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ek 55 dloEAlE A n]o) 43 Eo] Au Lgut Yzio] AFEo] glol, nAE AT I
Agth W2h7149) ek F A% A2 R glck 22 wE|= 7] 9 ES REI00 |4} §has
Y BE DAL 95 AU A AT ACKHPPAE S5k, AN E SaE Y S A Fsh 2477
CFE(Carbon-Free Energy) 7|4t £ el 215 = J3k11 Itk o] o] upel efapad, Fe, o< 4443
(ESS)Z A3+t shol B el = A9 A 2wlo] Hlo]E|AlE] o] gHgdol 1 AgHA Aol Ml g ek 7

SRS M 6]

AL Qle e Aol A] et dlol Bl R Aehs A E4 Al S AD, A 4A
Aok & ZAIE FRslaL )lo], ESS, @A%, HlARE #4F & F9/4d AHd ] ghE e 4ol 5 A

I Sk v PPA 7[R A Y 2EE T4 22 REI00S A =5kl 9lom, f32 oy A] £4 <l

7)1 glek. & Mh3Eel A4 AU A 713k Hlo el AIE] 7)) S o] 23 @t o)
o 3 o] 37

ke Al
hEs =
2 PEsha, s AL e Bt S8sks A HoleE mele] Hay

roh N ok o of

=

Key Words : ©j| o] E] Al E](Data center), A A o] 4 x| (Renewable energy), | A & (Renewable heat), A & A H](Electricity
consumption), 3| & (Waste heat)
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gole e AR A OptionZ} A4 € (RE-Heat)
T

Renewable Energy Usage Options and Procurement of Renewable
Heat (RE-Heat) for Data Center

O APk Kk T
NEES,

Ousam Jin™**!

Abstract : 2] Google, Microsoft, Amazon¥} 7+ 22 9|3 7| YES FA O Z H|o|gAlE %o
AREEE A& Aol | A = Aghste = 22 o] 7H53E AL Q) o] = sl 71 ¥=0] 20301 o 4]
2040 Afo] HIA| = (Net Zero) B/ T8 =3 = 474 5kaL Q17| wjiZo]w, 53] Scope 2 HiZE A7 91
SRR E EERERE ST

2| Tl ol EJAlE = 40MW o] /o] thi Al = S =4l 9l o, Q13- A 5(A) =8 F7}e] w2t 100MW
0]/d4] sto] 3 A7 U (Hyperscale) H|o| H Al 8 & 52 5] /7 51= A o]t} o]of| e} e 422 F3F 7]
SheeH o2 27151 9lou], Hel Mg 728 = R IT 4| (A] 6], AR %), WE93)
7} 2F 60~70%, Y7} Al 2 Hl(Cooling/HVAC)©| 20~30%, A& 3+ 9 7€} A u]7} 5~10%5 2A| 5= A
© &2 UEpdtt

tlolEAlE eS8 100% Y| 2| &= A 2ksl7] ]84 GHG Protocol 2} -2 =4 24712 34 7]
ol Al A ABt= Scope 2 7= S Esliof gtk ofof] W A | Al 28 AR = B 2
Fe wiarneol 43 A27olAHPPA), AR AFHREC) T, £ARlE A7pE
(Self-generation) 5-0] 98 240 & 8257 QIc}

gHH glo|E Al ol A 2|FA o g-E= o U A7 it 22 dolq A FEiQl A, ekl v AIA
A} i ABFARIAREE AU J5 Wao] A B s WAlo] 48 5 olck
D QIFA(H-REC)2F -2 Al =7t = A9, 54 & S8 1A A 2o v]-§ &
£l Yoto = wels 4 ok

0]¢} HE o] FLol= GoogleS 4] 0 & 24/7 FEkA of 4 X|(Carbon-Free Energy, CFE) @A ¢Jal %
o nol Aol A BES A7 SR WS B YShs e A g meo] AgLoR
&3 glem, o] = S Hlo|HAlY o v 2] &9 ot UadS AR

Key Words : ©|o|EJAlE] (Data Center), A 2] Luj] #| 2F (Power Purchase Agreement, PPA), Y1A| 2 (Net Zero),
2| A8 & (RE-Heat), F-8F4~0]|\q x| 24/7 (24/7 Carbon-Free Energy, 24/7 CFE)
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glo]gAlg RE100 A& AZAAA: #%F U FA<
A=A AA

Preconditions for Data Center RE100 Implementation:
Solar Energy Siting Regulations and Policy Recommendations

Acter!
Daun Kim*'
*713EFA QAU R A5 71

Abstact : ] 111 4161 5143} A REI00 S4do] 214 32 A1sht g o, Faf Aol
A, 53] g oA &) Hg2 o7l s] vd Aol gl o] EjAllE & RE100 U H % A= B g2
E%Qmﬂ%ﬁﬂlﬂ%%ﬂHLﬂ“ﬂﬁﬂ%ﬂﬂ%ﬁﬁ%ﬂéﬂ%ﬂq

F5F HEES FL sANA T B B0l Tl 7Fedto] w7 A5 Bkl Aol
A HagS A= A2d ez Zﬂ*lElO*XlU} &R HdeS 2EBL] Fl9k A=A 7R
o] A 3] n| B3k Al o|t}, B uF oA 2| 9% gy B §]—_L]- A=A A S zYsla, T
B A7 o 2t A AISL A Bk Et o] EAE A FAlo R 3 H7]4axte] et el
Woke Byt Bt

The rapid growth of the data center industry has made achieving RE100 a critical imperative; however, the

i by

deployment of renewable energy in South Korea, particularly solar energy, remains slow. To realize RE100 in
data centers, it is necessary to expand solar power deployment,which requires addressing the challenges in solar
power siting regulations.

Agrivoltaics has been presented as a novel approach that enables simultaneous agricultural activities and power
generation on the same farmland, supplementing farm income while driving renewable energy deployment.
However, the institutional framework for activating agrivoltaics remains inadequate. This presentation
illuminates the current status and institutional limitations of domestic agrivoltaics and proposes related policy
solutions. Furthermore, we seek to explore the roles and collaborative approaches of electricity consumers,
centered on the data center industry.

Key Words : RE100(RE100), & o] €] Al €] (Data Center), €] &F33(Solar Power), 4 X| 7#A|(Siting Regulations),
o] 2 7 2] (Setback Distance), §53 € %3 (Agrivoltaics), A ol ] 2] A 2 (Renewable Energy Policy)
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Data Center Solar Power Integration for RE100 Strategy

=13 * T

-

OpA

A
e

FA ol AR AT
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e

=)
T

Abstract : Google> ElAFA 0] IGW B F3g PPAE A A 3Ll A AU X] 7HREA} Q14=0]] 479 5T &
& A 2™, Microsofte= & Al A| 34GW A Aol 2] AleFo 2 2025 100% A& G5 TH
Amazon- 7007} 0|4}l AL 2] Z2AE S F3l 20231 A2 100% v A& 2EF L, Metar= EJAL
20f 600MW B F3g A4S 531 650MWE =71 AR5 Ut 2026 76 3-5-7]3 RE100 ©] 8§
o] o] F3t=]H, 2030 7HA] A Ay ol A 2| 100GW X & H3E = RPS A =7} 7 sH g Yok A ek RE100 &
HtE T1Abcholl= 20261 of| 4k 1209 o] i =] QiU th 2025 R E = WA 1,000m o4 717 7
S5 ZEB(A 2ol | A H) Q150] | F e, AEo|H R &8 1++ 5-F(140kWh/nyr 7] 9h) 9 254
E 20% oA gAo] Ytk GPU LU E Avj= Adt Aw tjd] 5-108) H8-S 4|5ty At
30-80kWe] U= AA 7} @ LU th S A2 85 AR A7 dlo]EJAlE 9] <4 7] 7|7t 24-48
MLz F7131a, PUE 1.3t 1A 78} o) Wzk delo] [ 4] 9] 30-40%S 2HA|5h= &4 a8 ¢afo] 4]
ShE o Ut A58 Ed HVAC YA 28-S F3tsto] AHE 20-40% 2AJo] 7HsstH,
ESS/EMS A2 113 @ -& AUt ol A= dloly ZF 23 (213MWIWE), ZF A|€(300MWh),
717F2. F4K(1,000kW)o] A% AUt stlj7] g5l Q=Y Alof AFE2ER] 27] 30MW, X{Tf
220MW7HA] 2 7153t sto] B AA| Y AIDCE 55 F0] (2026 2H3, 2F 1,000 ¢ 1), v Edo]
A= VNPTS} & 23}0] 40MW o)A} 371.9] AIDC 7id-S =215t 5ol glo] B Al AR 2024
1379 Erefof| A 20301 3059 Y& A 14% 7 o] oAl FE YTt

Key Words : PV-Driven HVAC - B 023} W ZhA| A8 23} &2 4 RE100 - A A ol L] 2] 100% A3 =3, Al
HloleAlE - GPU 1= A48 75, ZEB (A 2| A4 d) - dEou A a& 55 L AHE

71, stolH AAL -t gl o EAlE] B0MW~220MW+)
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=M A(Green Bond) T3P $Jdt dlo|g g A3
Ak

Sustainable Strategies for Data Centers to issue Green Bonds

HIQ X|*f
1O -
Yongjin Park™"
FKISAEE7F ESGAR 27

Abstract : =AU W 7] 9 A SsS QR it A2 EE SX5kE 554 ko),
AT S Foll A= ot FA A BF B Aol whef o] A H]§-o] dRE HA= Qg HE
7Rt g 7] e S5 = 54574 Al (K-Taxonomy) o] Eﬂrﬁf —TLPr% Rom AAY
Atas QTE U HloE AllE -5 2930 thslo] K-Taxonomyol| w2} =2 55-0] A2 7h& 4= S}
v AR A A= A QJEY HolHAIEE 7|Eo & A/ H o] Al|o|EAlE & £4& HHgs}7]
o] Z™o] ok il thf i o | A] B F o] g3} TLof| whE A AFE] £42] 25 A A] K-Taxonomy
o] A} & 3-8F= DNSH (Do No Significant Harm) € 27} t)H S 4= Qlo] LA WS Z5t A 8] A2
o] o Zo] WY 4= Stk & AoA= HolHAY A Aa2ES 9%t Mg defew
K-Taxonomyo]| 7|¥Fet 2| &7F5A4 o4 Ha A &, A ollv A 2 A=, J:ﬂ"ﬂolﬁlh LR RAR
A 7145 218 Al K-Taxonomy 28 75/ A E, tlo|BAlE] 53t X &7 2% F 55 AlAlget.

rlr

2 (Green Bond), 3=+ = B2 3| 4| (K-Taxonomy), <548 =-8-(Green Finance), AIH| o] EJ Al E|,

Key Words : =41
N 2 W ZH(Immersion Cooling)
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Interconnecting Technology of Data Center Cooling Systems and
District Energy Grid

| ZIg*!
Jin Young Lee*!
*HIMEC

Abstract : 310 = Gl o] BAIE 50| FHA}F A Y2 (Liquid cooling) §4& ARE-317] A28l A, 40T ©
g e FHIE 4 &0l o] FojAl= tEol golrd Adiolth 7, 2T Al He Y dEs2
71 719k 2 a120] YA 60T o5t A& & E8she desol tiF-Eolth wahA, A9 4
A& HloEjAllE & APAID A Bl E e AL a8 B8t AlLH R HopA 7|, A HE
AT A v o] B8-S = o Atk & a0 A= glolHAlE HiEE& AHgSte @ SR AlLE
o = A7WsHAL, ofn] A Aawtol A ATkl = s 9 ARllES 7iskaLA) St

Key Words : tf] o] €] Al €] (Datacenter), 2B 2] W Z+(Liquid cooling), o]\ X| 18] =(Energy grid), X| & & ¢ (District heat

fi=)

source)
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Economic Analysis of Large Heat Pumps Based on Electricity Prices

2G0T et MZIE* LEfR*
Kyung Min Kim*", Jun—Yeon Park* Kang—Yeol Jeong®, Tae—Woo Loh*

#RHEA] A} oV 4 A EAL A

Abstract : T S| EHIE A7k Hole] i) B WS 28~35% A 4+ Gl W DEE 7]
7101w, 7183 Aol wkel 3A1 4ol 20 eldle 20064 71, Qe 7] 8 48 A A7
OF ARSE ] 22 HolLk, 834 Alent 2 Alzbo] utet AA S Fefake 4 lck. i 9
ai@wﬂﬂ@3MOEHHWEL1§%%ﬁwqAmwmﬂéﬂgwﬂﬁaqil%
B A§ A A7 oF 53%0] oLl 2m]3F Aeto] oAELh T MARE 37 4] B A o]ct.
5 ATl ] A 8 v S AZE Y 65% A% 7F5)S 919 SEBT 4X 2 g
SLo.m, 9t AR E 2035714 5| £ 3500k of S BER a3 AA A& $4 Folth A
7 2= P2H(Power to Heat) B-8-0]T}, 712 A4t 340 A] 5|22 S 284 oo] e o 2 Wl P2H

12 £ 88 L A I S e AR Aol adlel ok 0 G we

—L

R
BT R oo (|

7] Az v]-g-o] 714 = Ao} :1,1] ;(17]_9_:1. oA} A wbolth. 2030 71 4] kWhied oF 70.89] 2229

A4 8 2lo] o], A7 9l &9 vl & S 7Hs S ﬂaq—a—ﬂ F3ith o So] 9JH o ogkoly 2o U
#ofl= 4d-5(COP)o] A5k == ‘2101 35 AE Aol Basith 22422, giy 3| EHZE oA
B0l o SO, ukg A8 05 A SHIAL 58 4719505 olo) w2 o] Selute

] Aike 57 245 of E“lg ATk mhebA, Aobd® 28, AT E Rl 854 A8, 1aE

wel HElg £ 7] BAu S 8l4=5 s Aeko] solrh

F

Key Words : 7] @ F(Electricity Prices), t & 8] E3H 3 (Large Heat Pump), 73 Al A &4 (Economic Analysis)
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A8 9 gz #8945 Al 2E AT H A5

Development and Validation of an Artificial Intelligence Model for
Demand Forecating of Power and Heat Energy

*x A oO*xt
Jg“:'n_l , T'__E'):i_l_

MO

Jungmin Moon™, Myungwoo Son™'
#5haal )4, Al U A LA E

o], & HAFfel=d Qo Ao| ZoE L ot 1eEE A W dox]e] 408 AUsHA o=
Sl 714s0] AL ek i A AAD A HloEE Beso] A welo] el % AR
2H|EES A &50h= 13 Ale BES sttt | R 9] 54 € o] B &l ste] A W Hof A
of AR wAe Age SaclS 2 AAsiglch AUR Sad mde] 4 CNN
(Convolutional Neural Network)®} LSTM (Long Short-Term Memory), 1814 W7 U &S 23St HEjd &
g3 okt 181, AAG Y EAAS aiF o R vrgstr] Qe Al AE O F7|gE Wkt
7o) 8 o2, 3] 2] o] 2(lag), O)F Wt 5] thoreh A WS AlAetol A7 Hel o}
Y& A AL EolYA] =249& gl 9] 79 ExtraTrees, RandomForest, HistGradientBoosting,

5 2}7ke) v Alel Z1HE A eI, o &S B ARSI Ra S Bt 7| E Aol %)
A Y ol 5 A= Y5 FET AR S8R ool Aol &8, 55, 254, 972
= 8 S 50 A4 HlolHE AT 02 ARSI, Boui A9 o] F 7 HEBA AL A 5O
S ARSI TRl A7 2714 QelE e Eake 4704 wekg whedstolk 1 A3 e
1 Jofuf 7] 4002 mEL 717} 26.84% (CVRMSE), 7.28% (MAPE)?] o= A3tz 2 26141, 7]
[e]

2

o> ko
or o8

d 2l gju] A E e AT 2 AR T E AY W Ao A] 80 S AL E S E o
U A el W2l 82 5= Jlen, o | A &E AlaLel wha Aol 7]ojd Aoz ZdiE.

Key Words : =2 ¢J| = (Demand Forecating), A| 4| & ©| o] €] (Time-Series Data), 212 % & oj| 4 x| (Power and Heat
Energy), 215-X|%5 2 (Artificial Intelligence Modell)
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Operational Optimization of Distributed Energy Systems for District
Heating-Integrated Zero-Energy Buildings

SIS, BHET, Ry, Yst

s =

Taeryong Park®, Jungyu Han, Yongsung Park, Hankook Kim*'

*GSote)
Abstract : A% -20] 45 242 §15) A 2] 1 <] 29 (Zero Energy Building, ZEB)H #4173 o
A A\ 2w] qlo] Fagh tobo @ Pk Slck. B8] o ML, S =R 0 QA4 ALTG B
BH10.2 g0l 4 AF o Ak WSS9 A SO AL AR oA sk i of
YA oA BHE ZuoA 2 A2 Ak £ Aol A Bjor, Sl =W, AA Ak A ATe 23}

She 241 oLl 4] Al 2glo] 488 Azolu A 2] £ HHs e Aereieh. Ak A ue
A% oL 4] 3] A2ES ol A A W A b U =939} A o] Sodsim, el o, eho
A o §, SIEBE Wl AA ] £GS FAAOR Aojitt. o2 913 U vl § Ha0tE B

2 o 2 2AZEY HA5 BYE PESIYCE B Aol AR 29 Mk B AR oy

il

A A E o, e A7k o3 o A 1§ g Bk S AT B3 AN AU A4 A
RS E £odo) A2 olu A A Y A5 o7 £ BES FPAL 4 AL THeA
2 AAI 3k e,

Key Words : ZEB(Zero Energy Building), % &tof| 4 x| (District energy), 3] &8 3 (Heat pump)
& of| ] X A A7 2] (Thermal energy storage), o1l U] X| 2] % SH(Energy optimization)
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Centimeter-scale Phase Change Capsules with a Hydrophilic
Multilayer Structure for Long-distance Heat Transport

Z¥M QAT MAFF ORGP, AR FRR*T
Eun Cho™**, Su—Jin Yoon*, Youngkyun Jung® Changha Lee™*

Sarng Woo Karng™*, Jae—Woo Choi*"
ot ael 7| At d EAYAEsA T FFAL sk slek B el FEFslo] |24k (F)

Abstract : A 3} EZ (phase change materials, PCM)-2 =2 % (225 6kl/kg) S 7|vto &2 AT d 4%
A2 9 7154 o] Zek. e} of-1 APAS} 3ol A T Ho] RAE AL SR Ho] BEE uh B
AL AR % 900] A A28 Aol AL ek B, B el J]ure] o A BAL Agol
27] o] e 2 A @9l doyR &8 g ol A| Y| E 9= (Thermal energy network,
TEN) Al 2" ol 4] fE A QL AR a~Afof| thgk 4=2.7F F7)stal Aot
Aol A= A Wi ok 0] AlE g 2| Y e skl 24 S =
S249] shvist 3ol ] el3iatalel & 1SS0k PCMo] SHE A e e of
155.6 kl/kg©. 2 LJEFHTE o] = e LA 5= 2F30%2] <4 ko] 3ty Aoy, H&
of g3t AR BAo] & HABL ool
E3F A a2 PCMS 28514 ob-2 7312} vlasto] 59 2= 5 oF 108 o4 o &
5ol gmat AR A5 etk B ol 1,0003]9] ¥ 4l Aol 2 o ol Yl 1, 3
W QU o 4] §0]u g WS}/ AR A] glob Ul POMe] §-410] §1gon], et 7 Qg A3}
748 Selalgict,
ol Atz 2 Aol Al ARkt BAG A go] S5t A AdS T W A RS}l of g
o PAS 2 2 Y-S Hojth 3 AA Y d4ES 8718k TEN 7|8F EAMY A4 AlAH)
AN H =
b [6)

.aé‘.:

—=

mytofu et Hein 3 A A 7 5, Teljofo] 2 WA 5 TRy Aol 4] §-§ Foko] B8 4+ 9
&2 AARITY,
Key Words : 234, QoA e n|E 24| D&, AA Y Q4-%, S84 ed A
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Towards Intelligent Thermal Demand Management in Building
Energy Systems: TES Control Strategies, TRNSYS Simulation, and
Optimization Roadmap

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

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

Abstract : Power-to-heat (P2H) systems coupled with thermal energy storage (TES) have emerged as practical
solutions for absorbing surplus renewable electricity, reducing peak grid demand, and enabling flexible heat
supply in building energy systems. This study presents the development and planned evaluation of a TES
control strategy for a multi-source P2H system in South Korea, which integrates air-source and high-
temperature heat pumps, a fuel cell, and a 32 m’ stratified thermal storage tank connecting to district heating
network. A comprehensive rule-based control strategy has been developed to govern TES operation across all
operational scenarios, including normal operation, peak demand, and demand response (DR) events. To
evaluate system performance, a site-specific dynamic simulation model is developed in TRNSYS to analyze
annual operation in terms of energy consumption, seasonal performance factor (SPF), heat pump coefficient of
performance (COP), and peak load reduction. Once the system becomes operational, experimental data from the
plant will be collected and used to validate the simulation model, enabling direct comparison of simulated and
measured performance. As future work, a mixed-integer linear programming (MILP) optimization framework
will be implemented to determine optimal TES operational schedules, followed by the development of an
artificial neural network (ANN)-based predictive control model aimed at achieving intelligent thermal demand
management in P2H building energy systems.

