y
F7F a0l ZE Atk o] T A2lEE AB-Eohs A2 olu A HeFAd 22 A E e
T A7)l B GRS 2 asetaL, =gt BAlE Adshs A 87t E Aojh & Aol A= B
HEof xE = Ewae] e Hadelal Ak AES 345t SRt AEAQ FEe AR
ot A2 Yolw & ahaf e o, mhafgH] O] & RPMS 23 0] 3342 fat, o] 5 Ak of & 2 o A
=iE Al BES gojEels w/lo] At whEbA E4 8] o RPMZ 22 ohd W sE o2 A
T} A2 AT 20 £ SRS PSA, SEM 245 S8l E¢lstalon,
NA& 283t BZladd AlS] A7 m&-g s3I ehd, aeha] o 2 hAsto]
HO2 AAEA = 1tekEeaE] Tioxes oA o= 2ol 1ot 2FAF ==& A5t
- TiO= A2 2 JAET A3 2h2 3715 2hs Zlof Aetsto], & Aol A e ol & £2=0]
Foll -5 el oll A el d 275 4-8-5ko] £l A TiOE 22| skt 52 At #1881
[AA2717F 2 AR 22 90%014 2l A vlAIgE Tio, 82 70%01 4 Al Akt e =714
283101 IN(99.9%)°1d == dE|Ee Rl o, ol &= HiE =4, Al
G LTI AR Y] AR R E8E o e TS HoEth
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Key Words : Bj2F37 #|RE(Waste photovoltaic modules), A 2]& A &-8(Silicon recycling), -37A|o](Aggregation
control), A} = 7] 2] (Particle size separation)
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PVE-P-30

Assessment of Green Hydrogen Production Potential of
Reservoir-Based FPV-P2G Systems

O|FB* LA ZIZ3|* DI HiMo** Sixtox!
Junhyun Lee*, Soyeon Kang*, Dohee Kim*, Minkyeong Kang™*, Jeongwoo Park™*,

Chang—Uk Hyun**'

*ojejsil §7 - oY A BER uleol A AT,  FoldistaL o x| - Aeg st}
Abstract : A2 = S LRE0] A3 o) Wk IR Q) g BES 2EE UE S 3o &
Rcherd Fgo] 505 . © 51.9.4] B o ¥ (floating photovoltaic, FPV) 41
ul 2} 7127} W FHpower-to-gas, P2G) A2~ 8-S Q173E -9 Qg el A Aol ] AAka} 42 o]
HS 7oA gt 2 At FARE A Y A A E H O &2 FPV 7|8 P2G A| A8 4851 17
PaE I o] & 4wl 0] Q1R 20| F8-2 H745HaA steiet. o 2 $19) PlanctScope $14 4T
of] A4 E X 4>(normalized difference water indexS -85} #*|4=%2|9] 4~ WAL As)s1al A 7|
9] BES Hredsio] FPV AAo] Haket A4x des Agslaleh ek WA A4S 9
AreGIS 432 E9J0]2] B7HEA 7]k ejo WH A A2 S WolelaL o] Tl A LAl Blo|E 2 3
3hg 3ol WA AAFSIQIT. AL TS o R AR VST S AR F Ak Sd
A7 28] A7 A= 4= Q0 vl sto] F tiA| 7 A& A48T 4] A3} FPV 715 P2G A A F]
0% HATE Sk BAY L3 LEAA O] A T3 HeE 202 ek

Key Words : £--5-2] g} 9F34 9F7 (Floating Photovoltaic), 7 2]-7}2~ ¥ (Power-to-Gas), =4 284k Hydrogen Produc-
tion), NDWI (Normalized Difference Water Index), #]<=%] &8 (Reservoir Utilization)
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A 9 ubdE QLS A 180 3A 7P
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24 GEHPT TAN2Y By AE

AE

Feasibility Review of 180-Degree Rotary Variable Vertical
Agrivoltaic System for Improving Crop Productivity and Power
Generation