Key Words : Thermal energy storage (TES), Demand response, TRNSYS simulation, Building energy optimization,
Power-to-heat (P2H)
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Impact Analysis of Power-to-Heat Demand Response on Frequency
Stability and Development of a Quantitative Performance Index

Zc—l %q T’ |—,o*,**
Woo Yeong Ch . Go—Eun Kim**
ol A, * 5'1—“4%91@ A7)5stat

Abstract : A 5-2] Agha: o g A] ek 7p&3to] whet QIME 7]uE A}(Inverter-Based Resources,
IBR)®] 3] Sofulo AE P 24 2 S 85 ojere) oksr) 415t 3 Qi ol2jel 87 s}
2o A 7|9t HZ(Heat Pump, HP)Q} 2 &-AY A7 (Power-to-Heat, P2H) F35}ALH-& Q1S
(Demand Response, DR) 7|8Fe] Fubd= 2] AH|A A2 AP o2 FHub 9) 01} o] 59] Fubs: ¢HY
% 7]0] A58 HeH o2 Wl AAH W RS o njujg Aol B e ol WA S
o) 229 o1 ) AAAFE AL AE 9IH WA A P FIAAS] 5 15 &
5 540 AT Tk Ao VA= FFE
of uhe Fs: A, 4 Weke 5 e 2
posite Performance Index, CP) S 75t &85ttt —Er A A3}, HPO] Hol = S5 5\—57]— HHF— —?—J}—[—
S = WA Byt 2= 7 gko] EelE9 7

= 1
PKH2 Be1% 2= GIck. 3, AIQHE B7bA| 4 2 1= o 4 thal HP| DRo| gt %w Aol oh et o}

9F% DR A|Ltel 9 709] Fate A9 A% 42 00 7Ps e P2 REF AEsrc £ a7
A B Aelgo] sto) A8 ol e o] Sk 85 A B 1T WA A
& AR 2HE-E 5 glom, P2H A0 WA u| s A4 ol 712 Sele] 7]efa oz vttt

Key Words : &7|8F HZ(Heat pump), E-H2 A7|(Power-to-heat), 4= 4WH-g-(Demand response), FI=QHY %
(Frequency stability), A% 8 7} ] 4=(Composite performance index)
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Electro-Thermal Coordinated Operation for Demand Management of
Building Clusters

QHE*!
Seongmun Oh*'
P PrE
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Key Words : A& 9 3%2](Building demand management), €-%7] & % 2-7(Electro-thermal coordinated operation),
S AA R-¢(Flexible energy resoures), A| A o] 4 X] (Renewable energy), 4= 3+2] (Demand Response)
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A Study on the Introduction and Market Activation of
P2H-TES-Based Thermal Energy Flexibility Resources

AxT = kK
ZQIRT, st
sk

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

Abstract : Aol 2] g o] whE A Al HEAd S7HeE E Aol A5 ¥Etsl]
A-e] gt g do] FrkekaL qlrk. AYE dovx| 2 Agsto] #4-&8sk=
(P2H)7} S HAIARI(TES)S A o1 et & Fi gehasts SAlo G4 =
U] Azl 7|48 220k 9ok ey 2o A 7] Exje] Buk 2wt 0135 7} A
AT AR T A=A FHOR 8| 7|e Ak A FAo] =
P2H-TES 7|5t & o | 2] a8 21 o) A1 =9 9l 231 917 g
JNAE B (Hu] A2 Bxg, a8 2 AIA A, 854 719 f-2D)et sid g 79t f-= e
% 293t 2| A2 E ARbSHATE E3E ORI 85, 4= A WHS(DR), AAE 85 A|(TOU)
g7 A7}t P2H-TES &g ol n A= & A Estal TES H-& 8 74 A Wk =35t
2e AY-4 57 oAU A AlAE Aol A P2H-TES 749 Holl|q 2] £/ A9 Al ¢
A= WA BES A A8, - A 7|9 QollyA] §-A8 A AA L AR S 91gh 7]
2849 ¢ Qs A= 7diHrt

ofr

o,

Jo
N

=
st
flr > 2wy ox

14
o
P
211‘
r
)
i
e 12 o
2
o

;0
#e Jo
2y

S

e
i
2
o,
o) {
o)
o
rf
2
2
RN

> o

ot
ek b
K

Kl M

N

RELY

=9}

e 2 32 ofn
x4
PTE:)

boto e >

Key Words : A 2]-g A&} 7] (Power-to-Heat, P2H), =& A] A 8l(Thermal Energy Storage, TES), o X| 514
A%} (Energy Flexibility Market), & of| ] X] %] 2 (Thermal Energy Policy), 4= HF-&-(Demand Response,
DR)
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Research on Remote Control of Building Energy Demand
Management based on Real-time Thermal and Electrical Data
Collection

2O AHR*, AFS!
Jeong—Min Mun*, Dae—Yun Kwon*, Jeong—Uk Kim**'
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Key Words : A& of 4 X2 (BEMS), =2 WH-3-(Demand Response), & -5} Thermal Load), 7] $-8}(Electrical
Load), 73 Al 2 A 3HEconomic Optimization), A| A& 9+ AJ(System Stability), 2~1FE 1T (Smart
Builiding),
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Demonstration of TES-P2H-Based Thermal Energy Demand
Management and Operational Optimization for Building Clusters

EEE= L P =
Won—Chul Choi*", Jang—Hyun Cho**
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Key Words : 9F13F & U] E ¢ 3 (Bidirectional Thermal Network), & of| 4 A] #|ZFA]| 2 8ll(Thermal Energy Storage),
Power-to-Heat, &- % 7] %} 4= 2] (Integrated Thermal-Electrical Demand Management), o 4 A| 2%
%] 2] SH(Energy Operation Optimization)
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Daylighting Louver Systems for Zero-Energy Buildings

_I_|E||—*T

Minho Choi*'

) TR AABR A ATY
Abstract : With the proliferation of Zero-Energy Buildings (ZEB), concentrating daylighting systems are
gaining significant attention as core renewable energy equipment. This study analyzes the current technical and
policy status of these systems and proposes directions for advancing domestic performance verification
frameworks. Unlike conventional shading or passive daylighting techniques, concentrating daylighting actively
collects and redirects sunlight to directly offset indoor electric lighting loads, and is thus classified as renewable
energy equipment. Among various system types, this research focuses specifically on louver-based systems
installed within building interiors. The study first reviews global market trends shifting toward dynamic control
and smart-fagade integrated systems, followed by an examination of domestic standardization efforts centered
on building applicability. Focusing on indoor concentrating daylighting louvers, it analyzes the Korea Energy
Agency's guidelines for renewable energy equipment and reviews relevant international standards and technical
references. Through this, the technical implications of key test parameters—including specular reflectance,
average illuminance ratio, and Solar Heat Gain Coefficient (SHGC)—are derived. Ultimately, this study
proposes the necessity of implementing intelligent control systems to simultaneously satisfy visual comfort and
energy-saving performance, alongside the importance of establishing a comprehensive performance evaluation
system for achieving carbon neutrality. The findings are expected to serve as a reference basis for future
domestic standard revisions and the establishment of equipment certification criteria for concentrating
daylighting systems.

Key Words : %333 34A] A8l (Concentrating daylighting systems), A 4] % (Indoor louver), A| & 3 5=(Testing
standards), A1 2 A o ] X] (New & renewable energy), Al| & 0|4 X 7AE(Zero-energy building),

3% 7(Performance evaluation)
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Concentrating Daylighting Systems for Zero-Energy Buildings:
Technology, Policy, and Applications

QIS
Jaehan Lim*'
*o]glo Ao sta A EA|A| AE AEHT}

Abstract : Concentrating daylighting systems have emerged as advanced solutions that actively collect, redirect,
and deliver sunlight into interior spaces, including deep-plan and underground areas where conventional
daylighting is limited. This study investigates the fundamental concepts of daylighting by distinguishing among
passive daylight utilization, solar shading strategies, and concentrating daylighting systems. The role of
concentrating daylighting is defined as a solar energy utilization technology that directly replaces electric
lighting demand by transporting natural light into building interiors. This research further examines various
technological approaches, including tubular daylighting devices, fiber-optic daylighting systems, louver-based
reflective systems, and active sun-tracking systems. Particular attention is given to system efficiency, visual
comfort, glare control, and integration with building envelopes and lighting control systems. Finally, the study
reviews policy and regulatory frameworks related to daylighting and concentrating daylighting systems,
focusing on their classification within renewable energy and building energy efficiency programs. In the Korean
context, concentrating daylighting systems are examined in relation to zero-energy building (ZEB) strategies
and renewable energy deployment policies, highlighting their role as solar energy—based lighting substitution
technologies. The findings indicate that global trends are shifting toward dynamic, hybrid, and integrated
systems that combine daylighting with shading control, electric lighting systems, and building energy
optimization. In contrast, domestic developments have focused more on building applicability, performance
verification, and system standardization. Based on these observations, the study suggests future research
directions, including the development of adaptive control systems, integration with smart fagades, and
comprehensive performance evaluation methods that simultaneously consider visual comfort, energy savings,
and carbon reduction.

Key Words : %333 34A] A8l (Concentrating daylighting systems), Z}-9F(Shading), X} 1 233(Daylighting),
A A of| ] x| (Renewable energy), A| & ol A A&(Zero-energy building)
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A Study on Industrial Revitalization Strategies for Indoor Louver
Type Daylight Concentrating System

LA Y o|FFY, HallYY, ZMEY 0ISE*, ol7tsl
Kyeongsik Kim*", Jongbin Park*, Hyunyoung Lee* Hyeryeong Nam®*, Seohoon
Kim*, Dongjun Lee*, Gahye Lee*
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Key Words : Al 7|HF 371 of|q X|(Al-based spatial energy), A 3 333233 A| 2 E](Indoor louver type daylight
concentrating system)
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&9 Grid—interactive Efficient Building& 3
BAF Edge Al

Decentralized Edge Al for Autonomous Grid-interactive Efficient
Buildings
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Jonghun Kim***'  Seunghwan Yoo* Gwangwoo Han*** Haneul Choi*,
Kyo—Seok Lee*, Seul Lee*
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Abstract : = 931= Grid-interactive Efficient Building(GEB)2] A}-&-8-74-2 A3 sl7| 93k BAFE oll#] Q1
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Key Words : 12| = A} 5 288 A& (Grid-interactive Efficient Building, GEB), 244 9l X] 913 *]%5 (Decentralized
Edge Al), A& X 6]— £33l & o= (Power Load Disaggregation and Forecasting), U] X] -3-31A] (Energy
Flexibility), 283 A& o4 X] 3] (Autonomous Building Energy Management)
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HVAC Control Strategies for Improving Building Energy Efficiency
Using Artificial Intelligence

o|&=35*"
Junhee Lee™'
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Al-Enhanced Hyper-regression Modeling for the Prediction of
Composition-Dependent Optical Constants in Multi-component
Perovskites

OJERT**, HISE*™, L4l
Taegyu Lee***, Yonghun Je*** Soo Min Kim*'
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Circadian Lighting System Considered with Blue-Light
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Abstract : A|742] i= YA =AEE FAI5H] fiske] 571, ¥ T12]al Fo] RSt AlA| 212 &
oA AEE dojEole T8 A2 T sholtt. Bl AIA 2} 55 #-9-5t= a2 A 2H8-5=
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All living organisms on Earth require air, light and water to sustain life. Vision is one of the key senses through
which we gather information from the external environment. Light acts as a factor that governs visual
perception, and also serving as a signal for the circadian rhythm, synchronising our biological clocks with the
Earth’s 24-hour rotation.

Humans have invented artificial light, enabling them to continue their activities even after sunset. We examine
how artificial electric lighting differs from natural light, what aspects of electric lighting—which consumes over
10 % of total electrical energy—require attention, and how the widespread adoption of blue-based LEDs, which
prioritise energy efficiency, provides cheap, bright light. In this paper, we explore the impact of LED light on
human life.

ol X](Lighting energy), k7t 2 (Night Lights), ] A53:(Blue-Light), A} 9133 (Daylighting),

Key Words : 2]
&1 %7] 2% (Circadian Lighting)
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European Policy Trends for Heat Pump-Integrated PVT Convergence
Systems

ST ot M* O|R*, ZDIE* ZER* B
Hong—dJin Joo*", Young—Sub An* Wang—Je Lee* Min—Hwi Kim*,
Deuk—Won Kim*, Jong—Kyu Kim*
St Y 2| 7| e A AR A AR A4
Abstract : EjFFEPVT) &3 BE2 179 €& FA o AL 4= Q= EEXH*WLW 71&e=, 3]

olE T omT -

Egmel dAT 49 AL AN BES Bl A2 A A 4D BF Sehvh ik 2w

NA= 8 =0 S|EHL AA PVT A LE S i e s Hag 112, )% 87, 4% 7N A A
A5 e A 53 Bt B4 At f3oll A PVTE the i Aul7h ol et H7]-d& &
T AYAFSE= Al 2F 0 R QlA]skaL glom, S| Eeto] AA|E Saf 1E a0l gekastet ofix] &
£ FALS T Ao EREIIL Qi Ao L}E}‘;h:} 3} Solar Keymark 5 591 Q15-A4 A9} A A8 tH9)
35 ATl A EAte] Ay 7Rk 2 A8l 9le-S ERIsHth. o] & MO &, L KS B 8297 A
e Bl A=A 7]Rto] npAE ol A= S| EHE AA PVT §3 Al AF 9] B EskE 913 s
H7} A AL A A A Agn) 7t E ahS Al]retaLat gt

Key Words : €] 9F34< E3}F1 EPhotovoltaic-Thermal Module), 3] B3 32 ¢ #|(Heat Pump Integration), 55 % 24

— a— o=

=3k (European Policy Trends), A28l T9] A5 H 7}(System-level Performance Evaluation)

" Corresponding author, E-mail: joo@kier.re kr
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o2 J
Bl o8 A2He BAS 24

Cost-Benefit Analysis of Solar Energy Systems

r

zg7, oES

Sung—goo Cho*', Joon—ho Park*
()0l w2 Al 28]

Abstract : S| A M| A A O 2 Y= 31 Q= 20500 SFAZH-2 J3F of| 1 X A ZH(Energy transition) 2] H
A1 U4 2. Bh eheol vl A Solar energy)o]th. 7 that aol 44 2.8 o x|l w2
2 glon] B8] £go|ut Aale 0 A RAhHR) B A w)$ FAH AR o if A o). o] ¥
Foll A &= H71 5 APASHE PVAI R G& AAFSHE STAI2 )] 9l 17|19 A& FAJo] A4sHE PVT
SO 28 4 sk 59 PVTGEHAI 281 F1f2)5 0 2 oh 3 0o P42 2L 9o, &
H Aol A= mid Eggo] 7H2A Agstal ok ol A= AR A KSF7|& A &
S Eelso] W AL FA5 7 G A Itk AT UL 913 o] A M) Srko s
A "ol A 71715 Abe Rl Z5 7 A-8-517] flaiAl= o] Z12+o] Al dlo thet AAIAd w410 E
Aot Al 2ES FoiEl A S Sol i HeAHOR ARAL AET F AN\ RE A
Hoh mebA 2 Aqtol A= Al AR T} e A A" e Fgd B A ARl o] T gk FARE| L} o
U 2| AR, o] Atsletas A 5 %31 © 2 HEsto] 27| BApH|of gt 377 AA TR
A A28 Tl A7} golshl AES B 4 QES stz g,

J

i mlo
ﬂlﬂ o

Key Words : PVA| AR (B 3 Al 28], STAIARI(E| S GAI AR, PVTE A AR FFE 52 A125), ol
A A ZH(Energy transition), 73 A A 541 (Cost-Benefit Analysis)

" Corresponding author, E-mail: solexsgc@gmail.com
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FYUH BFYU A9RALH 2
(¢ Mg $402)

Analysis of Wind Energy Deployment and Regional Economic
Development

Abstract : S-2]Upets 202599 7|20 & 25GWe] EHUAS Astdon T % 10%e] sdshs
250MWE 2025 St fjofl 2ot FHAANY 5] 7= 20253 A4 6.01GW, =3 45.8GW= dA] B
ol vl 27 =k AH= A 0.3GW %E«l SAFEE - 20304 o] 3GW, 20359 of] 25GW = EH)j 3}
Ath= 5325 Al-aL Utk ok 31452 LCOER= & A 2] 3401/kWheil 4] 2030t of] 250, 2035 9]
1509002 =7 wr3zcky uhE sk,

e S Haeti o v 8 ATS EAsH ] Sldll =W 35 A sk gtk 53] s
2] WA A9 -8-F(Electrical Business License) 2] 60% o]AFo] A&%] Az oL o| &3t A A o] 428 7}

RESRR N =)
A ol e S ol Ao BT B URE YN BUHO R 5w BEY AT o

AIE A At

Key Words : 32]9F2] (Wind Energy), =+ (Deployment), 334 (Supply chain)

" Corresponding author, E-mail: jungchul.choi@mnu.ac kr
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_ORH-O-1_J
g3 gt S 2R BAN F
Az ofdWE FH Y H E}%“a‘

Concept and Feasibility Study of a Floating Energy Island Hub for
Far-Offshore Large-Scale Wind Farms

r

% % %k kkk kkskk =% % = kkkkk
UES*T, oHB2*, HEAZ™ O|AZ*, AN din|SF, RMEY, HIES

TooT ,

Yong—Yook Kim*", Jungeun An* Taejoong Kwon™*, SangGil Lee**

Sangsung Shin**** Miho Park*, Sangjoon Yoon*, Joonhyuk Bae™****

*57)edTY IUA LRI AAME, FHEokdl Ry oy, FHEEAE o]y,
R Sl A Y o] 7, R A of| 1 2] A A1

Abstract : 13 3932 940 F2 AT Yot S AF B 2Ao] ZHes B B AT
W, W2 A 2 0] A o], 2 Qe 5 vl g, 45 Pu UL HE B0 <9 2

Aldol A ARt ik & ﬂ:rL‘)ﬂ/\iL ol3t A S SEsL7
A 9 g A s e B el A A 7t B4 o | A] oF Y s E S H(Floating Energy Island
Hub) & A|Rkebe). 2 o == 215) S|AHER] T F-410] 43 Elo] HVDC 3584 =R A] 22 3
9 ol 7158 ST Al W AR B R A9 7S Bk o) g BeEeR
A AR S s o] 44 2wkt 2 A4S 18 ste], 4 GWH HVDC 3 & g7} 7153 &
FACE-ZARE) 7Rt spol Bl = BG4 7ig AAE A3 Folth £3 2 A M= 71&4] B
A iSRS S Bkep] I AAN L s A R GEE Bl slom, B 4l )
T SEE TGRS O&M EE8tet w5 U7HLCOE) A4, 12|al “si4f oA i&es
(Energy Highway)”’= 0] 3122 235} 2271 A& &84 A 18 Zx =2 611 Qrh. 2 W oA 284
AN ofdHE S H0] 7] 7, A Wk, el o | A] &= 2 of 53t el of tigt 27]
E )82 2oh537) g

:\9
= ol
=
HU
FlO
ol
ox
- o
I (
i)
=
im
o
Lt

Key Words : Floating Offshore Wind (5--8-2] 3]A4F%2]), Energy Island (of| 1] %] o}@i =), HVDC Joint Connection
(HVDC %% <), Economic Feasibility (7 #| 4] % 7}), Operation and Maintenance Optimization (-3-%] &
4= 783}, Feasibility Study (E}34 HAE)

T Corresponding author, E-mail: yongy.kim350@jae.re.kr
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5 BIE aEd A7 AT B4

Energy Yield Assessment of a 5.7GW Large-Scale Floating Offshore
Wind Cluster in Ulsan Considering Wake Effects

Hig|S*T QAIE* zige*

, Mo , ™
Miho Park*", Sangjoon Yoon*, Yong—Yook Kim*
*NS7|EdTY IHAAHZSAIE

Abstract : 2 1= 2AF S ol 24JE 5. 7GW RO T4 i F-4 S-S A As A E e
a4 *Jé*&%% 7HaA AL, 55 2 l(Wake Model) 2]-g-0f mhg 2% 2pol & 24 WG Utk B 1l 11
o= WYshe T4 A8t B4R 357 & B Uit R Z2AEQ| PA A Bl Shiof d4
Al g4y B4 9 AR EE £ol7] 8l 31579 HAIE (ECMWEF)2] ERAS 7]RE 30 7] &
% dlo] B9} EMD-WRF 1'd 72| 8} t|o| 8| & &85} 0.1, 1SMW 32/ E| 1l 3857] 5 8Dx7D o] 4 7]
2 x5t SR E FAEARFU &7 B3 E4 0= 2Tt TR0 2 22of= A 7Rk /1A
FZ9l ‘N.O. Jensen (Park 2 2018y eyl ojd Z¢|A¥ dA]o E3t= 719X 2K Gaussian) 7|52
‘TurbOPark’ KL9l-g WA} 2G50 AIE Bl Gt 7HAA ©A[ 9] o] 24] o] F L H(Gross
AEP)2 ¢F 257 TWh/y & A5 95Ut 18t B8] 7F 7HA& HEed 3l &= WA 2F(Net AEP) 4] of| A =
7 2l 7 i Aol 7k UEbd S U Tk NLO. Jensen K& 28 A] £ télfz 12.7%, ©]-8-E-> 39.3%
(Net AEP ©F 19.9 TWhiy)= H| 4] 5 5}A 71l BEH, TurbOPark 29l 21-8- A] 57 412 18.9%, ©]
§E2 36.5% (Net AEP oF 18.5 TWhiy)2 AF& o] o A] &4do] o a4 Yeldsyth 222428,
57GW 2714 9] =g H-3-4] slAge S A A= 712 NO. Jensen @lo] o 2] £A48 T4
AHgek 913 o] EARU Tk whebA] HFFAFEH(FID) 9 Ha4=2 o] ghe] 2| Q1 AR/ 241& HOHH =
TurbOParke} 22 o 7] 7 28} melS #-g-5h= Zlo] AgEYth £, 24 23 54 THEE,
AL EEE)NA 5 0] 20% o) A RtE = A o= UEh, s 'R BlR o4 A2l E
Stz & TAl Flojokof e #] A3kt 8 Y T

l“N
o 4

Key Words : F-5-2] 3| A% 2] (Floating Offshore Wind), & & 7}(Wake Effect), & 1 2l(Wake Model), A 72
(Annual Energy Production)

" Corresponding author, E-mail: mihopark@jiae.re.kr
5 7]

B 3L 7|50 |2 87 F(MCEE)Q} dHtolu 2] 7] & 4 7FA(KETEP) 2] A9 wrof =3t 5t A Yy,
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HVDC 7]8F &54 7] 3Be] FAo e ZEF
Mo i d+

A Study on the Conceptual Modularization based on the Type of
Floating HVDC Energy Hub

olssHT, o|AZ* o|ztE*
Dong—Hwan Lee*", Sang—Gil Lee*, Chan—Hee Lee*
() A o] A

Abstract : T} 5 34152 o] Sto ol whel i el A @)= S As7] Sla A He Qe
o FaA4o] F745taL Qlek. 3] e SAEL 2 SAEL
of Hgo] shef=l glow, SAfel A AAFE Hele R A5k HVDC Wk HulE 588 4= ol 4t
A9 2| Bl Z7hehi ok,

18Uk HVDC 118k AH]3= 7] HVAC A1) u] 23} Fepo] 27 S71si0, S a9 2L 424
3 7h 5 A T B 7 S ool A A El A B FA] ]uk Sl i SAES A
254 oux]

gal7)0liz 7144 A4 Aleko] ey, whakA] St HVDC AH|E 483 4= 9]
o8 Zoze) At 1% W4T A Aol gt At T

£ Aol A slAE Ho] HA T HVDC 50 Sa3t7] $15k 2oia 5-4-4] o7 3]0 2%
A2 Alckskan, HVDC o] ghajo] Agat 544 G412 FEsheeh. Agkd SRE G4 A 4
7k Ao 4] BB E BG4 T2 7|43 7]9ho 2 Bhof 2t 10 GW 2] HVDC AH|& g8k 4
QL= M7 w9l on], Sk SlaFabdel o] A Qg AT AX) Bl o] A 7hs 4 Tefsielt
gt o E e 2] AE o] o-gate] HVDC 4] §e5g WAH o2 shfat 4 Y SE
4o 2 mES A G AASHTE o] 8 B3 27 TAlel A A BER 29 AR,
o] 5 MHATA Aol wel BES Fbstel AA S §S HAHOR ZAAA 5 YES St

£ A4 AT BES 04 o U 55 S e HVDC Mu|S GAH 0w g 3 4 9

Lo e o H BUE A MR T RS A AT,

Key Words : 5-5-2] HVDC o] Z] 3] E (Floating HVDC energy hub), 253 -3 (Module type floater), A3} A]
(Spar type), BFF4=2](Semi-submersible type), 214218 & A1 (TLP type)

T Corresponding author, E-mail: dh56@zentechenc.com
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_$_
B AL 20059 % AAFAAUR] AU AR A 471 S ALY BE el B 10GW 24 2
B4 SAFF H A W et 710 A S Wob 2 g 5L 34 Ui e (3|5 : RS-2025-02473000)
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Numerical Analysis of Installation Vessel Stability and Structural
Strength for the Installation of 15SMW Fixed Offshore Wind Suction
Bucket Foundations

QAZ*T otmo*  AxySH
Sangjoon Yoon*', Jungeun An*, Jaehoon Son*
*FUE7]|EA 1Y IYA 2 ESSAE

o
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Key Words : 3422 217 FL22E(Offshore wind jacket), 4441 ¥ # 7] Z(Suction bucket foundation), jAF=] 2l
(Floating crane), A3 2] A 2F4 A (Installation vessel stability), 52} 7} =(Structural strength)

" Corresponding author, E-mail: sjyoon@iae.re.kr
7

B AT 7| 5ol X85 A Q0.2 Gl A 7] 4B HA 0] A UL wob 4= AT 34| ¢ U o (RS-2024-004
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Preliminary Economic Analysis of Offshore Floating Solar
Photovoltaic Systems Applying Standardization and Modularization
Design

oto|S*7 SAIE*
Miho Park*", Sangjoon Yoon*, Yonguk Kim*, Chunsik Lee*
*NS7)EATY IHUA LGS E

Abstract : 5 917 S AL AU 2| 9] 91 A1 S517] 919k ThoLo 2 Bk S 04 B
O A A 2 R(OFPVS)] A8 B4 2415k 551, 259] BlueNewablesik7} 4|21t 71e)
ol 7ytel E23} U BES BYPES PV-bos HILS FHOR, T2 BF H4lo] 7] 48AE
(CAPEX) 3 #58HH0 S/ HLCOB)] v A= 8- 1aHsieh. A 23, PV-boso] Bt 27 2 2
E A2 WAL 71E 244 7N o) AR tu] BF 22 CAPEXE of 83% Agstul, @3 A3 7]
e )Mo WA A0R ebhth ZAY ABdoldo] w2, IMW shels] el
200.1 §-2/MWhglHl LCOE= 7#2.2] 47k AR5 100MW AH4] 2|02} A7) 4:50] 3041 02 ¢
7] Acke] o4 68.5 FRMWh7EA] oF 65% o)A Shestgict. Lot elatago] 53 Siopa)
of Aol £ WS HgY A5, WAF Frjol M FHH Brh eow 1S wele(Grid
Parity) T4 0] 7V5E-& SHelshlet. thal, A4 Y 20 A 2HHE 91shH L obAlok W )
Az 9 23 F-3(Supply Chain)] FA\EH7H B2 912 A 13k 3 A A e ko] 4831
943 71 H N sto| Setel e AT, T Ao AF HolH S B mY U] 7% AR
2249 0% 7|dgd

ol

Key Words : 3jAF 52 €] oF34 (Offshore Floating PV), 53} W 253} (Standardization and Modularization),
ST} (LCOE)

RUs

" Corresponding author, E-mail: mihopark@jiae.re.kr
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AZHE AFE 7% MPCY A% 75 HHA U Ao
484 37t

Evaluation of Real-time Operational Stability and Control Application
of MPC on a Single-board Computer

B, x=xper

Kwangwon Choi*, Jaewan Joe*'
*Qlahefahin 2uke Al el B3kt

Abstract : 22 7|8} of| = #]| o (Model-based predictive control, MPC)= A& & A ] & o] Eofo]| A of| 1 X
A 4 2435 913 74l 7 o 2 S-8-Eof it ey A A Ao H-8-517] flslA=
Qb 0w WA AHY A7k P, Ao} 1EE Hulo] Aeels] Slak HEe] B4 U A% A

o v XN
A7 BosteE A% Zﬂ%“’ﬂ ojg2o| hEr}, oo E Ao A= £ AZEE 7 3E(Single-board
computer, SBC) /ol Al 4-F 7Hsgt MPC 9 2|43} dare|&5 F+3skaL, o5 glolg =3 at Al 2A
API 7|4t A|o] A% X*%’“E 313 AA7E Al EF o) E ¢1%5 Al (Hardware-in-the-loop simulation, HILS)

B8 TESGLE. ol w0 122 el €] A 2yskol 243} elare] AL T oA
4, B4 AL, 1231 A ool Al gl efgt Alo] 28 7Hs & BoESHT) 11 Ak, SBC 3
ol 4 MPCO] 1417 52} AA] Al loj7} S8 0 2 S 5 93-S BHalstgch & AFE F
F QHIE = )4 MPC Alo}719] 7] A% W AES bs A ES 913t 712 AR R B8 4= e,

Key Words : A 25

= 7137 (Simgle-board computer), A A| 7+ A& ¢ E] A5 A| & (Hardware-in-the-Loop simulation)
AnA=1pg

=

— T

H} of| 2 A o] (Model-based predictive control),
" Corresponding author, E-mail: j joe@inha.ac.kr
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o502
AF 99 Ale AEdolae &2 - Ao 22 A

#3 2y

r

Analysis of Physical and Control Model Limitations in Advanced
Building Envelope Technology Simulation

MES* xxpep*T
Jeonghun Seo*, Jaewan Joe**'
*olst et AntEA|E|FER, *EQlstd gt %5k}

Abstract : 715 F29] o1 2] 4H] A7 918l AEYAE ES3HBIPY), 54 A5 (Electrochromic,
Thermochromic, Photochromic), &% x}2}(Motorized Louvers, Kinetic/Adaptive Facade), A SH=2 (PCM)
99, 2u] YA S| EPEZ T Het €] 7]%01] gk A-t7F 2] g L Qlnk o] Bt Ve i
1-1 JJ-B‘]JQ Z] 7] ] E/\‘] o] 7301—% %1— 7‘] Eo]l:t] 9,] H §]—761 }_7—] oﬂ Er,]—a]— k].‘:o] EX% og %ﬁ].‘é‘ oY
E22 7}t 18U EnergyPlus, TRNSYS 5 &4 Jg] AFR-E= AL of| 1 2] A| B o] 4(BES) =5
= olegt B4 58 A S8 WA sk TAE 7HAIH, of= AA DA oA < ol v A] A
of| & 412 % AstE o]o]d 4= Qlrt. &2 Aol A= F8 HAet 9] 7eo AlEgold Rd S =g 1
w3} o] WEl2 25k, EnergyPlus 1 TRNSYSO A T4 thE melS thafo 2 2|uf A 2]} 7
HAE AT o) % Bel mule Bgol A e hesl) theste Sel @A masigh
=4 A3k, ohofFgt 9]u] 7wl A o2 U HEE AR A8 Algglo)d e FA, Au
A4 0) Sz e, 54 715 0] B4 A2)o] ] 1A B4 selo] B1E|glek. & A Mgk 9w 7]
=9 Algdold B FHAIE 7] 7F vl ol A A 2lstaL, 3k BES 7|8 e 9)u] wdlo] Ee 4
AU W E A A% XA A7) 918 e st o] Wk A wiet.

or rf

Al

Key Words : A& o|UZ] A& o] A (Building Energy Simulation, BES), A& A3
Photovoltaics, BIPV), A =2 (Phase Change Material, PCM), 27| AT -
2134 2|9 (Adaptive Building Envelope)

el 9F33(Building Integrated
2] (Electrochromic Glazing),

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

Kb A @) 6 BB A9 A 90 2 AT AT 2| 2 ot 4 Hl €174 (RS-2026-25481686).
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Q8% 78 v 24 484 24 Aad AL 2

Development and Operation Modes of a Waste Heat Recovery-based
Radiant Floor Thermal Environment Conditioning System

O|RZM, 0|Z45*, Alhe*”

Yujin Lee*, Gunhui Lee*, Dae Uk Shin*'
e eyl amAG e U

Abstract : St} 7] ABOAE oS W g ol AL AU i Wby Fg SEHTE Y 4
o], AL Ao Hole ZN uket BAL A AES Fof e St oleh B 3t ol 5o o
Qi AT b BAL A LGS A L ATHA, Bl OR QI3 uhet Erlo] hetere e 3

71 SAOR B e R SR el P BEEER 40 A e
BAF A 2E]0] 290 2 Bhe i
colof & Aol A HiF Y
| 7o) ofju] TA| = A, AJE]
.g_ LHuH/K] '5]E.H_Lg]_ L]—l%_Q_

P

FFAIAZ 4= Qi) ouf Wul TR of| A vkAlsls H|E-S 34250
7|1& E?——lﬂi 719k Al 2~"lof| vlsf} o q X A3 37} QL& ﬁﬁi
o} e} A} 2] 28lo] Agkel Hed sl 7|5k wpet Bl Q1917 %
P 2 w2 e ofof ufe 90 BES Aekeleit). 7] Al
21e) 7|4 et A AT 0 2 o] 9o, AT A o Ga|op me ol
< Aal7] §I3t Luas 2ojelglch Wik £ A $57]2 HiZ L oS 5j5sto] Yoo} & AL
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Key Words : 5| & 3]4=(Waste heat recovery) 5 A] Yt A] A 8](Simultaneous heating and cooling system), H}5} E-A}
Uk (Radiant floor system), & ] 2] (Thermal comfort), of| 4 A] & Z}(Energy saving)
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BES-0-4

Performance Evaluation of Temperature Distribution Uniformity in
AHU Duct Using Static Air Mixer

olE*, WEES*, Mo, yE=*

Junwoo Lee*", Hanung Jeong*, Minjae Jeong**, Kyungmo Kang*
o zlv st AEgsha, *Hd i AntE A E A Ad g 3g et

Abstract : B2 A 2B A= A2 oh2 £19] 9]7](Outdoor Air, OA)2} 35 E 7] (Return Air, RA)7} &
FEEA HE 0] £ 8 4 Bar B Ushl] BA4E 5 00 o)t oux B8 Aske} Fu)
A 114 59 BAS S8 4 Slk 2 Aol AHUSE ) 37] 2% 230 B8 A
el 41 271 T8 A static mixen) & 48513 37] £ 453 e A S GrAelAct. A
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& fUstol 88 2AS YA} 4, 92, LEE Syl 37
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ShATh @ 9 B7] 212 G| S inlet SEGIAE AT OB Z4E Sasieon,
Warm air2} Cold air Oﬂfﬂ 27y 87 e 25 =459 tE AE X742 None, Straightener,
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25 5& Al 5-8% ol L o b EAo] A yEkyth E3F 1.5 m 91%] 7] &9 BE A
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& Zo% gt

Key Words : A% 57| Z|(Static air mixer), A|&7] &3}
E X

A} 5(Air mixing performance), <3+ & -8(Mixing
effectiveness), 12 £41 (Pressure drop), 5= B

Ry 3
Q | 2E(HVAC duct system)
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AREF7HIM S HVAC 4 Aolg 4
Physics—Informed Neural Network 7|8t 723k

Physics-informed Neural Network-based Reinforcement Leaming
Control for HVAC Operation in office Spaces

EFZlopR*, Zxpet*’
Abu Talib*, Jaewan Joe*'
*Qlahefahin Aok A e ok}

Abstract : Building operations account for nearly 37% of global energy consumption and process-related
greenhouse gas emissions. Among building subsystems, heating, ventilation, and air-conditioning (HVAC)
systems constitute a major share of total energy demand because of their role in maintaining indoor thermal
comfort. For instance, HVAC systems account for up to 61% of building energy use in the European Union, 45%
in the United States, 39% in China, and 16.6% in South Korea. Therefore, improving the energy efficiency and
reducing the operating costs of HVAC systems are of significant importance. To address this challenge, this study
proposes a physics-informed neural network (PINN)-based reinforcement learning (RL) framework for HVAC
operation in office spaces. A PINN integrating a convolutional neural network and long short-term memory
network was developed to predict zone temperature, while a grey-box model was incorporated to capture the
building’s physical thermal behavior. Unlike purely data-driven approaches, the proposed framework explicitly
embeds building thermal physics into the learning process, thereby improving the physical consistency and
reliability of temperature prediction for control-oriented applications. The model was trained using real-world
data collected from a single-zone experimental testbed located in a university building in Incheon, South Korea.
Furthermore, an RL agent based on the soft actor-critic algorithm was trained in a PINN-based environment to
minimize HVAC operating costs. Through continuous interaction with the environment, the agent learned an
optimal control policy for HVAC setpoints by maximizing a reward function that balances reduced electrical
energy consumption with the maintenance of occupant thermal comfort within comfort bounds.