=ik T — ok Zkkk O LOKkKE =l =| TRk
QU™ AMFE™, A2S™, BILE , 3|2t

Cheolhyun Lim*", Juyoup Shin**, Geunho Kim™**, Gayoon Yoon™***,

Heegwan Chae™****

oo YR g ghar, FFoJAAE] | FEEE oL X A, R e A7, HHEEFHKO
Abstract : 7] EAF A 4] 5 Bl Al 2H 9] 22 AFE(15~23%) EAIE sl dstr] 8 =3
2](90°)E A5 AFES 9% °l5
(B-W H-$))2 7]& 30° 4 A #] tfju] e aFo] ~10% A8t o, 53] A2 AIZHH(10A]~14A] )0l A
o] Fofs A= ZEA Q) A S Zheth B e A o W ATE A2 GAsHHA B &
S B71F 0 2 JfAstal Z2HE Aol 22 8tE L3S 55 A0 2 AlFs] Y3 180° 3] A =2 7}
g A AES A 811 Solar Pro 5.0 A4 BALS B8 A5S Hud oz B4kt
ZAr mAL A3f, e -4 180° 37 WA A-8-ge wf 422 A A)(E-W) tjv] 34.6%2] & 7]l dt
A G dAsIFoH, o= ATt o 2] & Sl A BE ok 1A 4] tiv] 11.7% -2 A%l
B3t o o], 180° & 2] B Ei= FHA Al5(Bifaciality, 0.5~0.9) ®13}o]] A3glo] oF 124%2] ujj-¢-
P29l of| 1 #] o] 5% Bl HAF 18E % 7FeAS UFsth E3L A A £0]5 0.5mo
A 2m7HR] F7FA S ) e EFo] oF 1% AMs sl S Bolsto] A|AE] AA| A5} @ A8 &35S
T 2HE A8 -4 IE(90°/90° 3] 4) & Al = 422 4] dfH] 5.9%2] 7} vHA kS 3hEsto], &)
B XS gl 12 33 55 Ao 718 vh skt
A2l o] 1AlE) A BHRE Q5 A A ATFEA, BEQ] Tl tiet 22 PdAdS Fistehs Y 7)o
o] 27} g S Eest9 o, HA ol XAk Lo ZekaE wold W 2 E ERQ(PIN) A|A]
TS A-gsto] A A"e] 2GH]-8(OPEX) ¥ A H4(0&M) F-5H-2 H|Aslst it A4 Ad U= 54
7149 U 2,000m” 7150) ASThA] &S ok sk, AAF HAF AV ulgho 2 d% A58 37 Folu)

[ Mo for > px

Key Words : =% %33 g]9F3T (Vertical Agrivoltaic System), 180%= 343 € =4 (180-Degree Rotary PV), 2H2 =
3FA}(Energy Yield Improvement), X34 A ¢{(Shading Control), T4 2] A 7155 (High-Reliability Actuator)
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Mg W2 " EAA LR AKX BT}

An Economic Feasibility Analysis of East-West Oriented Solar
Photovoltaic Systems

ZIZz35[* Ziolz=* "idop*  QFs|A* ZIRE*T
Ju—Hee Kim*, Minkook Kim* Young—Ah Park* Hye—Jeong Yang*, Yong Hyun
Kim**
g7l AlYA A4
Abstract © EHA~ A3tz Aol 2] e % 2—10] 7443h of) whet e okag Al ARl 1’414%310 A

oz Le i—?—%‘%‘% et 1y 712 ARTEA Y s S A wiA o wheh g AR Y
Aol T2 et A 35 HFo 2 g A Ak A )] $HA7F 2 A gt
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oHdH "o

AT HES DAL 2 BT RES TEN AE 2 uj Aok 24, ob 3t A A7k o] dA
Fo AR IR 5 Qv o] TR B WA Fets) AlE Fok 54 A F,
S 38 ag T S A0l Ak AU H R WA S A W dd FTAF | ez g
3 A SHolA =T = 3lol, o5 SR AN S(LCOE) Y &2 =54 A1 717F B a3ttt

& Aol M= 5 A B A LR AAY 24 fIske], 5 3 kW, A 3 kW, FFF 6 kW=
B g A 'S 22 s, IR Bl o A 25 9] B9, 3 kW B g S A 2] ]
ENER