Key Words : 7}3}8}<5 (Reinforcement learning), ol U] 2|4 ©F (Energy saving), HVAC system, Soft actor-critic, Physics-

informed neural network.
T Corresponding author, E-mail: jjoe@inha.ac.kr
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339 839 94 2 28 4L 9¥ AY d=yn
N2ge A% 4% o
In-situ Performance Evaluation of a Hybrid Ground Source Heat

Pump System for Resolving Thermal Imbalance and Enhancing
Efficiency

S0 BAH* SO H5ES* RAS* MEHT
Seungmin Heo*, Sang—Bum Ryu*, Hyeon—Min Kang*, Hak—Ho Nam?*,

Sang—Hyun Cho*, Se—Jin Yook*'
“gkapel ki 7] 3k

2
Ll

Abstract : 2 A= 7|2 2| 5] 23 2(GSHP) A 2712] o Ui 7] 58 7j4l %
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Key Words : X| ¥ 3| E 8 3 (Ground source heat pump), & 3|4> ] %7} 2] (Thermal recovery storage), A+ 3= (Phase

change material)
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227] 37 9 Ao} Ao mE AP 987 4 @
A7 A% 24

Analysis of Indoor Thermal Environment and Fan Energy
Consumption by Implementing AHU Supply Fan Control Strategy

HERISI* 2001S* o|Ciel*, 51&58* =M
Changhyun Ban*, Minho Kim*, Dabeen Lee*, Jonghyun Ha* Sung Lok Do*'
e el fiam AR o L DA s Brainl

Abstract : 715 52 o U1 2] Awl i 2R U] 2:9] OF 30%E x5 ik 55 7] & A8 2
Al2ge ) g} 8 9 B WBHE Q3] 27] AA |wek Ao g Ml AR SAo] WA 5
glom, ofo] uteh 29 23k oLy 217k 748 7bs Aol ik utebd AE RE U] 2HE 87
3171 918l 71% A% 2o Z& Al2go] 4| oo HYFEE LA YA PEekn oA 27
2 AR Al Aol Bastch. ofof & AT AL Ale] 91X/3 7|15 ARO] Bx A2E 29 Fol¥]
2 ol sto] And S Sayshedrh. S Ak wIAA ARHEQL B0 Atk W g e 7]
o] T AT o1 S| $l8) 2 A WMAFAZHINIZE ) 9 F7] FoF 25(10% 5
2 7)o R 3 W Alo] A M ACKSIAIL, A A e A go] BE 9 BhE BHo=
Shit. o2 $lal ASkEl FAn) A A2k A4 7% 2xo] Hgatelon, ofo] e A LA, F
7] W o) Ag, el b Rene SAsch $4 A, A £EE ASHRAE Standard
552017041 AN £ B PHLE WIS §A5k 2L Slskieh. 371 W F oV A AL 43
3163014 22} oF 322%9} 24.4%2] APEES Bah & Y BRAFL 453 163014 22 o
13.7%} 13.2%9) 78-S Bole oleld Ak W /M5 AR 8 7] o % A4S 7INho.R & Av]4
o o] A LATFS FAFAA F7] W oAU A AL EBH O 2

Key Words : 7 1] A (Commissioning), &% A]ABEI(HVAC System), % ]| E](Operation data), s 7}5A]7HFan

operating time), 7] =% (Supply airflow rate)
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E2PA5+AF ALY 74 Power—to—Heat A7 54
Ay A29 27 29 dus Ad

Development of an MILP-based Optimal Operation Algorithm for a
Power-to-heat Integrated Fifth-generation District Heating and Cooling
System

E|QIE*H* AGHFFFO[FHTI*H* O A*, QFFAM* KXfRM* ZoIF*T
Won—Jong Choi***, Ye—Bin Shin***, Heon—Min Lee™** Wangje Lee™,

Youngsub An*, Jae—Weon Jeong**, Min—Hwi Kim*",
FgrRol U A1 714 AT AAAAHATA, Fratobrfah 7% T ek

Abstract : T B2 A= AdE S olU A 35 Aol A Bloju thefdt o g 2| o] F3t
A Ahe] o A Al 2R o] @It o] 2|3t B F Lol A AL AUEY ALt A s|EHZE 7|4t
o2 QAR HES 5T 4 = A A G ik A AE(Fifth-generation district heating and
cooling, 5SGDHC)0] Z228k11 9)t}. E5] SGDHC A|AHL A& AYESIE 7juloz stuz oo 7
Ao R & Foflu X 2 AFFsLe] A A 4= Q)= P2H(Power-to-heat) &%l of| 82|93t F 2 & 71Xt 18
U 71E A TR ALE 2y e A T Aol 23S WEA e, ARl & oA 8t
He GUEYS &1 S92 A &9 A=kl thet =] BlaL A= AIRHA o= o] f ol A gtk
2 Ao 4= SGDHC A28 9] 8249l & A2k =&317] §Jd £ +4 % AlE (Mixed integer
linear programming, MILP)7| Rt 2] 213} 27 & a1e]&-2 WA SHRIT). Python 7|HE 2] Alggo]d =&
2 P20 AUEYD FREEY ZAR Z Y AAZS 20 Ao] Wiz AHHGCE ALE @
Qo] 5t 4%-& $41517] 913, 72 714 Alo](Rule-based control, RBC) SFiLe] %3} ] i 14 s o1,
RBCE QU] 2912 525 25 °C §12} £ A% Aeol th2 T 4 3325 A3t 7212 890
B, MILP= 2] o4 2|3j9} 47100l & 5718 B2 ol A3 BAZ 740190k 59 2ot =
At 23 AACNA T ko] 97 A5 vl wa ATk MILP 7|5k 27 F2ke RBC Ao} tiju] % 2
BT Te)E A AHRERS HaAlY|s ke Y o 2 SISk

Key Words : 5A|tl| %] &t (5th-generation district heating and cooling), P2H(Power-to-heat), TES(Thermal energy
storage), MILP(Mixed integer linear programming)
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Juj SAF W] w2 F7|€9 SJEHZY AR

Experimental Study on Defrost Control of an Air-Source Heat Pump
under Various Refrigerant Charge Conditions

Ol;g_?_*v“, ;:IAtH*’ O|AD|*, 7|_gi|.**
Jungwoo Lee*’, Soonbum Kwon*, Soomin Lee*, Yongchan Kim**
*nefdjet 7|41 e, Fr e st 7] A3

Abstract : Frost formation on the outdoor heat exchanger significantly degrades the heating performance of
air-source heat pumps (ASHPs) operating under cold and humid conditions. This phenomenon causes a
reduction in heating capacity and coefficient of performance (COP), resulting in unstable system operation and
decreased defrosting period. Although numerous studies have addressed defrost control strategies, the influence
of refrigerant charge level on frosting behavior and overall system performance has not been sufficiently
clarified. In this study, the performance characteristics of an inverter-driven ASHP are experimentally
investigated under various refrigerant charge conditions. An image-based frost monitoring method is applied,
and a defrost control strategy based on the blockage ratio (BR) was evaluated. The results show that refrigerant
charge level significantly affects evaporating temperature, frost accumulation rate, and cycle stability.
Undercharged conditions accelerate frost formation and increase defrosting duration, degrading energy
efficiency. The proposed image-based control strategy improved operational stability and heating performance
compared to conventional control strategies, indicating its applicability for cold-climate operations.

Key Words : 37| 8 3| EHZ(Air-source heat pump), Y] 5% ZF(Refrigerant charge level), AJAF = 2] (Defrost
control), A} 3| -&-(Blockage ratio), 1 AJ‘5-(Heating performance)
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AR AE 29 Hlolg 7]dt o]Zlemto]A| A of ¥4
mE oA ASE Bt

Evaluation of Energy Consumption by Varying Economizer Control
Methods based on Actual Building Operation Data

20I5* UG o|Chl, SIEE*, mAEr

oL ,

*

Minho Kim*, Changhyun Ban*, Dabeen Lee*, Jonghyun Ha*, Sung Lok Do*'
e i la= ARG s b P = BT

Abstract : 712 FL50] A FY DAL AL 715 A5 29 UAA ] x| Hife] Fastn,
o2 $I3t thE Q) Wl F ShEE o] siiufo] 4 Aoj7} o] g3t itk o] sLienfol At §7] 2 u]e)
8738 715 o e el 91719 B S7HA W RIS AL Alofolt. el 44
713 A5 B A o A1) g4 22 2he) ol <lsf ol stenfol 47 ¥ A oA ¢
0w, o]l e} 0 8 gk A Aol WA - sl wekd 4] £9) HolE|E 7 uko = o]
sesfol ] A1 £ A4 % Bl to] st olo] £ At A& Al AT A28 18
o g7128P7] £ Blo|EE 7]9ho 2 o stimnto] 4] £.0) AHAE WG, o] sLintol A Ao]
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Ao A Aol A8 B5at T 2} A o] 2 Al B o S skt 48 Ak, o] info] A2 A
8975 7] e 4y 2} 97| =) Bo] A2 .02 Aoj it o] 2 23] £33 &
A0 R SO, War 91 ol SOk oo 242 i) oo vis 286 2
shick. olefst Ak o] sl A Alo] 482 Fal W oA B HuE FHRT S 9SS Mol
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Key Words : o] F :=1t}-0] *](Economizer), 2<% ]| ©] ¥ (Operation data), 2]7]| A} €l](Outdoor air conditions), of| U X] A&
ZF(Energy consumption), o]l A A Z+(Energy savings)
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A2 AS=S oA Be A fas AT AR
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A Review of Occupant-Centric Approach for Closing the Energy
Performance Gap in Zero Energy Buildings

BZO* MO SRHDI* S{RfuE** HEAS*T
Kyeongmin Ryu*, Inseo Jeong™*, Chaimin Hong**

Jaebaek Heo**, Sanghoon Park*'

wolMY|aln EA|AZSHL FHo M Tsh Yt A= st}
Abstract : 2| EtAST H o whE} A2 o U X| A =-E(ZEB, Zero Energy Buildings) &3 &4
S A] Fope] 8 Aol ofof EI} o q A] A|ARI(MES, Multi - Energy Systems) 52| =%
]2z ok A A"O] BE2Ql -8 SI%E Al 7|5t o x| 4] 2| A 3} A7) 2is] =3 =] 1 9le
u, 27] AA Ao A Q] oS o[ U A] axv]gFa} ¢ ThA| | A Q] AA| oL 2] Axv]gF Ako] 2] o 2] A
% ZZHEPG, Energy Performance Gap)+= 3| A3[jof & A 2 Holglth oo & 1128 o= 1] 2] A Z|
2AE ] AR AAZE A 8o WhE oY A] axH] §AS S50 WHYSHA] etk Holl 5
Sttt wheba] A AL 324 2k ot AR A Q] of U 2] Al A-S FAl @A 4 A= sl AR e
B2 A AR} Z“(Occupant-Centnc) Aol 4l E3FS mhefslal % Whekd 2 AlA O}b o] &2 o] 3L
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Key Words : A| 2 0f| | X AZE(Zero Energy Buildings), o] AH|&F(Energy Consumption), o|JA] 45 AX}
(Energy performance Gap), A4 2} | 2 AJ (Occupant Comfort), A A 2} %4} (Occupant-Centric)
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AZNIAAE s A 45 93 Physical Al
Robotics &4 &3 1%

A Literature Review on the Application of Physical AI Robotics for
Closing Zero-Energy Building Performance Gap

JESN
Jongwon Lee*'
Aot 755k

Abstract : Zero-energy buildings (ZEBs) exhibit energy performance gaps (EPGs) of +14% to +30% between
design predictions and actual operations. This study reviews 40 publications (2022-2025) across three domains
—Physical Al robotics, physics-informed neural networks (PINNs), and building digital twins—to analyze the
applicability of emerging Physical Al technologies to ZEB performance gap closure. The review identifies that
while individual technologies for robotic inspection (TRL 7-8), physics-informed diagnostics (TRL 4-6), and
digital twin integration (TRL 4-7) have matured rapidly, no prior study integrates them under a unified ZEB
performance management framework. Based on the review findings, a five-stage closed-loop framework,
ZEB-PAR (Zero Energy Building—Physical Al Robotics), is derived: Perceive, Diagnose, Update, Optimize,
and Verify. Technology readiness level (TRL) analysis reveals an asymmetry between the Perceive—Verify axis
(mean TRL 7) and the Diagnose-Optimize axis (mean TRL 5), indicating that robotic data collection and re-
inspection are near deployment-ready, whereas physics-informed Al and LLM-based optimization require
further building-domain adaptation.

Key Words : A 2]\ ] 7AE(Zero-Energy Building), ©f|\] X A]52Z X}(Performance Gap), Physical Al, Robotics
(Robotics), T] X & E ¢ (Digital Twin), E2] % X A1 74 (Physics-Informed Neural Network, PINN)
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A Feasibility Study on Applying LLM-Based Techniques to Grey-Box
Modeling for Model Predictive Control (MPC)

ClEHE*, MEE* ZRE™* xxjer’
Taehun Yeo*, Jeonghun Seo*, Chanhyuk Mo™*, Jaewan Joe*'
*olslt gt AntEA|E]FEt, #Felslt) sl oo]EjAto] A Asta)

Abstract : 2 917 7]k S| ZA]0|(MPC) A3 2% 588 ig Tefolatss Ameal Fgof A o
T Q10| LE(LLM) 20) 2§ M5 4E AESIAIT £ AT LLME B5H4 Berg o Alshe S
o] ofek, el 723}, TE A4, A7 A EIE A el AR B a £ A4k ol e
S U glo] g Z Ao A hand-coded grey-box, Al-generated grey-box, Al-generated artificial neural network
(ANN)| 4] 717] el A2 vlmelgie. ek 912 Aue] F3w wisjol] dhgt vhe-S BIs) 9
ol Be0] A1 S5 (Level) S A ofao] B7HE Saahlck. vl 7158 o) % Heke s o2t s s
A, A4, Aol A3 AT S Bl Eekolsich. 1 AT, Al-generated grey-boxiz £ W Ak
Hlaof| A 71 o3 33l Ao Hlon, ANN 4 2= tloje 240 et 5 Mado] 4z o=
A bttt o] 2jgt A3k LIMO| AA 4 &g 7HA)7F B2 e w3 black-box o] 57| &2 T A
St dl 71Eoh, 24 sl o] 7Hestal A 7HeRE grey-box A YAER S A Ysh= U S
A AR
Key Words : T8 o]t~ 29 (grey-box model), T2 Ao 2 (large language model), 213417 Wr(artificial neural
network), A& &9 (building thermal modeling), =2 7|4} of] 2 A o] (model predictive control), o=

A&} I= (prediction accuracy)
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Analysis of Energy Saving Effects of VAV Operational Scenarios
Considering Thermal Stratification in a Large-scale Auditorium

ZI=E{* 7IE°_|** 1}%4%***, _E_Adal***T

O,

Junhyun Kim*, Dongwon Kim**, Younghoon Kwak***, Sunhye Mun***T

AL 15T, FASRAY AR, P AL AT
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2o 2AB S BEHGOR, BT GenOptS BT 242} Q70| 7] 2 AR T8 of

o{M

Key Words : |57 ZA&E(Large space building), 37 (Auditorium), B4JZ3HThermal stratification), HZ%F
(Variable air volume), A= o] X] A] &g ©] 4 (Building energy simulation)

T Corresponding author, E-mail: msh@uos.ackr
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Development of Active Integrated Building Envelope Systems for
Net-Zero Energy Building Realization

HHAKS* O|Z=&f*, HHEIE* x|SHE*
Sangmu Bae™, June Hae Lee, Minjung Bae, Hyun—Jung Choi* '
A7 Ed Y AU A A2

Abstract : The building envelope is a key factor that determines the heating and cooling loads of buildings.
However, due to its long service life, improving energy performance through individual component
technologies alone has structural limitations. In order to overcome this limitation, integrating multiple
technologies into the building envelope system is an important approach to improving energy efficiency and
economic feasibility. On the other hand, conventional building systems still configure heating and cooling
functions as separate systems. This approach often results in higher installation and maintenance costs, and fails
to account for the interactions between envelope performance and mechanical systems. In response, recent
studies have proposed integrated building systems that combine passive and active technologies to respond
flexibly to various load characteristics. Based on this need, this study aims to develop an active integrated
building envelope system that address both envelope performance and building energy systems in a unified
framework. This system is designed to integrate energy generation, cooling, heating, and ventilation functions
within the building envelope to improve overall building energy performance, providing a practical and
extensible solution for next-generation building envelope design.

Key Words : A= 2] 1] (Building envelope), M E] 2 §-§} 9] 1] A]A®(Active integrated building envelope system), ol
2] A%5(Energy performance), ol ] 2| 28 AH(Energy generation)

" Corresponding author, E-mail: mingineu@kict.re.kr
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Development of a Method for Monitoring and Visualizing Detailed
Solar Imadiance on Building Envelopes in Small Urban Areas

oler, ol

Woo—min Lee*", Dong—seok Lee**
Rl st oish AEsh, *HQId st EA| S

Abstract : 712 Wela) 8 a4 7)43) A4 Ao) 02 A8 Al Awl] g A 241 0] 715l
Ak 2y AA dE 29 GAlIA = ool Bagt 2] &7 HlolE 7}t F-E3] Als-E A ¢k vk
23] gof AR AE0) QA Ao 2 GBS vIAE T WSl Ay, 714 BEE F2 AU
A 3 Ao S = A LARKGHD RS Al3-3teh o] &2 QI3 =741 LA HE/d 0 4
Aol o elorgh el e LHel ke QLSS A Welsh Sek Bt gl o
o] 2 Ao AL 7| Ao A] erE ThaFsF QAL CUBE-E 8-8-80] uhe|zhat AAMzH-S k7)1
24 0.2 TR 5 3240070 W kol ol AP QAS 515 Fel e A2ssllch A A5
Al FEF(EHA 135°) A A 450 2 o2 AXEH AN S 7Eo R, $AE 2 34t S
12 ©9] QAT AL 4TS v melgich W A3, B AT L R = 0.99, RMSE = 27.95 Wi,
nRMSE = 8.42%2] 4J%-& LFebgich 2 ol A3h /]2 7|4k dlo] e 2 slelstr] o] & chopat o)
o} AAE 2 A8 AWl A SAE Tt o) 289 4 Ak

Key Words : €l %F U AF=¥(Solar irradiance), 71 & €] T (Building envelope), 21 E] % (Monitoring)
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Evaluation of Window Surface Temperature and Thermal
Environment with Low-emissivity Coating Position in Winter

o>

=, HEA, ol
. Hyo Seok Jang*, Kyunam Rhee*'
“rgn e A%

Junmin Song*

Fo A L") Feiddel $AH R aHE Hart itk A5 e S 2 QRS
HuEARE JAE 5= e 2olA T of SRt o] de] A8-5 AL ik dHrE| o2 @ v A0} gk
3 A ARl HEolle 2S5, FEI} o] Wi Al Azolle USR] 2o
Sh= o] Q) Ao A glon), 2o|AY Ao g Foo duiS 22 W e
et A5 7 vl S Aot Beh 2o| AR 9 A AL O] (P, o5l mEE ol E
A Hstst=A]of tiefiA = g7 ek okl Aok ofof upel, & Ats A 1o s
of 4 9 2olmg AH % 3@yt $87] AWS U= vAe e 245k
DesignBuildero]l A 77} 543 2 A5 HAYsto] Algdolde df A= 4 A=
P& FAs e 7 574 A, o|$H 431 ROl AE3Ie wl 21 o] T Zo|HH
off Blsf AuS s 3 L2 E=7F3.7C 57 WEba L, ©e] A3 2olAre A85te 1 2
S Z2o|Agol Hlsl 12.9C =7 ety $87] 84 7l el Ao 2 vehth AlEd o] d 4
A, o] FAe] 731 Ro|Ay o] 29 Ro|AYHT PMV7} oF 0.3 A et on, Thhe] 4% 34
Zolzgo] 21 Ro|Agof uls PMV7LoF 0.5 7| Webdol whet 58 7] A8 7l frelehe 2kl
St =3 54" Ao £t AlEH ol ARl PMV 2he| A S 247 A3k HE A
o] (o) " YA, FT A )ell Al F-ol gt ko] ATEHA (R*=0.85~0.95)7} el E] o], 35 UL =7}
AR A5l Y= A= S AT = AT o] & F6l, Ao o] Rol|iw YA R
& AR Rk opy 2k A dRFe) A o] A A o2 Jofe v A Meds FRIEAAL, 53] A=d 31
ROl ARG A AL A A ofl fEldhE SISkt & o] A= T 7] UL A5 AR
RFopyz} Al o] uhg ol Y YA AA 7hol =2kl 5 AR V2 AR R 28T = AT

rflo we A
ol o N 1
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Key Words : &% =%(Field study), o R A& ©]A(Energy simulation), 2¢]Z & (Low-e coating), ¥ H2
(Surface temperature), & 7| 21 (Thermal Comfort)
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Effect of Air Purifier and Circulation Fan Placement on Air Quality
in a Greenhouse

o5t SAEr

Hak—Ho Nam*, Se—Jin Yook*'
gl et 7] A g oy

Abstract : ZehE] TISE9 A Uhe 1] §} 1402 ol del ALEE I YA, Al 37]of
E5hs A7 Eth D5k A U 7] Fol WAF 3L 43 7Tt EAsH TRske s o] %
o] abgo] Aol A4S & 4= 9tk o5 AAsL] $I5) £ AT A= CED Al dlo] 4L o] 83
o] 371879719k &8 M| M o] W LA ASlo] TR U F71Wol v A FaFL sotata
5871 £8 RS9 A woloh ¢ 2 A chefsiA AAsgon, WIS Fol 2elshes ) &
= 4F3HE AASAA GBI AN B8 AT 4 ek Tl F A4S B S A5} of
Zholli= 37144710 L AG1E WS EEFro ) Sehae TealeaolH LA 8-S WET} EA
o Al B7) 4L Faka 0.2 preld 4 gl WS A A skt

Key Words : A U] 7] & (Indoor air quality), T 5}--2~(Plastic greenhouse), 3-7]L}0](Age of air)
" Corresponding author, E-mail: ysjnuri@hanyang.ac.kr
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Comparison of Ventilation Methods for Improving Indoor Air Quality
in an Office

EAS* QMR
Sang—Hyun Cho*, Se—Jin Yook*'

s 71 Ao

Abstract : 727 G 271014 9] AR oA §7] A of npet A §7] 238} F7] Qo] 27
b 5 girk 2 Aol A ARRA S-S AL 2 BFHA] 719k WgIA) ] A28 A g el
wo] g7 A4 HES v STk 55 W14 7] A el vk 37189718 AAlste] &
a B3 37) A3t 7] &7 ke Aeksleleh. AF L AAAANA S Fof B
WEEQL BAsgom, B AERE 37 AR SHS Ul 3710l gkt £4 2
3914 2] BALL 89 A9 BT Gol o] F7ILkol 7t Hrh oF 19% hA4he OR Lebito
o, ol 414 F719] T B8] FHHUSS uldich B8 719719 92} EE PGS 27
o 37 BA FAL Folm AY L& B2 wr FUsA §AT 4 1S st 2
T ATHE 7)E AR bl 3k Al 4 WA B A7) B A g Ro 2 e A 8
Aol 371 A HAEE ARG 5 G 7Hs A AR