Fgtol § 6KW 8402 BASIGIE. W HlolEt mUEY A8 Sojol A2k
2 aslel, 190 (0.2 AAelstol A4 £4 9 LCOE Aaol F-85190ck LCOES| ¢, 27] 4
], 2] A, A58 0 58 efstel AAAS bk 254 89 oF o 9be
o 5] ATk o ek AN AR 0] 70 A 73189 kWh, BA1E e Al s
MPEIRES 672,01 KWhE2 5413 Bjopa uba x| 2 o] wbalao] wief ol oF 8% e 2.0 2 Shol

_\_Ll-

imﬂe i
o N

itk o ZTE /MHO R B AL B4 e oFY A 2510 LCOE 2412 53 AAH 3718 49
531, 0|5 E )2 AHQIThA) ] B4 B WA 280 g8k 3 BHE 7Hs S AlA sk et

Key Words : 5 4| 3F €| o33 24 A] Al (East-West oriented PV system), 73 A A EF3-4d (Economic Feasibility), w53}t
W2 H]-&(LCOE, Levelized Cost of Energy), AFchA] &= Bl 233 (Rooftop Solar in Industrial Complexes),
422 (Carbon Neutrality)
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Study on a Classification System for Photovoltaic Module Life Cycle
Management

* T =
oo |7:||_I_

Changheon Kim*", Ju—Hee Kim*, Jungmin Moon™*
A1 49 AL A AT

ZIX}

loh

* = *
¥, =82

s

*

Abstract : X 47153t oY x| M3to] A M A H 02 7} ] H AL, ek WS o 2] Aol L 2| 2
shars] Ap2jufskar Qlek G50 A=A 29 7] HAS vig e 2 g g i A Hago] w2 2
= Qlom, o] = AE Fito] gekaset oy 2] A& AQlsks A o g 7]tk ok A
H] 27 A-SE Q- FA RS A&84dS Alalshs dA7F SAlo FAskar A CHSE 2EY
ds F3tet S I ag At D A AR AAE o]2gt o2 7]

T, 2 4-HAD, Al A Q) A, XA o, & T HA sk =2 A S
A 4= QI whebA] BE o] 42 2710l 'HAISHAL 41435 1‘41#0}— AAE 2= A2 1A

A FFT ol FHE 9ol DA ol Bjd HE o] AT *lﬂ“ BE QA= voket s
ABHEE ZA AR 27000 ZRAIERetaL, 1 A ZE e of Zrol S A g elele B ZE At
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O\‘i_‘

B TolA nE 1 A AASHE ), T4 LRol th AY ATE e ¥ BE 14

5 S o] ot OﬂéOEFJDNH“:EL}WLi 7182 A g 3% ue

31 141 A5 71l A3t olol A 4, A 71 1 ehatel . oT 714 A 21H Y )
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Key Words : Bl 2%F33 2 E(Photovoltaic Module), 213 %]%5(Artificial intelligence, Al), 5= F7](Life cycle), 7} A&
gl o] A4 (Acceleration simulation), 2} &-8(Recycling)
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PVE-P-34

A Aol Ay A
H
R o

A Minority Carrier Lifetime Analysis Method of Silicon Solar Cells
for Industrial Application

O|AtS]* &35|12* XZEed*

Sang Hee Lee*, Hee—eun Song*, Kyung Taek Jeong*
o A7) ed Y By A

Abstract : In the past few years, the silicon photovoltaic industry has been competing for technology to reduce
the cost of cost/We by improving the conversion efficiency of solar cells. However, as silicon solar cell
efficiency approaches the theoretical limit it has become important to increase the efficiency distribution of cells
by managing the loss factors existing in the production process. Even though some companies are managing the
efficiency distribution through the in-line analysis equipment, preventive action for reducing process defects are
not yet accomplished. For preventing process defects in advance, big data management is required to correlate
the process conditions and solar cells parameters. Hence, an analysis method, which can simply evaluate detail
properties of completed solar cells will be a key technique in future PV industries. In this paper, we introduced
an advanced injection-dependent carrier lifetime analysis logic that can subdivide detail recombination factors
by fitting the carrier lifetime graph obtained by the Suns-V,, measurement with a theoretical graph. In order to
verify this analysis method, 160 solar cells, which were commercially manufactured, were evaluated. At the end
of the paper, we summarize the quantitatively evaluated gains for the low efficiency cells.

Key Words : 45 7] 2] o] =T (Minority carrier lifetime), A 2 &} 215 &= (Recombination current density). PERC €fj %F
Z ] (PERC solar cells)
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Poly-Si F7¢} QAT A4 %7} TOPCon
AR a4 A2 HE0| A3 v]R= ¥

Effect of Poly-Si Thickness and Firing Temperature on Metal Induced
Recombination and Contact Resistivity of TOPCon Solar Cells

O|&3[* &35|2* HAEH*
Sang Hee Lee*, Hee—eun Song*, Kyung Taek Jeong*
o A7) ed Y By A

Abstract . Advances in screen printing technology have been led to development of high efficiency silicon solar
cells. As a post PERx structure, an n-type wafer-based rear side TOPCon structure has been actively researched
for further open-circuit voltage (Voc) improvement. In the case of the metal contact of the TOPCon structure,
the poly-Si thickness is very important because the passivation of the substrate will be degraded when the metal
paste penetrates until substrate. However, the thin poly-Si layer has advantages in terms of current density due
to reduction of parasitic absorption. Therefore, poly-Si thickness and firing temperature must be considered to
optimize the metal contact of the TOPCon structure. In this paper, we varied poly-Si thickness and firing peak
temperature to evaluate metal induced recombination (Jom) and contact resistivity. Jom was evaluated by using
PL imaging technique which does not require both side metal contact. As a results, we realized that the SiNx
deposition conditions can affect the metal contact of the TOPCon structure.

Key Words : TOPCn Ej%FZ1X|(TOPCon solar cell), &< A Z¢H(Metal induced recombination). 333+3 o]u|A]

(Photoluminescence imaging), % & H] #] &}(Contact resistivity)
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PVE-P-36

P* ojulg A Ag/Al AZ YA HHSE F3 TOPCon

B s ¥4

Optimizing Ag/Al Contact Formation on P* Emitters for Improved
TOPCon Solar Cell Performance

ZRON*T, HEEM* ZIRR* O|MBE[* MAE* &2k
Yunae Cho*', June Sung Park*, Yong Jin Kim*, Sang Hee Lee*, Kyung Taek

Jeong*, Hee—eun Song*
el 1 D g s B I e R

Abstract : 758 Ae)E BAA FHE Sl A Aol HE T 24 WHZ ] s} WeHo]
o} Bld Akeha) sjAjH o] B = 8 E(TOPCon) +3+= -3t Al sfAlHo] At B2 HE A &
Al Oﬂ AT 4= Qlof AN L a & B AR = FERAL Qlth 2 ¢15o]| A= TOPCon B 4 2| 2] A
2 B o|u]E] 9jo] BAH SINUALO: 0% T AIM o A3 AgAl B4 Ho| 2 7ke] 1% WA 3}
A= AT 5381, 424 (firing) 574 9] burn-out -7 9 9] =2 &= WHSLrL 54531 5403 42} A5
H] ) Rk AAA 0.2 Bk 24 melolo] visks Sl GAE G4 g5 A2

2X “ 3| H(XRD)2 FAPA A 1] 7 (SEM)S ©]-8-5Fo] 241515 0, Ag/Al fHa-49] B4 wlA Y
=& Y sES Tt ST, U A (specific contact resistance)} Al §-8-2] AA S H| O 2R XA 9]
2/ 25 EE55IGth 2 A AGAL 545 HSE A B ofl it o8& 413HA]7] 3L, TOPCon B Q¢
AR 18 &3FE et 23] 34 Ao 71T Ao = 7| E

Key Words : c-Si solar cells(Z2 4 2 A 2] & g A A]), A=+37 (Metallization), /L F 1] | o] A E (Ag/Al paste)
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All-vacuum Process Silicon/perovskite Tandem Solar Cells