1
ol

o
o
off
>,
=2
Kl
o
o
4o
)
z

[t
N
av

30, Rl

Key Words : A W]-5-7] 2 (Indoor air quality), 7] 2] (Ventilation method), 7] 1}©|(Age of air)
" Corresponding author, E-mail: ysjnuri@hanyang.ac.kr
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Performance Analysis of an Axial-flow Cyclone Separator with Water
Filling

230 QAR+
Hyeon—Min Kang*, Se—Jin Yook*'
erekgta 7] A5 ek

Abstract : 272 }o| 22 A7) = Bl A T3t Lo} e 8 2]y u]slo; 013 1;].01:5]— A}cg
ol A A 2 A = de] AR AL lTk ey 317
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Key Words : =32] #}o| 22 (Axial cyclone separator), A2 73 (Cutoff size), 3£ %] & 8-(Collection efficiency)
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Analysis of Indoor Air Quality Improvement and Fan Energy Saving
Effects by Demand Controlled Ventilation in Residential Buildings

Hete* et
Hanung Jeong*, Kyungmo Kang*'
sopoeta A% skn)

Abstact 2 G157 5 89] U712 A5k o oy A ) A0 DA o] ol st
52 7]0re) 244 37] Alo] Ak £yl AR AP Bo) 1 AE ek A2 A%

o) S 1415k B8] S} ol A0 Tl 2 A B A 0 B $E

0101 ALY W o7 R AT, ol shol] 913 £ Al i CO2 @ dolel

hl}

B3] AAA] T gol ot QB WS HABIYL, AR = Hstol upet A4 Frboll
%ﬂoeﬁ%%ﬂﬁﬂﬂﬂ“*7%%124 Asfsls Aol 242 A gatgr. 4% FEEE 7|t
AR AT, AQHE Alo] AL 0GB WA A S o) Y| B2 FIIAIA AEG WA e B
7V“%ﬁ%EE°°ﬂﬂﬂ@ﬂNﬁq-:ﬂﬂﬂ“JJh$E£&L‘ 718 Aeshs AlolS
71 AH O] S H51E ALBROR AN W oLl 7] 2u|FS 7] WHA] ] Hoh 59.1% A 7Sk At
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Key Words : 2 of|\q 2] & Z}(Lighting energy saving), =2 A|¢] 27]|(Demand controlled ventilation), o] AF&}EkA 5
=(CO; concentation), W o] X](Fan energy), &% =4 (Field measurement), A| =2 ou X] AZ=E(Net
zero energy building)
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Analysis of the Effects of Intelligent Building Energy and
Environment Management System (iBEEMS) on Indoor
Environmental Quality Improvement

HMERFT ST O|STI* HIAISH*  ZIZs pdars
Bongchan Jeong* ', Ki-Hyung Yu**, Seung—Min Lee**
Sang Hee Park™*, Junsub Kim****

AETetE A%k, HERAA AT AFoU A AT
PR A ST AREAAT Y, SR A5 35t

Abstract 1 2 919-= A4 7R A5 @ Aoyt 9 el AILFIGBEEMS) A8 mhE
A3 A EA(EQ) /A A1t AEdog Bt} gt o] 2 ¢Ja) A~ 28 H3o] Ay 374
el vlolEl ot AFAL thd At AoHE Bl BASHITH A4 2 2= iBEEMS 7Hs Al 25, 5
=, o|ibetRkA B, v A F ik, 2= 5 8 AU 87 dRbEo] Abdell A 22 A W9 LH
oA o= Hro] U 2 FAIH=AE A S 2 Frishal, 7 FA0] 4] 2 i HakE
ZASHET & A5 53 BEEMS| ofj | 2] Aof AJsnt opujet AA] AFAke] At 27 7iAl 9
WA FE SHolA 9] FaES AT Al ol ], 5 Ae@ g we] ALge] nEst 8l By g
AR SR 7|2 AT ARE E8-E o2 7giEr

Key Words : X538 A& A&7 £3 U] A 2E(GBEEMS), A U&7 % 2 (Indoor environmental quality), A}-&
&7 (Autonomous Operation), A=A} TF< %= Z AH(Occuapnt satisfaction survey)
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Assessment of Thermal Resilience in Residential Buildings Under
Extreme Weather and Future Weather Scenarios

TRHE* 2=
Jabin Goo*, Dong Hwa Kang*'

N k]

Abstract : 7| 5918k Q3] E13 Ghubel 2 S 7o) WAl I, e 9 A% Azko] S7k5Har 9
ouf, olefgh Wak 12 i) 2.9 Bt AARte] A W2 A - A G Ak B3] %
Q3 22 T 1L P P Foh Zoheh A 20 FFE fakshl, ol 2 olsh Ae FF Algrelt
AT e AN A W AFHo] WA 5= k. ol 23t Aol 4 ABo] Al L8 AL fA5Ha
A2g S 85T 4 Gl 5oL 2l el BgolA] Wk Baskole 2l 7 dae
37 wisfol thal Al2glo] Aol o5k meke F1e o] T A2 8153 4 9l 52l & o
of. olo] AL FA ARS dAFoR 29 2 AA 7 AR A WAL B S AgkaT &
o 2 Yelol2 Brhs AREAFUBALN 155 752 33 YiFES |ho e 3 ofube w271
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ik, ek i o) 712 A Astol 8lm 3L el della B0 ERE ], Al AL 2de)
A AbcheE]| & gL o] &-5to] AEFslal At Aot WH 22 =3t 7|4 W vjel) 7] & Al 27
X 2] 2. A AAg A om Hoke] Slak B 7]uke Al g elo], - 2] delola A 7]
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Key Words : 2% 22 2] 12 (Thermal resilience), =3+ 7] A} (Extreme weather events), U]l 7|4 A|U-2] 2 (Future

weather scenarios), 2% (Heatwave), 53-8 -2 = (Standard effective temperature)

" Corresponding author, E-mail: dhkang@uos.ac.kr
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Comparison of Energy Performance by Dehumidification Methods and
Operating Strategies for Glass Greenhouse in Winter Season

= 11k ** = * *% =*
SMa|*, HAE SMRF LRI g

Sunhye Mun*, Sangjun Park**, Seongmin Hong*, Jabin Goo**, Younghoon Kwak*'

QA YL AZER, FALA YNt A3t

Abstract : As the demand for stable agricultural production systems grows in response to recent climate change,
the government has established a goal to convert 35% of the nation's greenhouse area into smart farms capable
of precision environmental control. In particular, glass greenhouses are regarded as the most suitable facilities
for smart farming compared to other structures. However, high humidity within these greenhouses not only
reduces photosynthetic efficiency but also triggers various pests and diseases, such as gray mold. While
ventilation is a fundamental solution to this humidity issue, it has the limitation of causing significant heating
loads by discharging internal thermal energy. Therefore, it is essential to establish dehumidification methods
and operational strategies that consider energy efficiency. In this study, building energy simulation was utilized
to apply forced ventilation (exhaust only), heat recovery ventilation systems, and standalone dehumidifiers,
proposing operational strategies based on four different humidity setpoints. The results indicated that while
forced ventilation was most effective in terms of energy efficiency for improving high-humidity winter
environments, it resulted in a drop in indoor temperature. In contrast, the heat recovery ventilation system
demonstrated balanced energy performance between humidity control and temperature maintenance. Standalone
dehumidifiers showed relatively low energy efficiency, suggesting they are more suitable for localized control
or as a supplementary measure.

Key Words : A& oY A| A& |4 (Building energy simulation), A|< =< (Dehumidification methods), 52|24
(Glass greenhouse), ©| ] X] A %5(Energy performance), -2 (Winter season)
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Energy Performance Analysis of Air-Based BIPVT System Using
Building Space
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Suho Oh*, Youngjin Choi*', Sanghee Kim*
A7\ ek A%F e

Abstract : 20501 THAFES HIE R AFS] 9] of 2] Fofol A Bhas v &S A 76}7] 913 o] A& aL
Ak A5 fofoll A= Al A 9] A =29l =Y 8- 56}04 &9 YA A& A=
AL B g thokst A7t A E 1 Qo AU F g dLABIPVT) A 28-S AL QA= o
Aste] A8H 5= U= 7ER ﬂl FIARIE FallA Gt A7) oA E A 4= ik 7]E9] A7) o
U ARk Aqtet o= IIE A=A AE B 3 BIPV) A" Bl S off o v A] Aol et Sd
o Al BIPVT A 28] 0] o= x454 o] & Ao YFk At ofn| Y E A 7F k. shAIRE F U
71 24 ob A S Foto] F AIARIY S SAll Bladt At SESHA] 82 Aol

w2 AollA= 3 AAE st & 3 A2 F8T 4 Yl 2R 729 F714] BIPVT Al A2H
A B} 5 AT 2] BIPV A AH AR BdlS xﬂ&d?‘iﬂk I 5 FA ) AEE Aldste], ALE
5714 BIPVT A| 281 9] G4- 4714 452 BIPV A| g o] o 28l HeFa] o2 H7}sekqirt.

Key Words : AEYAE g|FF<(BIPVT, Building integrated photovoltaic thermal), AEYA|E e SF=FBIPV,
Building integrated photovoltaic), € A}=F(Solar radiation), W7 =F(Power generation), 7] & & -8(Solar
thermal efficiency)
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Thermal Performance Improvement by Design Factors Considering
Thermal Bridge in Double-Window System with Insulating Glass
Units of Apartment Building

ZIRHE*, HYX|&* AxyEHT
Jae—rim Kim*, Ji~won Bae*, Jae—han Lim*'
*o|3lo At 8t A=A A 285}

Abstract 1 2| 322 ofu x| of A7 |Eo] Aot A FETE 2fuo] A& A oA
W WA 27 ASH 02 SR o0, ol QI8 % A2 Aol Sl ek
530 AN HSR2) YL oI5 FEU ALYl T A2, AR o2t 45 3 P x
glo du EAo] AA vE Aol & &S n|Ath B A= 234 A4 22 13 Physibel
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Key Words : E3-0-8] ©]%%}(Double-window system with insulating glass units), & 1. (Thermal bridge), A13& J4-F&

J

(Linear thermal transmittance), 1145 A& A 7| (High-performance window design)
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Enhancing Solar Power Plant Efficiency and Developing Cyber Crisis
Response Policies for Solar Inverters through O&M

—,A_|% T’ Mo_;L* gra:”m* xoqx-l* 0|x|k|* x-itﬁ7|*
Sukwhan Ko*T, Woogyun Shin*, Hyemi Hwang®, Youngchul Ju
Jinseok Lee*, Byunggi Jeon
S| A 7| & AT- ARAAA AR A A

Abstract : The rapid expansion of photovoltaic (PV) power plants has increased the importance of efficient
operation and maintenance (O&M) as well as cybersecurity in PV infrastructure. In Korea, the cumulative PV

capacity is expected to reach 121.9 GW by 2038, emphasizing the need for systematic O&M strategies to

improve system performance and reliability. Meanwhile, the growing digitalization of PV systems, including
remote monitoring, firmware updates, and power control functions, has introduced new cybersecurity risks

associated with inverters and monitoring networks. This study investigates global trends in PV O&M
technologies and cybersecurity incidents and proposes policy strategies to enhance system efficiency, safety,
and cyber resilience. In particular, inverter-based diagnostic technologies such as I-V curve analysis and
Al-based fault detection are reviewed to improve operational efficiency. Based on the analysis, this research
proposes policy measures including mandatory inverter diagnostic functions, Al-based national monitoring

platforms, IoT security certification for communication devices, and whitelist-based access control for inverter—
server communication. The proposed framework aims to improve PV system performance while strengthening
NS4S

cybersecurity governance and supporting the expansion of domestic inverter technologies and O&M service

industries.
2] (Operation & Management), Ej %33 SIH E|(PV Inverter), AF0]H X QH(Cybersecurity),
“(Enhancement for efficiency)
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Thermal Image-based Deep-Leamming Model for Fault Diagnosis and
Classification in Photovoltaic Systems

QUIXY* AT
Min—Jae Oh* Myungwoo Son*'
o7&, AlY A ATANE]

Abstract : B 414 4|25l (photovoltaic, PV)& 8- Aol 4 thabeh 4k f.qlo] WAysted, 314}
WA 58 Aot ALY A BAS 2SR oy mEQ) WS 270 Aekste] Ang
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Z5}+= Rol (Region of Interest) 7| H o2 HE GO o|u|X & /WHA O & F&35)11, A7] =
3l 7oz AAYE 439519t 18] TAlH 417 W (convolutional neural network, CNN)
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Key Words : 1%A ok Al 2@ (Fault Diagnosis Al Model), 223191 £ (Fault Classification), $-d 5 A1 74 4(CNN),
& 3hAto] ] Z](Thermal Image Data), Bl o533 2H4 A| 28l (PV Power Generation System)
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Quantum-Inspired Combinatorial Optimization for Joint Optimization
of Temporal Input Structure and Model Parameters in Solar Iiradiance
Forecasting

My pAEF Ssolf, FEE* ARt
ByungKi Jeon*", Sukwhan Go*, Hyemi Hwang*, YoungChul Joo*, WooGyun Shin*
*ghato | 2] 7] ALY AR A 2] ATLA]

Abstract : o QA o %2 ey w293 W o1 7] welof glo] Zaat 8 4olu, Aol A7
A glo]gl o] A7 oS a4 o 2 v el 4= 9l+= LSTM(Long Short-Term Memory) 7|5+ & &t
do] e T3 ek, 12l 71 Aol Az LSTM 2ele] 1) A4 Zolsl 2el 2 9 sjol
wzfeto)e] H4o] 22 A7Ae] Z ol AR el BalS Fa) 2 ML A7) ok, Hlole] S4o]
e A4 298 AN AR BGe] It A SIck 59 9 A9 ols) 2 7 skl
Vel o2 5ol EAI0] GeS vl A 25 B A, T 20l 45 Z7halo] 718 1
Ol A Ee Frel 28 ) Mo R B8 A5} olel 5 9)

H AL A= o3 BAIE | 2517] Y8l FAF I 7)8F 28 HF Q{Quantum—msplred combinatorial
optimization) S 8510 LSTM 7]k e o €14} o % 10| A] 4|21 9) 2] L9} el wetu| e 2 EA]of
SIS WS AR AIRbE e chokel 21 A4 dolel LSTM el 7 skt o] 24
& G $7ro.2 A5, o] A3 M5 BAR FsIel ALH0 2 At oS Fof dlols
S0l Hake A4 AP P29} R TAS BAlo] £ET 4 9lon), 71 AHA B 44 4 o
H] Bt A A A QL oS wdl AA 7} 7hssith Aol A= B A AIAIG ol & &850 thafst
AAE 4 dolef LSTM 2 23| o ol J52 vlal 451, Aok W o] 48 7He 4=

bt
Key Words : G0l ] A&} (Thermal Energy Storage), &Y A] &% (Building Energy Operation), ©]AF AA|1 &5
(Discrete Scheduling), %FA}%8 7+ 24 3} (Quantum-Inspired Optimization)
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BiLSTMAttention-Based Panel Anomaly Detection and Fault
Diagnosis Using Real-World Data from a Photovoltaic Power Plant

O|MIZE*, O|4T* QEfZ* g+’
Se—hun Lee*, Su—cheon Lee*, Tae—geol Woo*, Kang—moon Park*"
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Abstract : 2|22 o3 2l 4| 2519] W s}efo} g7l M S48 FAsksha fXTe] AR ol

Agt 1A 27) &HR] 71 9] Fa o] AX AL Ut ey 7] &0 7] 7Hk ek W2 Al e}, 4
z27, YAEF HE SOl et e = B A A el F55] R st b @HAI7F Qi olo & A
ToM= B did ZYEF diojg e A7HE o9& F8 1S 5o R S5 4 Qe
BiLSTM-Attention X 92 efj ¢Fg afj'd 114 Zeho]] 285101, AA| e 4 dlo|gof| 4 9] Ad53 &8 7}
/35 Btk Aol =l By oA =E 158 &9 AAIE dlol 5,170,800 37}
3497) =9 d|o]E & A}25}% T A Za A Normal, LowPower, Overheat®] 370 2 JLAJ31¢ o0, vF
Ay R 7} wfje- w2 R 11 4f 532 LowPower= ‘&9tatGi T HEl-2- 48 EFAH (12471 &afo|d
A=-et 157 8 HAHE 7|Nre & e5E G0, A B4 de oS S AFEE 3
35ttt Ald Zal BILSTM-Attention 222 E|AEA 129,3197] A|#E A0 A] Macro-F1 0.9876,
Multi-class AUC 0.99955 A5l 3.0, o)A 1A+ &% 7|& 2 & & Binary-F1 0.9633, AUC 0.99949] $-
TS Boh o= AAIE B HElo] AA| kg A oA E mid o] ARl E &3
2O 2 FRe 5= 9SS HolF, &5 AAE &G D § AT AlAge) &8 7HsA S Al AT
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Key Words : 117 ZIth(Fault diagnosis), ©]4 B X|(Anomaly detection), H2]'d (Deep learning), A|A|E EF(Time-
series Classification), B ¥ Q1 E] (Photovoltaic inverter)
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Enhancing the Reliability of Flexible Photovoltaic Modules with
Pentacene-based Bypass Diode

SX|* sz
Jiwon Song*, Hyung—jun Song*'
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Overcoming Angular Limitations in Light Harvesting: 3D Spherical
Organic Devices via Gyroscopic Thermal Evaporation
My

Dae Sung Chung*'
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Key Words : A}o|2AF L & 22 (Gyroscopic Thermal Evaporation, GTE) A%$] 33<=2} (Omnidirectional Light
Harvesting) 34} <& A~} (3D Spherical Devices) -3-7] Bl %7 %] (Organic Solar Cells, OSCs) ZA}Q] £

Al =& (Overcoming Cosine Loss)
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Crystal Engineering for Large-Area Perovskite Solar Cells

M| oA* T
Ji-Youn Seo*

“xabst shsh derg
Abstract @ The transition from small-area laboratory devices to commercially viable, large-area perovskite solar
modules is a critical hurdle in the field of photovoltaics. While high efficiencies are common at the micro-scale,
maintaining this performance across large substrates remains a significant challenge due to the complexities of
film uniformity and crystallization kinetics. In this work, we present a novel crystal engineering method,
seed-primed, vacuum-assisted crystallization (S-VAC) strategy designed for scalable and sustainable
production. By introducing functional molecular additives—specifically oleylamine—into the precursor
solution, we induce the formation of stable alpha-phase nanocrystal seeds. These seeds act as templates that
dictate uniform, vertical crystal growth during a vacuum-driven process, effectively bypassing the need for
conventional, often toxic, antisolvent treatments. Advanced in situ and molecular-level characterizations confirm
that this "seeding effect" leads to monolithic perovskite films with superior crystallinity and highly oriented
(100) texture over large areas. Applying this strategy, we successfully demonstrate high-performance devices,
achieving a Power Conversion Efficiency (PCE) of 23.2% for sub-modules and a certified 19.1% efficiency for
large-area (15 x 15 cm?®) mini-modules. Furthermore, the long-term operational stability is validated through
outdoor testing, with encapsulated modules retaining over 94% of their initial performance after one year.

Key Words : Z 755} (Crystal engineering), 3| & B A 7}0| E €984 X] (Perovksite solar cells), T 1 %] 3} (Scaling-up)
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Transparent Metal Oxide Photovoltaics in Water
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Abstract : Transparent metal-oxide semiconductors are foundational to transparent photovoltaics (TPVs) due to
their wide bandgaps, high optical transmittance, chemical robustness, and tunable carrier densities. Extending
TPV operation beyond air, aqueous environments provide unique opportunities for self-powered marine
sensing, communication, and exploration. In this study, we present a water-coupled TPV module based on a
wide-bandgap oxide heterojunction that achieves efficient underwater energy harvesting while preserving high
visible transparency.

Water modifies TPV performance through coupled optical, interfacial, and thermal effects. Its refractive index
(~1.33) reduces Fresnel reflection at oxide interfaces, enhancing light coupling and stabilizing photocurrent
under immersion. Simultaneously, wavelength-dependent absorption in water selectively attenuates ultraviolet
and near-infrared components, reshaping the incident spectrum for ultrawide-bandgap and defect-engineered
oxides such as ZnO, SnO,, and Ga,O;. At the semiconductor—electrolyte interface, adsorbed HO/OH™ species
induce interfacial dipoles and ionic screening, modulating band bending and junction barrier heights,
particularly in NiO-based p—n heterostructures. Furthermore, the high thermal capacity of water enables
effective passive cooling, mitigating thermally induced degradation in flexible transparent devices.