Z7|8* HIX[E*, RFAF**T
Giryun Kim*, Jihye Park*, Hyo Sik Chang***'
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Abstract : This study introduces a fully vacuum-processed fabrication approach using atomic layer deposition
(ALD) and thermal evaporation. ALD provides atomic-scale precise control over layer thickness, enabling the
fabrication of thin films tailored to optimize the perovskite layer. By adjusting deposition parameters and
fine-tuning layer thicknesses, we achieved growth of surface-chemistryoptimized layers with excellent electrical
and optical properties, while minimizing interlayer interferences. This method facilitates the formation of
uniform, high-quality, and defectminimized multilayer structures on textured substrates. Structural and optical
characterizations including X-ray diffraction (XRD), UV-Vis spectroscopy, and X-ray photoelectron spec-
troscopy (XPS) confirm the crystallinity, surface chemistry, and reduced defect density of the films. The wide
bandgap perovskite layer was deposited via thermal evaporation, followed by the formation of recombination
and interfacial layers under controlled vacuum conditions. Interface integrity and uniformity were verified
through characterization, underscoring their importance for device performance.

ALD NiOx was deposited with self-assembled monolayers (SAMSs) to enhance charge extraction efficiency and
stability at the interfaces. The resulting devices demonstrated a power conversion efficiency (PCE) of up to
28%, with notable improvements in open-circuit voltage (Voc), fill factor (FF), and reduced recombination
losses. This scalable vacuum process facilitates the fabrication of high-quality, multilayered tandem devices with
minimized interlayer interference, paving the way for scalable production of large-area, high-performance
photovoltaic modules.

Key Words : BlE] EjoF7Z x| (Tandem solar cell), 2% =t} ZZ}(Vaccum thin-film deposition), H|2H A7}o]E
(Perovskite), 27 2 Al 2] 2 g 9F 74 X](Crystallin Si solar cell), € A}Z&Z21H(ALD)
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Optimization of Copper Recovery from Waste Photovoltaic Modules
Via Electrowinning

ZMIH*, g, erEge!
Seyeon Cho*, Suhwan Kim**, Jongsung Park***"
ATt o A A Ak}, FE A st v E e At 4,
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Abstract : The rapid growth of solar energy is generating increasing amounts of end-of-life(EOL)voltaic panel
waste, expected to rise significantly in the coming decades. The recoverable materials from this waste stream are
projected to be worth USD 450 million by 2030 and USD 15 billion by 2050, highlighting strong economic
incentives for recycling. Copper (Cu) recovery from photovoltaic (PV) panels is essential due to its presence in
both crystalline silicon panels and copper-indium-gallium-selenide (CIGS) panels, which constitute significant
portions of the solar market. Cu accounts for approximately 1% of PV panel weight, primarily found in
electrical components of crystalline silicon panels and as a key semiconductor element in CIGS panels. Efficient
recovery of Cu not only enhances the economic viability of recycling but also addresses the complex separation
challenges unique to different PV technologies, enabling resource conservation and reducing environmental
burdens associated with primary metal production. Copper recovery from photovoltaic panels employs physical,
chemical, and electrochemical methods. Electrochemical recovery offers precise extraction and purification,
achieving up to 88.5% recovery and >99% purity, thus improving recycling efficiency and metal quality. This
study aims to optimize electrochemical conditions for electrowinning to achieve high copper recovery (>99%)
and purity (Cu 99.9%). Residual copper nitrate (Cu(NOs),) is chemically converted to copper sulfate (CuSOs)
by adding sulfuric acid (H,SO,), which serves as the electrolyte in the electrowinning process. Current
measurements were performed to evaluate the effect of sulfuric acid concentration on copper recovery
performance and electrochemical behavior.

Key Words : <-2] 3]<4=(Copper recovery), A1 3| 3| | (Electrowinning), €l %F33-3] i1 & (waste photovoltaic modules) , 24k
-2 (copper sulfate, CuSO4)

"Corresponding author, E-mail: j.park@gnu.ac.kr
5 7|

This work was supported by Korea Institute of Energy Technology Evaluation and Planning(KETEP) grant funded by the
Korea government(MOTIE) (RS-2023-0030745)

* 230



2025 KSES Annual Autumn Conference

PVE-P-39

7)% 7}9& 938 Co-sputtering AL £t
AgBiS,8Hate] A oL A Ak

= o

Enhanced Compositional Stability of AgBiS,Thin Films through
Co-sputtering with Substrate Heating
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Abstract : AgBiS, is a promising light-absorbing material for next-generation solar cells owing to its suitable
bandgap of approximately 1.3 €V and high absorption coefficient. However, solution-based processes often cause local
atomic compositional inhomogeneity, leading to degraded light absorption performance.