These synergistic effects establish water as an active functional medium that enhances optical coupling,
interfacial energetics, and thermal stability, advancing the design of next-generation transparent and underwater
photovoltaic systems.

Key Words : £ €94 %] (Transparent photovoltaics); =< AFSHE (Metal oxides); 425 | x| &4 (Underwater

energy harvesting);
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Study on Methods to Enhance Normal and Oblique Incidence Light
Harvesting in Coloured Solar Modules
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Abstract : Industrial and architectural demand for coloured solar modules has surged in recent years;
nevertheless, optical losses arising from opaque colour layers, coupled with diminished light harvesting under
oblique solar incidence, constitute a principal impediment to power generation performance. Whilst vacuum
deposition techniques have facilitated the development of coloured front glass exhibiting structural coloration
via multilayer thin films—thereby mitigating reductions in light intake—the exorbitant costs associated with
such vacuum processes preclude widespread commercialisation. Accordingly, this study proposes an innovative
pattern design that not only effectively curbs light harvesting deficits induced by coloration, but also
substantially augments incident light capture under oblique angles prevalent in urban settings; moreover, we
delineate a cost-effective methodology for fabricating the corresponding coloured front glass. The efficacy of
these advancements is substantiated through rigorous comparative analysis of electrical output characteristics
between prototype modules and reference counterparts, with concomitant discussion of their viability for
integration within zero-energy buildings.

Key Words : 2 2] g]%34 2 E(Coloured solar module), 5~ (Light harvesting), 73 A}ZH(Oblique incidence)
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Unravelling the Impact of Texture Size on the Performance and
Stability of Silicon-Perovskite Tandem Solar Cells using Kelvin Probe
Force Microscope

Michael S.A. Kamel*** Hongjae Shim***, Jae Sung Yun******* Dohyung Kim*"
* Advanced Energy Research Institute, Chungbuk National University, Cheongiju,
Chungbuk 28644, Republic of Korea
**Physics Department, Faculty of Science, Minia University, P.O. Box 61519, Minia, Egypt
%% Australian Centre for Advanced Photovoltaics (ACAP), School of Photovoltaic and
Renewable Energy Engineering, University of New South Wales, Sydney, NSW 2052,
Australia
##%%School of Computer Science and Engineering, Advanced Technology Institute (ATI),
University of Surrey, Guildford, Surrey GU2 7XH, United Kingdom

Abstract : Silicon—perovskite tandem solar cells (TSCs) have attracted significant attention due to their high
power conversion efficiency (PCE) exceeding the Shockley—Queisser limit of single-junction Si devices.
Textured interfaces are effective for reducing optical losses and enhancing light harvesting; however, texture
size must be optimized for high performance and stability. Herein, Kelvin probe force microscopy (KPFM) was
used to investigate the impact of texture size on TSC performance. Devices with smaller textures (~500 nm)
achieved a PCE exceeding 32%, with an open-circuit voltage (VOC) of ~1.95 V and a fill factor (FF) above 0.8,
whereas larger textures (1-2 pm) resulted in lower PCE (~28%) due to reduced VOC (~1.82 V) and FF (~0.73).
KPFM analysis revealed that smaller textures exhibit lower surface work function and higher surface
photovoltage, indicating more efficient charge extraction and suppressed non-radiative recombination.
Additionally, degradation under thermal stress (85 °C, inert atmosphere) and controlled humidity (RH 65%, 20
°C) was examined, with KPFM providing insights into both optoelectronic changes and surface morphology
evolution. This study highlights the critical role of texture size in device performance and stability, offering
guidance toward the commercialization of Si-perovskite TSCs.

Key Words : Silicon—perovskite tandem solar cells, Kelvin probe force microscopy (KPFM), Texture size optimization,

Surface photovoltage, Device degradation
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Integrated Hydrometallurgical-Electrochemical Process for High-Purity
Ag and Cu Recovery from End-of-Life Photovoltaic Modules

Ziasp T RM|GH* HEEAL*
Suhwan Kim*" Seyeon Cho*, Jongsung Park*
AU n|HGFETT AT A & oAUR| A28 Ftut

Abstract : The transition to multi-busbar (MBB) photovoltaic modules utilizing silver-coated copper wires
complicates the selective recovery of high-purity metals from end-of-life (EoL) waste. To address this, we
developed an integrated hydrometallurgical—-electrochemical process for the selective, chemical-saving recovery
of Ag and Cu. The method involves nitric acid leaching followed by selective Ag electrowinning using an inert
stainless-steel anode, achieving >99% recovery without Cu contamination. Subsequently, the electrolyte is
converted to a sulfate system for Cu electrowinning using a dimensionally stable anode. Optimization at 2 V
yielded >86% Cu recovery with a specific energy consumption of 4.42 kWh/kg. Comparative technoeconomic
and life-cycle assessments demonstrate that this sequential strategy increases profitability by 4.7% (USD
707.37/ton) and reduces global warming potential by 26.4% (397.4 kg CO,eq/ton) compared to conventional
methods. The elimination of hazardous reductants like hydrazine and optimized energy demand highlight the
process's sustainability. This work presents a closed-loop, economically viable solution for PV waste recycling.

Key Words : €} %F33 228 (Photovoltaic recycling), Heterojunction (HJT) solar cells, <=2} U3} 2} 3] 37 (Sequential
electrowinning), & 2! G12] 3]<4>(Silver and copper recovery)
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Mapping the Proton Energy-Fluence Landscape for Perovskite Based
Solar Cells
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Abstract : Perovskite solar cells (PSCs) are emerging as pivotal next-generation photovoltaics for the New
Space era, attributed to their exceptional specific power and intrinsic radiation tolerance. However, the lack of
standardized guideline for space radiation testing has led to profound inconsistencies, hindering reliable cross-
study comparisons. This review systematically categorizes existing literature to clarify the physical significance
of irradiation parameters, focusing on the distinct roles of Total Ionizing Dose (TID) and Displacement Damage
Dose (DDD). The intrinsic radiation tolerance at material level of PSCs does not translate directly into device
stability. In other words, performance degradation under proton irradiation is governed not only by material
failure but also by the vulnerability of the device structure. Based on energy-fluence reliability maps, we propose
a standardized testing framework: a two-way approach for fundamental material physics and for practical
mission-life prediction. Furthermore, we demonstrate that this two-way energy framework is directly extensible
to perovskite-based tandem solar cells, where energy-selective Bragg peak positioning enables targeted damage
analysis at the individual sub-cell level. This framework aims to provide a rigorous baseline for qualifying both
single-junction and tandem PSCs in complex space radiation environments.

Key Words : Perovskite Solar Cells, Proton irradiation, Radiation resistance, Space photovoltaics, Perovskite based tandem
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Development of a Pixel-Wise Multi-Class Defect Segmentation Model
for Photovoltaic Modules Based on EL Images
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Key Words : EL %4} (EL Image), ] %3 X& (Photovoltaic Module), 23+ £ (Defect Segmentation), Th a2
A 2] 0] A (Multi-Class Segmentation), 213 X]'5 =2 (Artificial Intelligence Model)
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Analysis of Failure modes in Floating Photovoltaic Systems for
Improving Operational Reliability

O|X|2*T =HA* O|AME* U= A*

Jieun Lee*, Hyunsik Jo*, Sung Hyun Lee* Donggeon Yang™
A A AL

Abstract : 5=A}E| 933 (Floating Photovoltaic, FPV) A| A EE 7] & S-AF g oF34 A H| o] H]3]| v 2] |0
=Y 7]E§ A AAA R derast D Ao | A Shfjof] Fa3gt < st Ao\
o] Shslol whek e g Al el by el 2k Al wele] 2ol A F/ke gl -
S AT A9 0, A4 F2E, oo 5 01 5K sl e

PR F AR LS YT lov], ol FAGLE SR A920 2 el ol 94 3
T Wt o] H e 2 A 271-& A= F-2H(biofouling), 2] (corrosion), Thedol| o7t 7] A1 A whit,
%] (moisture ingress) 34 e G371 W AYUSES IS 5= qlon, ol A ARI9 A5 A5ket
VA0 A2 o] L 18 - Slch w4 Sl B A, AR U e 2le] A4
2.5 of21f] 5 4114 S0l 74181 ool Al 221 A 0.5 el et 71 459)
Hao] gl =i QlZol e Etakal AA 9 A ES BAt 7ol Alghd o) 7] wieol i -3 2 o
& Aol tjgt A A A} o] alji= oFA "‘—ELP | 92 Aolth. Wb =8 d3t AYESS sk
A, Aw A D FATE] ARS A3}l gt AAIA QL Atet @4 ol g F2o] st 2
ol A ATEI R A AR oA A 4 Al 8 1§82 A5k o] & ofE] g s
S AT OB AR A AR 4], b/ R A A el 7] ofshar} ghet

%xu

O

Key Words : 5=AEl| 9F33(Floating Photovoltaic), <% 32| (Operation&Management), 127} (Field Failure), 21 TH(Diagnosis)
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High-Resolution Performance and Sensitivity Analysis of Bifacial PV
by Tilt and Azimuth to Complement ECO2 Resolution Limitations

* *T oOx==:% ok * S AKK Sqkk*k
Ol&g*, da="', 83%" XA, o|FC), YetE™, 71

*

Junyoung Lee*, Dongsu Kim* ﬁ Jongho Yoon*, Jaewon Kim*, Ruda Lee*,

Hansol Lim**, Kihyung Yu***
el eta AEgsh), Frar gt A S u| Al ARl g skt
] = RS 715%?% AZo A A2

Abstract : 2% 9Fw ] B9k A 2510] At 9 2] o] BrefE|an lout, AR S AR S HI} 5L HET A
A gelis ol e WA/} ST, A e s el e e e A S Aol 5] el
AFZEh 91718 ofU ok 2| HhARE, B Wl WAL 0)F o] 50] 48 FFA 0 weslol B S-S T o
7¥ak 5= olek. weba) 27] 47 o)A B8 AHsa AAHR) A% 7128 uhels}y] $iak 1t a T ofof &
£ ARU A A H7HBECOD)S] T By A a8 4 7S RS Beksly] 918712 dlol 8 g Algshs
2 BEE T o] 5 919 95 715 2o A P PVO] Qizk Ak A2kt whglo] s maAlE 2 A ksl
Awl BARR T Y S R U R4S Sashdnh. 53] o] ejet £4% B, A AA7LECO2 Bt T
A Hkedat7] ojele thakel A% 2 ah v Aol mHe WAk EIHE 1A 07 1ot 5 gl Aol Ak 7128 A
AJ5FL . pviibT} 2009-20231 PEAFR 715 T3 71AR1E Hlo]Ef ] TMYxE B-85t0] 25t 167] T2 1241 2] 17k ol
X AAIES A Beo] Ml o], AALZE 0-90°0} W 917} 0°-360°F 5° 717 0% WBkA| 7|51 Qhull = 029} 0.8 271 bl
Shoich ekt v Al B Sl o]2) o] 03 mek AWl Slh /) WA R LSt Ae 2
A}, QU= 0.20]4 0.8 F71A1 2 ) mE Aol A @17k kA zro] S7180m] B SV} 36833 kWhet Lhebitt.
24 A7) 272 oo whel Wsksto] QU= 0200414 24 A Azho] 30°0] F- Eael i okl 0.80] A= 257

*

[‘R HUl ox, ot

O o A KL, H 2 WO 2he W ko] WEE WA O 165°004] 170°-175° W92 2% o] Etgick. )2 P4
Zof A= 7% thed Aol A 0]2] Sro] F7bo| w2 Wl o] So] of | m o] $4E lmlshe o, AW =] F7Hs
9 P A AN A G S sl g 5810k 19, of 71 Tl
A kel Ao epde of 8 2t BCO2 M 1ol 58] Wegsly] ofel A bl 4
Shuled G4 MRS B 0w A stol, 65 71 0 A £ AE vl e ope Pve) 3] 271 Aol 28 Tt

i 71ES AEErk

Key Words : oFH& €933 (Bifacial photovoltaic), A X]ZH(Tilt angle), B9 ZH(Azimuth angle), X 3EH YEAE(Albedo), A AT &5
(Ground Coverage Ratio, GCR)
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Space Solar Cells Application with Perovskite Materials

27|81
Gi—Hwan Kim*'

ARk Al geh nEAFe

o

Abstract : Perovskite solar cells have emerged as promising candidates for next-generation space photovoltaics
owing to their tunable bandgap, high defect tolerance, and solution-processable fabrication compatible with
lightweight device architectures. In this work, additive engineering is employed as a central strategy to optimize
crystal growth, phase distribution, and interface energetics in perovskite thin films, resulting in improved charge
transport and significantly reduced non-radiative recombination losses. The additive-assisted materials
optimization yields high-efficiency perovskite solar cells with enhanced thermal and environmental stability
under conditions relevant to low-Earth-orbit (LEO) space environments. Systematic evaluation of device
performance under extreme thermal cycling and continuous illumination demonstrates that the additive-
engineered perovskite absorbers exhibit markedly improved tolerance to these harsh operational stresses
compared to reference devices. The results highlight the feasibility of perovskite solar cells as lightweight,
high-efficiency photovoltaic systems for LEO space applications, offering a compelling alternative to
conventional I1I-V-based space solar cells. This study provides important insights into the design principles for
radiation-tolerant and thermally stable perovskite photovoltaics, advancing their potential deployment in
CubeSat platforms and other space energy systems.

Key Words : El| 274 %|(Solar cells), $-5=-8(Space), ¥ 2 H A 7}0] E(Perovskite), <17 AJ(Stability), 1285 -8-(High effi-

ciency)
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All-perovskite Tandem Solar Cells

Gill Sang Han*"
*Photoenergy Research Center, Korea Research Institute of Chemical Technology (KRICT)

Abstract : All-perovskite tandem solar cells offer a highly promising strategy for overcoming the efficiency
limitations of conventional single-junction solar cells, enabling improvements in both power-conversion
efficiency (PCE) and weight-specific power. Owing to the exceptional bandgap tunability of halide perovskite
materials, it is possible to design an optimized tandem architecture consisting of a wide-bandgap (WBG, ~1.8
eV) top subcell and a narrow-bandgap (NBG, ~1.25 eV) bottom subcell. This combination allows more efficient
utilization of the solar spectrum and provides significant potential for next-generation high-performance photo-
voltaic devices. In this lecture, we will present our recent efforts to develop high-power all-perovskite tandem
solar cells, with particular emphasis on material design, device engineering, and performance enhancement
strategies. In addition, several recent and noteworthy results on all-perovskite tandem solar modules will be
briefly introduced to highlight their progress and future potential for practical applications.

Key Words : All-perovskite tandem solar cells, Bandgap tunability, Weight-specific power, Power conversion efficiency,

T Corresponding author, E-mail: gshan@krict.re.kr
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Analysis of Energy Independence Rate and Economic Feasibility
Based on Building Energy Scenarios

= A S4* S4* =* AAO
SAE* ARG, 2X|EF AT

Sunghyup Hong*, Jihyun Shin*, Jihoon Moon*, Suwon Song*'
A ed Y

Abstract : B9 A AEHE |
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Kol 3b7 oL 2] A o El, e ofg YA Bl R Egato] giA AES] oYX =8 Il ek
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Key Words : Q1-5-417"(ANN), ]| k33 2Hd = (Photovoltaic generation), o] X| X} -E&(Energy independence rate), 73
A4 8 7H(Economic feasibility)
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Fluorine-Free Transparent Backsheets for Low-Carbon Footprint
Photovoltaic Modules

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

Kyung—Soo Kim**, Young—Joo Eo*™*, Gi—Hwan Kang™*, Yonghwan Lee*'
AR AL A AR AFAE |, FEgk U 2] 7| AT At

Abstract : Fluorine-free transparent photovoltaic backsheets were fabricated by dip-coating polyethylene
terephthalate (PET) films with perhydropolysilazane (PHPS), which was subsequently transformed into a
SiOxNy-based inorganic coating layer on the PET surface. Fourier-transform infrared (FT-IR) spectroscopy
verified the formation of Si—O, Si—N, and Si—~OH bonds, demonstrating the effective conversion of the PHPS
precursor into a stable SiOxNy network. UV—-Vis spectroscopy showed that the coated films preserved high
optical transmittance (>88%), confirming their optical suitability for transparent photovoltaic backsheet
applications. Water vapor transmission rate (WVTR) analysis revealed a significant decrease in moisture
permeability (<2 g/m*-day) compared with bare PET films, while adhesion evaluations indicated strong
interfacial bonding between the SiOxNy-coated PET film and the encapsulant. Moreover, even after accelerated
aging under pressure cooker test (PCT) conditions and UV exposure, the films maintained high transparency
and excellent moisture barrier properties, demonstrating their durability and environmental reliability. Overall,
these findings suggest that SiOxNy-coated PET films provide a sustainable, transparent, and high-performance
alternative to conventional fluorine-based backsheets for low-carbon photovoltaic modules.

Key Words : g4 A 2f(low-carbon material), B} 9F33 &-E(photovoltaic module), H] & 27| (fluorine-free), £ A

E (transparent backsheet)
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Experimental Analysis of Power Loss caused by Slat-to-slat and
Frame Shading in Photovoltaic Blinds

7|XHO_|* OlEE_I.* O|7<0:|* 074* %!%A* OZEE*T
Jaewon Kim*, Ruda Lee*, Junyoung Lee*, Gyeong Yun®,

Dongsu Kim*, Jongho Yoon™*'
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Key Words : €| %F3% 52121 = (Photovoltaic blinds), =% % &F(Shading effect), A& 7|9l A% % 7HExperimental
performance evaluation), 214 A]5 #| S}(Power performance degradation)
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Performance Evaluation of Solar Thermal Heat Pump System for
Industrial Applications based on Demonstration Data

TA2H*H* QUHZR 07125, BpRfCy*

Si—Eun Kwon™** Byung—Ju Lim**, Ga—Ram Lee**, Chang—Dae Park***'
k7| At i st (UST) S 71AIA A gl sk}, *#3h=7] A AL (KIMM)

Abstmt : £15) 3-29) S0k 919) SlEH S o4 7w AtelL gloot, el A4

Y Hof AL A 2] 50% o 42 S| EB LR ASH B AIA |3 gk o] o] efFAR S| EHT
: og%g T WP SIEUT A 2T0] 22 © AFY HobE FAH O R 2] AT 9ot
S} ARIF YOl 28 Aol the AF 714 A% BAE obs S5 o] ol x|« ¢he Algpolck. ut
eh B oAl 191 o BEg B0 R A7 0 2o F2 clobel S| A 20e) 4% ¢
Aol BT L ADER v)w BASe) o} Fol AW ool A 7]ol& 5 Fa A
A8 Bristol, G5 efoFd SIEHL A2 A§8 U 1T B I A FHE AN A

st}

Key Words : E]F & ol X](Solar thermal energy), A+ 3-" (Industrial process), & 33 (Thermal energy supply), 3] E
H 3 (Heat pump), A% <151 (Field Demonstration)
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Analysis of a Quantum-Inspired Exploration Framework for Discrete
Scheduling in Building Energy Operation with Thermal Energy
Storage

M7, UBTE SIRE, FEEF, USSR, oA

ByungKi Jeon*", JongKyu Kim*, JaeHyeok Heo*,
Hongdin Joo*, DeukWon Kim*, WangJe Lee*
Folato| Y R] 7] AT AAAYA 28] LAl

Abstract : 1= AU A A|LH O] B82 £9& s AlZtoll whet Walshes o, A9 84, SA%
SH 5= S Aol LS & A= ol Basith 53] 3| EH e} Qo | R A A LE o] Ak Al
2Hlo A= AIZHHE 2 AA o] o] % AH 2= Al 2 olat AAE T AT 2R
th. o 2fjt EAl= Alo] Mape] 23 71 F243] F7Ish] tlzoll 71 2l 71Nt 225} 7ol A
A 1Y B ALt Fgol Ty al

2AETE BAIE Ak,
At &Y & A 29 S| EFZ Y TES7 A% Al Adle o= Aled ol @& 48t
AL A E S| EREZ 24 AHIE olit Alo] W2 STk 71 T W <l Grid Search
Particle Swarm Optimization(PSO)} H| a5} a5 o] HA 543 At s 245kt 4 2
I, @ EAIA = B dargfEol AR 23 24 sfofl st o AL ek AIZE A &
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Key Words : Gof| ] A%} (Thermal Energy Storage), Z-EoH A] &% (Building Energy Operation), ©]AF AA|1 &5
(Discrete Scheduling), %A} 7+ 2] 2 8} (Quantum-Inspired Optimization)
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Experimental Performance Analysis of Phase Change Materials based
Thermal Energy System for Photovoltaic Thermal System

AlGIE*** - | QUE***  o|F{DI*** ZIS Q¥ Ko Zoig*T
Ye—Bin Shin***, Won—Jong Choi***, Heon—Min Lee®** Deuk—Won Kim*

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

Abstract : El| %838 (Photovoltaic thermal system, PVT) A]| A 8.8 A &o) Ax]5l0] #7|Q} & 57\1 of| Ay
A 4= Qi o] & FEFEat 22 A A8 = S99 AR g7t 7‘]5}140101/\1 gz

Qe dpzolt). ol upet 2 A= ol A 7] A+ 9] KePSH-2 &0l A 4] PVTol| =
Srelart A Aol R Af Agelo] el o e o A% AS 71 PCM(phase
change material) £ 7185 PCM 7|4} 2 %8 %7122 41750, WTESSe] 4%5.& w]m i}, A1%] PVT
2] AwolA] PVTe] Hedeko] AATIOR Wos HAlA AFEFo| S0LY SF A%} 2}
11.51L, 7.71LQ1 &= &39] PCM 7|Hl 2 X & A A|slo] d=ro] HEE =it 20253 49 18U
B 69 302717 374e] AA Ago] AYE G or, PVT mES 53] WA 2L 55929 PCM 7]
Hho] 2P %ot AT vHnsty] &Y UEE Zo3F P9 AR &9 AL F7ict 1 23 PCM
CASE 19] 3+ =9 U == 14.1 kWhm?, =8 %= 18.7kWh/m*2 TES ¥ %7} PCMo|| H|3f| T F
1 & 24.6% T] W IS AT 4 Q= Ao 2 BAEQITH PCM CASE 2+= PCM CASE | thH] =& :7;—
QUES A2 5 Yu=, Ui ol T4 L WSS SAFto] TSI 1 A, PCM CASE 29] &
WL 474 kWP R 525G % o] 153.4% 52 59 A% 7H s 202 BA s £ 49 %’SH,
POM £ 27} 4.8 201 g 8hus)7] 9Ja) A1 POM %) o] S48t ofuj e}, ofof 225}l )2t
AA Aado] B de 2l 4= A

Key Words : PCM(Phase change materials), PVT(photovoltaic Thermal system), WTES(Water based thermal energy

system)
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Comparison of Predictive Models for Electrical and Thermal Energy
Production Performance of Building-integrated Photovoltaic Thermal
System

OfFARI***  Mof|el*** FMH7|* ZAZT* MERH™, 2nig
Heon—Min Lee*™**, Ye—Bin Shin®**, ByungKi Jeon™, Jongkyu Kim*

Jae—Weon Jeong™, Min—Hwi Kim*',
olto| | 2| 7| A ARAA AR AA], gt et A Sgskat

Abstract : 2 1= TP A AELYT AAA AELAF e o4 <(BIPVT, Building-integrated photo-
volaie thermal) |~ & E0.2 A2 51 ol 41 A AR
2 9 A0S ST AL O HEARS] A/ AN 171691721 KeSH-19]A] 5 87
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Key Words : BIPVT(Building Integrated Photovoltaic Thermal), Predictive modeling, Physics-based model, Heat transfer

mechanism, Performance analysis

T Corresponding author, E-mail: mhkim001@kier.re kr
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HE S2Y oY AR 58 A4 23
med F82 olg ¥

Establishment of Systematic Procedures and Status of Major Issues
through the Enactment of Sub-laws of the Special Act on Offshore
Wind Power

2

ARz
Jin Ki Sung*'
A d A
Abstract 1 7= 20251334269 A = 0] 20261A3U26 Al E = T RS 9 S0 wet
S SHAH P A, A BF2)E 2026193924 AT sk R o AS Tl 71 ol
T FA A 724 A S S50 AR FR AR YAAE EAS F 3l AA A o)L A g
e YRS EFotaA Akt s AH A A, 72 AA 1 2, BT A
7 R ARIAF A, AAA 2 9] 591 S AR 874 B7E, SARAIR] Q17E SOl Rk Al A QL U8 AR}
S HOLTE SHHE Aol whef oA u] Al X2 AR FrEskel 4] Al digt AR el 7
3tef ARl 271 =ohd A vt 7ok ek A ApA =m0 nig @ of 3] 7 9 T N 8
73 SRo} AP A dehE Sl ol A4S, A1 nlele] 2] 24 Al s 4kl o] 4
A4 719k wpe] ik ook, XA, 24 B 8ds 71 gl whet 118 H ol 10474
35GWtIL o] 7] HAALIARE o B AR = AR 0= HAS Al o= 24 TRl A A
U 7]5o] ok AR =of7h WAt Aot 7= 2026d3U26 7 E W2 ZA 2R 9
P8l sl e B ARl e) A, o u A S EA| dh 21 B AR 71 e

$4: 230 A5k 712 AR B, A A4, B4 Boh ol el F TR TAR

Aw ke Zujeki 9o, ofo] that s dEe ArlA|e] Tl o) elo] Wagh Aol

Key Words : 3|42 &8 H(Special act on offshore wind power), 53 319 = (Sub-laws of the special act on
offshore wind power), ¢ X3z (Excavation of a location), o8] Z|=(Reserve district), 7]+ #|(Basic
design), BF4 Z]GL(Power generation district), 4 A] A &) (Implementation plan), 7]& AFGAF #H ¢ (Incor-

poration of existing business operators)

" Corresponding author, E-mail: windpower@kweia.or.kr
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WEC-0O-1

B2AE 7 ALY 9 $A2d 429 95 W 34
A8y %7}

Observation-Based Evaluation of the Reproducibility of Offshore
Wind Speed in Reanalysis and Numerical Model Datasets

QE*, olRIT, UG, UM
Donggun Oh*, Minkyu Lee*, Jin—Young Kim*", Chang Ki Kim*
*ghtof| | x] 7] A Al A El o] B A A

Abstract : Accurate representation of offshore wind characteristics is essential for reliable offshore wind
resource assessment. This study evaluates the reproducibility of offshore wind speed in reanalysis and numerical
model datasets by comparison with observations from the Sinan-Gageocho Ocean Research Station and the
Ongjin-Socheongcho Ocean Research Station around the Korean seas. The analyzed datasets include ERAS
reanalysis data, the dynamically downscaled wind dataset produced by the Korea Institute of Energy Research
(KIER) using the WRF model, and the reconstructed wind field generated by the Korea Meteorological
Administration (KMA) using numerical model data and observation-based data assimilation. The analysis was
conducted for the period from September to December 2024, during which all datasets were available.

The evaluation was performed using statistical indicators including mean wind speed, the wind power density
proxy E[U?], probability density functions, Wasserstein distance, and upper quantile statistics. The results show
that the KIER dataset reproduced offshore wind speed more consistently than the KMA and ERAS datasets in
most comparisons. In particular, the KIER dataset showed better agreement with observations in terms of mean
wind speed, wind speed distribution, and high-wind quantiles, whereas ERAS tended to underestimate
high-wind conditions. These results highlight the importance of observation-based evaluation and suggest that
dynamically downscaled high-resolution wind datasets can provide more reliable information for offshore wind
resource assessment in offshore regions.

Key Words : £32] 29 3 7H(Wind Resource Assessment), 3[|4} 2 (Offshore Wind Power), U} X| &= (Wind Map), <=
]

] 714k o 2. X & (Numerical Weather Prediction Model), <5 53 (Wind Speed Distribution), < 2| &
AJ(Wind Speed Reproducibility)

T Corresponding author, E-mail: jinyoung kim@kier.re.kr
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Development of a Lattice Boltzmann-Based CFD Method for Wind
Resource Assessment in Complex-Terrain Wind Farms

2e* AR WE Aot Lg
Yong—Yook Kim*", Hyungyu Kim* Chong Peng**, Nikhil Soman**

*NE7|ed Y 2R AH " A AME, *¥Engineering Software Steyr

54127 0 &2 JfA8t7] flate] @ AE ol ESSA
k9= 7] CFD 314 &
of| Ak 5 AlgtE 7t gH7g o
7
Z_'

Abstract : 2 A= FAaFA7IHY 7Y HHS
of P =2 AUDIS} 1 2] 77} 719ho] /e el
A A 2o Folstel ujo] £ ofe] 5572l 2l
HIE AR AT1E 2 ) S0P AT & it Zel 9IS B A LA ol AT RA,
AHIA| & S-S T A of| A 9] 7 = (turbulence intensity, TH?F $-+ A5 2H-8-2 slj4517] ¢l5to] 4
A} B2t 719 (Lattice Boltzmann Method, LBM) 7|4te] CFD I3 E 723}t 7|2 Navier-
Stokes 379 4] 7]4E CFD 7|92 24403 2 o) 72 FA0] shAlol Al -2 AN g2} A2} A 2] of
5o 9o, LBM2 GPU 714 7|4te] =2 ¥ 8843 A4t £ =5 vtgt o &2 v vjg4 &
% 8 410]) 2]} tko] B 4= Slck. 2 SO A= D3Q10 A7 79} Smagorinsky o144} B L 4§
T LBM 314718 o] §:3f0] B31A FATEA o] 547 FRAEES o Zoion], 2] Eeri)
A% W 20& WG s A2 A5kt s A Ak, o f7-F vhe| o e dE 54 T A
© 2 Qs aL, A BE A oA e At E B3 B3 ARE o2 A A F YA E
oh. ®3F A8 CFD A2 E 9] 0] Q] WindSimat9] v w5 &3l 7HE LBM 8l 4] 7] 8] 2§ 715/ 1}
S gl ath Yot 2 TI 8| 4] X2 COA-CFD S2H¢-& E3&o T3= o] AA ], A4L &
O] Ab-53HE AU o= M FEThA] v 2| A 5ket ¢ mUEHS It A 84 ZRte 2 &
T e 7He S ol

Key Words : =324 (Wind energy), 4% 7%= (Turbulence intensity), 3432} (Offshore wind energy), A} &=1}
7] (Lattice-Boltzmann Method), I} €] = 7] ¥ (Particle method)

" Corresponding author, E-mail: yongy kim350@iae.re.kr

= 7
AT 2025 & AR EARF AR O] A 0 7 ghatAle] 7] % 7 S A(KIAT) AHd 7] &= Al F 2 Akg) o] A] 1S Rto}
3 A A d ok (A S : P0026321)
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WindSim 7|5t £4213 F@A] AEP o So)A
ARAL7Y 9F HE

Assessment of Surface Roughness Length Effects on AEP Prediction
for Wind Farm in Complex Terrain

=y—x T o *
ysm', 48

Hyungyu Kim*", Yongyook Kim*
57l ATY IHAAHGEANE

Abstract : £ ¢31= LBM(Lattice Boltzmann Method) 7|2} CFD $1] o] E2Mx) g ZE 1 34 dx} 3
S= At AL doly S FH o= ek Al dlolE A oll= A8 SR s A

282 7129 ¢] WindSimo| 85| ¢) © i, %] 517 & 7| (Surface Roughness) 1] 28 & 7 o) A] 8} 4] & =393}

t}. 34 A3te] A2 A Brhe A8 B w2 2y 99 291 Z2uhA] 9] SCADA A% dhd ek g o]
Eloto] vl S Faf R E Utk A A M7 w] A& 27104 9] AEP o] & g gelstglon, o5

&

5ol aiig Axke] LBM 7|8t CFD &H 458 #lH d & vloje = A o] &8 7he A= HESH

Key Words : =22} 3|4(Wind Resource Assessment), A3 7 & 7|(Surface Roughness), £%F%] & (Complex
Terrain), 91 7F2H4 ¥ (Annual Energy Production), X} &-=1} 7] ¥ (Lattice Boltzmann Method)

" Corresponding author, E-mail: khg@jae.re.kr

= 7
2 A= AT F AR} SA A7 & A & o “F AT 571 AR (P0026321_Z2he-E 71RECFD 3-8 &
HE G oA A]-AE A FoF A B2 71EH(2023))72) A HS ot 3 AHA ) (A : P0026321).
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WEC-0-4

o] AFRAE T FHAADA ZuHFA
ANF2E AAE 74 HE

Feasibility of Support Structure Reuse in Wind Farm Repowering
Based on International Cases

[=F=t3 ==pkk T * * *
LRL*, UBZSP, ol Ar, WAl ¥8Y

Moonok Kim*, Jonghwa Kim**", Kyusuk Lee* Beomsik Kim* Yongil Jung*
H(F)ag AR Yol epoldlln] ZeAtA, *HF NG TEdAd THA L/ e A

Abstract : 7 A A 0 2 S-S HAATEA] 9 e opr) 23] met Aol mgtt S EEY
2luk S B siA] 8. 7F S 7FskaL k. o] I oA 7E S E RIS Bref el 7| 28 29t

O ARG o= AFAA, Al B &80l AR A Q) G vIAl= A 840t & Aol A= b
o] SR o] 2ubl ) B AR F2E PRS- A S ZASEAL o] & v e R A A 2E A
o] 7Fs o 84S AESHTh

ZA AT, T 2T o A A5 Z2AE|A 7] BhYl B 7|2 E AARERE A7 #He)
Hom, vl A=A JAEEE 7Hko R 7| & AR F2Es EE3 Fi 2luplg o] 28] A8
3L Qe AL YEhHTh ol AAF2E Aol E A ol HFEA] oFal AR Aol A8
7he Rt e HojEnh ot A2 A2 e e, v &2k, 2y, B d
84 % AA HEE AAR FetEofof gt 53] AT Rt ok S7FE0] AlghA Rl 4
- AR T AR Al A H A die) Bl A 371 9@ w7 E A SRl et o
Qo] & &= itk upehA S EA] fubf oM A A F-2E A2 2 T2 2840 w2 4
2 Zdefolv], 5 ) 2lube] R 33 Al Fojuldt Higte 2 B8-d = Qe o' dekdrh

Key Words : =24 THR] 2|3+9] = (Wind farm repowering), X A| -5 A A-E-(Support structure reuse), -5 2]}
27 (Partial repowering), 7-2 774 H 7}(Structural integrity assessment)

" Corresponding author, E-mail: jhkim@iae.re.kr
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REC-I-1

ggA50] MY A FAY PV AAHY AX 27
e Wl 4% 24

Power Generation Performance Analysis of West Oriented Bifacial
PV Systems on Gable Roofs under Different Installation

Ustey®, R, PTISP, Pmep!

* *xkck T

Hayoung Kim*, Junwon Jang®, 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 : 1 Al A2 .2 2050 BT 3 DS ol B 2 Ego] FE AL )lv. e
B g T A AE S AARET} 7] 5 TheFR ot 2 29 9 ot 28 HisAdo] A, 23
H]Zo] S7HEE Y AF Aol 9= o 53] I Ul Bl A Al A" 2 BRF S HeE
Al -2 ATz AR H o] Aol A2 Altdol AFE = A &ol YeRd . ofof ket b A
o] ASe Aot ¢ e § AF PV AL of Bk Aol Skl glon, 2T e AleolXe
A SEE Al RS L A S e T AT AR A7 SRk ot ey 7
A7 F=2 BAG A E FHE PV AILEH S THOE Y E o] gFon, dyAE 2o A o '
A des 24T date 5T AA oIk B3 FHE PV EELS - oA YA YA S R
289 = 9lo] A Aol wheh A sl 24 gk 4= ik

oo & Aol M= &9 HHS T3l W Aol AAE M FHE PV AR AR 2o mbE
545 24K Ao GHl=, BE T oA A, BEAleH o4 A E W dAska A
SR AAF DA g SA4E SAs] s HekE Bl E48 . 24 23 A gHl =
of Bg—Alew o] A7 2|7t FHE P

A& s ol 583 P MR = KR Yo,
o]
AN
Key Words : 5 A3} gl oF34 ¥ A| 2~Bl(Ease-West oriented PV system), 2%FH & gl 233 2 5 (Bifacial PV module), 2}
- Z|&-(Gable roof), BH4 AJ-5(Power generation performance), 2] 413 (Outdoor experiment)

T Corresponding author, E-mail: jtkim@kongju.ac.kr

£ QAT AR AR (MOTIE)S} 3H5F0 U 1 7] 45 7H1 2] 2] 912 o} a3k 915 214] 24U th. (No. RS-2023-
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REC-O-1

S 947 | AZA R nE 3] ¥4 As
Bt

Air-cooling Performance of an Indirect Evaporative Cooler with an
Obstacle

MSAY, o1718Y, HTEr

Hyeonseok Jeong*, Geonyong An*, Kwanghwan Choi**
Kwangam Moon***, Hwiung Choi*** "

ATy Yeragsty i, *FRAstn YeaRasty, gttt ¥ 2getat
Abstract : U oL 2] F- F 45% o]/l
A dztol A sttt wheha], A Wik AlAE sfEke] dgto 2 Fo) FHhS o] &
I HAE A7F Y= 2 Qi o] F Sz Al A" O] Y H = Eo) ko] dojuhE 54|

B HE0HA gL ZFE'_P o|FojR= A4 IR FAHTY. o] o] F Al 2 E Tl T =
HHS Abolof] £ Hw3hS oA YAEHBR, 37] F Ao 7t S71eHA] etk AES 7
o} 3RA| 9t =9 Z‘t‘e*ol SAA oA At E R, 2 Akt SAY Aol Brh= A7 2%
o whaba] 2 Ao A= AR oA o] W2t s S flsl W47 di ol ARkA| AR of ke A

O

Y dgdu]of ARG, ol upz W
&ls

»mZi»

P AES AP Bl BIASIEIL, T A0 AYAS LA A9 FAnR A FAo] o F A=
A8 el G5irh B Aol Dol A 27 S B2 5 P A e Tl oh)
2 CRFaE A1) ok AIAE 913t 712 dlo] B 2 AL E 4 912 R0 R ek,

Key Words : 7H <717 (Indirect evaporative cooler), #]%}-#|(obstacle), WHFA] A Bl (Cooling system), ZAA412d
(Dry channel), <5212} 'g (Wet channel)

T Corresponding author, E-mail: choithu@jnu.ac.kr
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99 0 G 240 TE 27 FuY PV A2RY
al

Comparative Analysis of Power Generation Performance of Vertical
Bifacial PV Systems with Different Orientation and Albedo
Conditions

Xt

oJ* [SIEZS =l * =[kkk *kokok T
SR, LRI, Aster, YRS, U

Junwon Jang*, Jiwon Kim**, Hayoung Kim*, Jinhee Kim*™** Juntae Kim****'

YRS oLl A LW T, HHF)ASAATL ALAA o],
w Y PSR TR A7) £,
o S PRSI TR ATEE A% B0 o U A A SR sk ek e)

Abstract : 7| S35} oS-t BHAFE GAS 913 A A 2 of whef, A H=2023 39 RS2
A7 A = B (NDC, Natlonally Determined Contribution)E £-3f 2018 t¥] 2030 A& HF & 247}
A iSRS 9F 33% 55k S B3 E A B g T2 EeaskE Qg thE A Q1 Ay el
A 7l€§ =l *ﬂﬁl;‘q © 2 MAA] g5Fo] WhEA| F7FskaL QU TLefu; AubA ] e A Al A
2 S SHiskelr] S8l FaF Ax| 7 =2 A-EGEw, o] 2 Qs ' gko] AL At ol HY5E =
EAZHEAY 4 Sl oleltt U 12 U3 Wl A el HRds AT YR AotE U
2= o) o WFA A|7bf %HLW ofo B = Hatoiuﬂxlggﬁoqu{ A|2Eo] ZEuky 9]
ok E3h = A3Fo g A E ok WA A A" 9] A 3RS ]3| oFH E PV(Photovoltaic) /\]éE‘ﬂ,
o H]| &= (Albedo, A|HRFARS), W17, AX| 0] 5 QA EFE 9] g3fof thgt A+L7F XY=L Q.
Teuf ezt g o] Y PV AIARIS M Aol 9 vIAE T8 AR L gt
9, 7]& Aol A= o2 figso] W 5ol mA = %‘"Z Al :.JJr AEFoldE Fall THHLRE
A% A7F RETE Aol wheba] & Ao = A A" 50 AF-E Faf 19
ol ek 7\7401] o2 v EAS BAE L, AE 7:11,]_ og PVsyst Al EY|o] A Etﬂ S =

tof Glgh e ol Steltt. ol F A1 el A a0l AukE vl ool 2 Feid PV A

—ro&m
<

Key Words : 5=2] oFH3 PV A| 28l (Vertical bifacial PV system), %-$]ZH(Azimuth), 3£ HYHARE-(Albedo), A& 0] A
(Simulation), B4 A ‘5-(Power generation performance)