To address this issue, a co-sputtering process with substrate heating applied during deposition was introduced in this study
(Fig. 1). Substrate heating effectively suppressed sulfur evaporation and minimized compositional deviation during film
growth, enabling the formation of uniform and stable AgBiS; thin films without any post-treatment.

Even after post-deposition annealing, the sulfur composition remained nearly unchanged (Table 1), indicating that
temperature control during the sputtering process plays a crucial role in maintaining compositional stability. These results
demonstrate that substrate-heating-assisted co-sputtering is a practical approach for improving the compositional stability of
AgBiS; thin films.

Substrate heating

Figure 1. Co-sputtering structure with substrate heating

Table 1. Changes in Sulfur Composition Ratio

Before Annealing After Annealing
S 50.26 50.25
Ag 23.23 22.80
Bi 26.51 26.95

Key Words : AgBiS,=}ah
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Thermally Evaporated AgBiS; Thin Film Photovoltaic Device via PIN
Structure with a Self-Assembled Monolayer

FQIE*, GrEArT
Minho Choi*, Jongsung Park*"
RERE e R PP ELE

Abstract : Developing efficient, lead-free thin-film photovoltaics is essential for enabling flexible, lightweight,
and environmentally friendly energy technologies. AgBiS, is particularly attractive as an absorber because it is
earth-abundant and non-toxic, exhibits a high absorption coefficient (~10° cm™), and offers a near-ideal band
gap (~1.3 eV) for single-junction solar harvesting. Here, we report the first PIN-structured AgBiS; solar cells
employing MeO-2PACz as a hole-selective self-assembled monolayer, in which the AgBiS, absorber is grown
by thermal co-evaporation using Ag,S and Bi,Ss sources. The MeO-2PACz contact promotes favorable band
alignment and interfacial passivation within the PIN stack, enabling stable and reproducible operation. The
optimized devices exhibit a short-circuit current density (J.c) of 20.773 mA ¢cm™, an open-circuit voltage (Voc)
of 249 mV, and a power conversion efficiency (PCE) of 1.77%; furthermore, the devices show enhanced
external quantum efficiency (EQE), consistent with improved charge selectivity and reduced interfacial losses.
This MeO-2PACz-enabled, vacuum-processed PIN platform establishes a scalable pathway toward stable,
high-performance, and environmentally sustainable chalcogenide photovoltaics.

Key Words : AgBiS2, PIN structure, Self-Assembled Monolayer, MeO-2PACz
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Molecular Interface Design for Efficient and Stable Inverted
Widebandgap Perovskite Solar Cells
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o
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Suseong Jang*, Suhwan Kim**, Da Seul Lee***, Jongsung Park***'
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Abstract : We fabricated a wide bandgap (WBG) perovskite tandem solar cell with a bandgap of 1.6-1.7
eV.Focusing on interface control to enhance thin-film quality, we fabricated an inverted WBG perovskite device
with an ITO/2-PACz/perovskite/PEAI/C¢/BCP/Ag structure. Since carrier loss in WBG perovskites primarily
originates from interfacial recombination, this study focused on improving charge extraction and suppressing
defects by enhancing i) hole selectivity and ii) the surface passivation layer.The 2-PACz self-assembled
monolayer is anchored to ITO via phosphonate-metal bonds, improving surface energy characteristics and
promoting uniform crystallization.

The PEAI layer passivates surface defects and suppresses interfacial recombination at the perovskite top
interface. This device achieved 17.57% efficiency at 1.63 eV absorber, demonstrating improved crystallinity
and reduced recombination losses.These results show that the interfacial process effectively minimizes
recombination and enhances the stability of WBG perovskite.

Key Words : Wide Bandgap, Perovskite, Passivaition, Inverted solar cell, Self-assembled monolayer
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Long-Term QOutdoor Performance Analysis of Patterned Glass BIPV
Modules
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Sungho Hwang*", Junkee Kim**, Jaewon Lee**,
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Abstract : Building-integrated photovoltaics (BIPV) are promising candidates for zero-energy buildings (ZEB)
because they can be seamlessly integrated into buildings without requiring additional installation space. For
BIPV to gain wider market adoption, it is essential to balance aesthetics and electrical performance, two factors
that typically exhibit a tradeoff. In this study, we present a BIPV module designed to achieve both visual appeal
and stable output performance by incorporating patterned glass with a 5 mm thickness. The module was
installed vertically, reflecting typical BIPV applications, at a 60° westward deviation from true south, and its
performance was monitored over a full year under Korea’s four-season climate. The daily average energy yield
(EY) in 2024 was measured at 1.33 kWh/kWp, with the output showing a notable decrease during summer. In
contrast, PVsyst simulation using standard BIPV modules with non-patterned 3.2 mm glass predicted an EY of
1.75 kWh/kWp, indicating a 24.1% decrease in BIPV output. This decline was primarily attributed to the
reduced Voc caused by thermal retention due to the thicker patterned glass. These findings highlight key
seasonal trends in BIPV performance under real-world Korean conditions and offer practical implications for
improving the energy output of visually enhanced PV modules.

Key Words : 753 g 934 (Building Integrated PVs), 3 €1-3-2] (Patterned glass), ol| ] | 4>-&(Energy Yield), 2] A%
(Outdoor performance)
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Analysis of Solar Power Potential and Carbon Reduction Effects in
Cheongju Industrial Complex
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Abstract . As carbon neutrality has become a global issues, research about eco-friendly energy harvesting
technologies has become increasingly active. Among these, silicon heterojunction (SHJ) solar cells have drawn
considerable attention due to their high efficiency. In SHJ solar cells, the transparent conductive oxide (TCO)
layer plays a critical role, directly influencing the fill factor (FF) and short-circuit current density (Jsc).
Therefore, optimizing the electrical and optical properties of the TCO is essential to improving the overall
device performance. In this study, indium tin oxide (ITO) thin films were deposited using RF sputtering
physical vapor deposition (PVD). Process parameters such as process pressure and plasma power density were
optimized to achieve low sheet resistance and high transmittance. The deposited films were characterized by
spectroscopic ellipsometry, four-point probe measurements, and UV-Vis spectroscopy . The optimized ITO
layer exhibited low sheet resistance and high optical transparency, confirming its suitability for high-efficiency
SHJ single cells. This work provides useful insights into TCO optimization strategies for enhancing the
performance of SHJ solar cells.

Key Words : 54 Z(TCO), A 2] 0|23} 8] &4 2| (SHJ), ITO
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A GIS-based Survey of Solar Power Plant Installations for Domestic
Verify of Waste Solar Panel Mobile Recycling Facility

E|ZU* O|RiE*, o|xHE*T
Kwang—il Choi*, Jae—young Lee*, Jae—choon Lee*'

*JeollaNam—do Environmental Industries Promotion Institute

Abstract . The international community's efforts to address climate change are leading to policies promoting
renewable energy toward carbon neutrality, and many countries are adopting renewable energy policies to
promote solar power generation. As demand for renewable energy expands, solar power generation capacity has
rapidly increased, and in this situation, the disposal of discarded solar panels after their end of life has emerged
as a major problem. Not only domestically, but solar power generation is on the rise worldwide, and the amount
of solar waste panels generated is expected to continue to increase. At a time when companies around the world
are attempting and operating recycling businesses, it is essential to develop a global, customized mobile
recycling preprocessing technology that can drastically reduce transportation costs, which account for the
largest portion of recycling costs, in order to secure global competitiveness.

However, the current on-site collection method, which is mainly handled by the cooperative association
(e-circulation governance), has limitations in securing a stable demand source. Therefore, in this study, a
GIS-based installation status map was created based on the installation status data of solar power plants in 22
cities and counties in Jeollanam-do, which was previously managed in CSV format, in order to visualize the
integrated management data. In the future, we plan to enhance the GIS-based Jeollanam-do solar power plant
installation status map created through this study by adding detailed information such as installation history and
module information.

Key Words : Waste solar panel, Mobile recycling facility, Geographic information system, Domestic verify, Solar power
plant
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