" Corresponding author, E-mail: jtkim@kongju.ac.kr
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AL A% 27 SN B 24 doloks: 4AS
9 A3 % A5 B 47
Reinforcement Learning-Based Intelligent Planner for Adaptive

Process Layout Design under High-Dimensional Constraints

Ze2* A
Byung Kook Kim*, Jung—Hun Noh**'
“DE71EATY AYDX AE, 571 $ATY 7 AT LA

Abstract : A1} A10]9] B4t} Z7haol wheh 1 BT 29 AL B Sdt 5
°d“ﬂﬂEATﬁélﬂ$ﬂﬂ%q @%h“ﬂﬂﬂgﬂﬁﬁ%% oA F5het =24 A
OF ZAY AAR TS v 2] A A et o

o) 74 AL YA ok 2 A A
06k 5% (A T ol A9 (51 Sueiste) AE RS 4 i1

A WA A A2 PolS Hasksh Yo s +dstgon, et 27] 241 o
O Sol M AT HZoE - Bt £ AT Al B T FHS /A
of glojobs: HA A5 D OAFAR AU EFEAC] B THe AL A

Key Words : 7}-3}8F<5(Reinforcement learning), 3| o]0} %] 4 SH(Layout optimization), T] |8 E-(Digital twin), Tk
% o o] A E A| 2 Bll(Multi-agent systems), A& “d A (Autonomous design)

" Corresponding author, E-mail: junghunnoh@jiae.re.kr
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PVT Sound Barrier System for Renewable Energy Deployment

Zro &k T
oOL—-=
Eunchul Kang*'
oo 2] 7| ALY, o YA EL TR

Abstract : 3-0] eh55 A2 gatol Aol U 4] 85 el 7ol whel, 7)& Qlmets Hee un
& olu %] AL 712:0) o] Z7151a ek, ) w2 W M ulo] YIS AN weule
27k 2] S0 glo] AAYelUIA] AuE 918 4 Gl $T BABO R FEuT glck. B A4
L e ofaal BjoFe S 5410 2-8-3He PVT(Photovoltaic & Thermal) 7]t W8] 7] & thao 2, 448
U] B SThE 1T PVT 38 Al 2w 7148 A ST

PVT W82 72 W8 7158 9 A5he A Aot 9.8 FA]o] Ak 4= Glof, T] walg o vl A
At St 4 gl AL M EF PV BE ] £ A2 Fal B e PAAI7| Y,
B Azebe] oA A s} 9 L] Akl w 7| olek 4 Qe S e AL A4 el Al A

[e)

o d
o
1o
4]
!
fu

[}

2 W % @A) 487} ZAIH, 0] S 7]vEo 2 PVT H-& 2 0] 27 AA-E oF 1,000 km
248,

B Ao A A W 571 B4, 714 4% Qe A Alel e £2S E6 PVT 3 e) AR5}
N5 AAA R AEsladt B BEr)w, B AE /1%, AR 1 7 Ee mele
7luro = A% Ul 8k ke Alokal ). k& @ 714 FA0IA A% A ool [T Aehe Ea, A
A LS oI A L] 716K AT Fol 821 EEBHT o2 sjAe}7] §I3t T4 R&D HFE A4
alich.

ARAOR PVTHEH 7142 712 T 7150 g T s Qlteks A3 4 gl
W4 SEHO A, FU YAl U ) Bheh L FE el B Ame} A A B0 AT 4TS T A

2 7"t

Key Words : €533 (PVT; Photovoltaic & thermal), B2 (Sound barrier), A A of| ] X| (Renewable energy), = <1
3L 2}(Public infrastructure), F-AF o] 4 X (Distributed energy)

" Corresponding author, E-mail: kec8008@kier.re.kr
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7] Y 9 94
PVTe 371 A4

Performance Analysis of Air-based PVT System with Dual Air
Channels and Heat Transfer Enhancement Devices Under Various Air
Channel Height

o3 g 4 ANS 38 374
LY
hy 3

OrAE* RFIM* Zmpopks  x|5| %1

Geonyong An*, Hyeonseok Jeong*, Kwangam Moon™, Hwiung Choi**'

* U] 8l ol—jﬂ_ W= 236k} I:Hol—o_] FERAU Sl W= 236k}

Abstract : €] o83 Photovoltalc Thermal, PVT) A| 281 L 7] & PV A AHlo|| A HAYSH= 28 ujjg &
2 A3 d B SAE 3tstr] A8l F71v 2 E2 fAIE ol 85te] Aoy A& 34t
el 494 A AASIoleh S A1 VT AL A AR e A mole] 18
AAel] 15l QA WA S7HE Slek T AR, GBS 221817 95 AR A4, B H2 W7
5 Tee 4t B4 97t Fasof ivk Tk 9B 24 5 Aol $reeha g, ol 371 4
9 PVT Aol 4 Qe 4 A7 A8 ATl thet At obd REslet. neba] ARt of

A QAolA o)% 7] LI AH Tk A7 AL PVT A28l g S Faelelon, of
% @14 4 50] 0 Wl B7] A o] wlol T2 4% wslo] et = uu|g AHo|ch. vfe}
A2 AFOAE A4 AR LA PVT ALY )02 4] B 513 37] A ol
HE AATIS O A S BN & RN EEE A dolE 3714 VT AL 3]
A A 9 A HHskS Slat 7] E AR BHEE 4 o], B el Alad A7) 9 7o) $-8)
A g8d A2 7| Hr

Ol

Key Words : Elj2F33/9 A] 28l (Photovoltaic/Thermal system), 3-7] '@ +©](Air channel height), o4 x| & -&-(energy
efficiency), W} 7| ¥ 4> &1 3(Parametric study), o] ] A| A7} (energy savings)

T Corresponding author, E-mail: choihu@jnu.ac.kr
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ZA%5AE 7)% A8 PV 28§ B4 274 PVT
499 4 9 A45 97}

= 71 00 O

Performance Evaluation of an Air-Type PVT Collector with a
Colored PV Module under Outdoor Standard Test Conditions

ZAE* 0% ZIXIS[* ZIZErer
Sangmyung Kim*, Minwook Kim, Jinhee Kim*, Juntae Kim***'
*FEFFdEE IHNYA T EA A, FHrg g F3F UL o A A A
iy st IYANEASE I of XA A g st ak(Tshe)

Abstract 1 A| 20U A A 5-=(ZEB) 2573} 42 o] 714 strfjof] w2} A& FZofl A o] AR A oL #] A
& T840l A STk ok 53] A= Jujof A% AEH= AELATE HSFBIPV, Building
Integrated Photovoltaic) A| A28 AE-9] o 2] AHE FAIT Ao AA 7|5 43S = or,
mEJ”ﬂ*”ﬂﬂ&&ﬂquﬂﬂﬂmq:EM7VPVE§£wﬂQﬁ%4ﬂ4°§°ﬂ
o] Al A3 EAE %A 0.2 A7 Ho] ghow, ol S sdsly] $1e theko i thakek AARE
??ﬂ@# Ue AY PV 250] Ago] Ha} SrfjE L ‘21‘3} ek A2 PV 2E2 A S8 apgof| A 3
£9hg gha 5o) GO WA A% Ak AT 7Rs Aol lof olel et A Hrh e e
31, PVT(Photovoltaic/Thermal) A| A 8]-& PV R E oA HAYSH= I-& 3|4510] GovA =2 &83to =z
H, 71& BIPV A28 o A UEtU= & AFofl WhE A7) A& Aot A4S ¢t o ol E3 34
2 QoA 7 E0] AUO BT B 31l o Ui o] § R FHAL 5 Yl 7R Fuwy
Utk wepA] 28 PV 252 PVT A2l of] 288 79, BIPV A 271 0) thd & Hobgha} 5A| of] 4 n]4d
Aol 7hs3t tiete &2 7| e .
ofof] & Aol A= ZLo] A S| A7 PV RE0| 4]
ARE B3l @ W A7) A% BostA sk B2
e Ao, B3t T A A E 7]E VAP
BE A go] 2 A 54 WolE PR BA

8 d PVT AU E S A Ao, 53 s
5 A RS FA) RSO 9806 5) & 83ko] 4
VT A o] A% Autele] g Sa) A PV
}%} gt

Olr

Key Words : Z2] PV 2 -E(Colored PV module), =7]4] PVT Z 3 € (Air-type PVT collector), Z 2] PVT Z ¥
(Colored PVT collector), 3545 A] &l (Standard performance test)

" Corresponding author, E-mail: jtkim@kongju.ac.kr
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214 gt Q7 SEdzY Aoy BA

Annual Energy Analysis on the Heat Pump Coupled with Air-type
Photovoltaic/Thermal System

LK, HOIAM OIS F|ZEr 3/318*

Kwangam Moon***, Hyeonseok Jeong™*, Geonyong An**,
Kwanghwan Choi***, Hwiung Choi**'

% = = sk = = =10] kskk =
Adahn YRR B, AT YRR I ok, TR oot YRR

ol

ot}

Abstract 1 53 A|A| ol K[| A &0 o v A 7F AR Bk B2 oF 40% oM, o] T
ol e & of] T 722 AR 7F ARS-E AL ATk 7L S 2oFe] o U A] A= A S o= e A
2 A E L, obA] dite] T 9 5 o] A ARE o]8-5to] At AL qlo, s Fhel A <]
AR Zas} B AR N A B8 SA2 oA b QEE e FaT Y Aue| oGS et
T8 4R AGR: " S| EHEZE o2t A5 HY H H% olvAE T = e
F8 A LH T SR B2 A7 AR E AL Q. o] 2Rt At deko R & Ao A= 714 HY
B Al SIEH =] HH AHea 2ASHAI T TR B Rg Aol QAIEA &2 V1€ 714 S| EHEZ}
AU A A B ey vkl B AAlo] mE ollu A A s A’ -84 5=
B7rskAt

ofy
lo rL

=

Key Words : g9F33/4 A|2Hl(Photovoltaic/thermal system), 3] B3 3 (Heat pump), &% (hot water supply), oL *] £
%] (Energy analysis)

" Corresponding author, E-mail: choithu@jnu.ac.kr
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[ rero
AZ HFouA| e Al 28 dig 1%

A Study on Building Solar Energy and the Application of Al

QuEMT QEE ARt AT AU

Myeongchan Oh*', Changyeol Yun*, Boyoung Kim*,

Hyun—Goo Kim*, Chang Ki Kim*
#ehato Y x| 7] A+ Al A El o] E A

Abstract 1 71z o] BV A|E Egolal E-83talAf sk Ao AGH 22 g2 AEe] BHE 7t
AL gt 2o A A SaFHE D457 AsliAe 7Hsd FAE HH &-8-3foF i
A ZAIE L sHd olU A =832} 717k Stofl B2 AUAIE AT o= Slofof gttt ol 23]
oF | FAZFuIR 2R ol 55| AEollM AF A E Aitste A2 v A Aol
F Lol ol2et Zokoll AFAS(ADS B854} sh= ol 715 g2 AM2& A =g F+-5)
AL QMo 53] W AAks F 8 R sk I-A A4S ALE 88510 $-3J8taLAt ke ddtEol th A
AEAL QAT & ol M= ol d AE HFellv A2t AlE B8 Al 248 M2 BEdE
AAJBFALAL Bt 7] & AEa AR HIolE, ', 2] 5 ohefRt Sl SRR T 54 uhet
ot =A FE (A SA) 719ES] st A, LA 71 A, v 71RE A, shol Hel =
T o= AR et @A GBSk RiTk TR o] 2Rk Al (A tof Z|Rbo] B & K] 54 Yl o] & VRt
AL A2 Z-gA o) A= Eofsldtt. & A4S v o2 % ] = HFollvxe] A2
Aol =2 = 7€ 71 ek

Key Words : Ej o]l X](Solar energy), Efj %F33(Photovoltaic), 213X|5(Artificial intelligence), & AI=¥(Irradiance), = 4]
Z](Urban)

T Corresponding author, E-mail: amirl 17@kier.re.kr
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,g.:l. BIPV klx] u].Q. ]
H

And Economic Analysis of Building-Integrated Photovoltaics
Systems Based on Reference Office Building Models

Kyungsun Lee*", Junghyun Lee*, Jin—young Kim**, Jaeseok Lee***
*Zoltyeln A=y} ¥ ‘GPEfOi]l:]X]ﬂ%O#?_OJ ARl o] & o1 Al

g o)A A ol A EAE AT, **5 5ol 4 A9 A A A A A,
RS B A G S UEBUPFIAAE, Ferr g T o 271 AT AT

Abstract :

Building-integrated photovoltaics (BIPV) have attracted increasing attention as systems that integrate

electricity generation with building-envelope functions. However, a standardized framework for assessing their
cost and economic feasibility in office buildings remains underdeveloped. This study analyzes the installation
cost and long-term economic feasibility of fagade- and rooftop-type BIPV systems in reference mid-rise and
high-rise office building models using a cost-estimation program and PVsyst simulation. The results indicate
that, in both mid-rise and high-rise office buildings, the 25-year cumulative electricity cost-saving benefits of
both fagade- and rooftop-type BIPV systems exceed the additional costs over conventional stone finish. In

particular,

facade-type BIPV shows greater economic potential as a building-envelope component when the

replacement of conventional exterior materials is considered. These findings highlight that BIPV should be

evaluated

not simply as a power-generation system, but as a building-envelope component that replaces

conventional stone finish while generating electricity.

Key Words : A5 A & €| &F33(Building-integrated photovoltaic, BIPV), 3572 X 2l (Reference building model),

FLA] A (Office building), €134 4| (Exterior cladding substitution), 73 A] A 41 (Economic analysis)

" Corresponding author, E-mail: ksunlee@hongik.ac.kr
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Operation Performance Evaluation of Vehicle-Integrated Photovoltaic
Considering Vehicle Type, Driving Patterns, and Shadow Effects

ZIBIX[*, uHx|e* !
Minji Kim*, Jieun Baek*'
*FR R skl of U2 L3t

Abstract : = ‘E?“’ﬂ’ﬂ% 24eF QA3 e oFg 2 (Vehicle-Integrated photovoltaics, VIPV) A] A8l o] 2}k

9. 20 R, 2 AmAS) TR BT 1eiste] 2o A8 ol 4 S Fa VIPVe] £.of EohE
Ao Mok, A elol 8 9151 A 713 8 ALeL5 5 A A0 L 4 & Hor
AVI ZH3 A el M AL SUSHE AR 1014 21 A i, 24 8 E-2RTE FED

Faohe ATt A7 A} e o7 LS 78 H 240 9 = 2t T K Alo] S 12 @Y

= 3 3FAT. Google street view o] XS %%0}04 T3y A2l Ao Rt AL Xi Bl
AF5131 3L, python®] PVIib @ Z 42 2ol Hefe] & Foff 78 5 e d WA =S o 561}, Simulink 2
ALE o] 5 &-g-5to] A7]2t Y 3} vl E 2 E%l% T T3 A wjE o] &Y He AR
olEl 5 A/ttt BlE M7k =8 5 el 2] ARSE T PV A RS SRk A e g aefsto] 2F
wielg] &9 A7E ALttt Al Alute] 2ol VIPVE 23 3& of l(km/kWh)7P /= AL v
2l 57F & S SI5(EFClyear)7t hadh= A3 & = ASIHE 53], dARSO] &2 ofFollA &
7} 7V = A vrebgTh VIPVZE 97 AlIZE —T—XP%% o B g ez Q1 vjE SOC7} FdE 5
AL, THAL FFS 1HYES of AA EHO‘= A AT S AT 5 °‘°*E} ?i:rL
£ sl bt ?525 &%l VIPV A 2"

A} A &80l 7 e e 7] *ﬂu‘r z*‘ ek

b, 4171 9 A A St

o 4= 9lgiet.

Key Words : €} %F33 7 7] XK(Solar electric vehicle), 2}5F L A& €l &F33 24 (Vehicle-integrated photovoltaics), Bl E] 2]
A& o] A (Battery Simulation), Z} A3 o]| ] X|(Renewable energy), §F 4% % (Carbon neutrality)

" Corresponding author, E-mail: jebaek@pknu.ac.kr
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AE|¢h 24T A 9S B8t AlF7 GAN 7|4 &)
78 48 42

Short-Term Cloud Motion Prediction using a Spatiotemporal
Generative Adversarial Network with GK2A Satellite Imagery

o

o

()AL dote], FHgtao A 7] & AT AlA A EH o E A

Abstract : B3 Wit 2 451 AAS U sl Sl QA ke £ el

T58 A5 HEE A 8s] ol S5ks 7]sol Aotk & dtoll A= APk 2A5(GK2A) $14
AAFS BFa3lo] 605 o] o] L= AT FE = ]éz‘s = A&7t A& A A7 (Spatiotemporal

GAN) 2§ HeHS A batc}. 712 4k o2 melof A sk 3 ef 52 Blurring)3t 7] GAN 1)
o] Azt TA(Checkerboard) o] = A S F23}7] 93, Al¢t @2 RRDB(Residual-in-Residual Dense
Block)E A-835}o] G159 njAf] A& AR &4 §lo] BESHAL CoreTVAM(Core Triple-View Attention
Module)S Fdf A533 ols HWEHE AR shgat=s dASHIY. £ 3D-CNN 7|49t
PatchGAN THE A2 £ Ql5}0] A|7HA] A4S O X|FHA 242 FA o] 22 o5}t AlF 2
T}, ARt Bl e A AFe7F A=A 7Y s X454 7] (Persistence) T H] 92| A FE3} 27
SALE 5 vheRh W AR 4k o3 A5 meth B Aol 4 Aok REE Fejd o n g
F|axsfeli A EelAor B A oS A4S AT E=N TS 1Y AR ¢S 7)< T
7o Aoz 7| E

Key Words : - of|Z(Cloud prediction), A 2]QF 2A% (GK2A), P 2#d (Deep learning), 2t % A Al A (GAN;

Generative Adversarial Network), & A5F of| 2 (Solar irradiance forecasting)

"Corresponding author, E-mail: yuncy@kier.re.kr
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ooj2E FAVE(Scale Height)of] wE & w]A|H 2] <}
HgEA 74 7He A HE 24

Analysis of Variations in Correlation Between Surface Particulate
Matter and Solar Radiation Attenuation According to Aerosol Scale
Height

|5c<> |*T 7|01?_* Enqxl.* |‘E"‘T'|__**

Chang Ki Kim*", Hyungoo Kim* Myeongchan Oh*, Yun Gon Lee**
oo U R 7] s Y Al glol gl Al FE st HE-S-Fetat

Abstract : B g o] A A4 22191 A wE PARES 7] 75 AA| 9 ool 2& F £
(Columnar Aerosol Optical Depth)o]| 9|3} F&Falelch. ey W A8 A= dlo]g &7t §-o|3k %]
3t 1| A H | (Particulate Matter) -5 =& ©]-8-5}0] YA T4 A& EASHATH 2 A= 7] =24
Zof wha} x| 3% PMIF AODZEE] A/ o] =13k 2fo| & Y& A= Hlo| B & 538l Y55taLA) gict. of
A Aol A 3¢ B=F POM-02 A7fojgit] 2] g (Columnar AOD)Q} CS-125 A]A 7:]](Surface
Extinction) H| o€ & 43t A1}, of|o]2F0| A3 - AAIS Uoll 238 = Trapped 43 2] 74 o
o] 2% {8 L% (Scale Height, Hy)7} W7 -2 =] w 2|32 PMa} JAbeE 4f) Abolofl =2 A 71 3
A=k v, SFAL A= A B (Elevated smoke/dust)Q} o] RF-§- tf) 7] (Free Atmosphere) S E3f ofjo] =
Zo| F-Y == At oA = A3 PM 529 A3t} FshA| 322 AOD7| &5 o] YAalFo] §4 3]
28k P Boloh o] g gt Al ol A= ol ol 2E R B L ETL AA| AFS Sk 'K 3 PM-YAFF 7He] 4
J'}’HO] 22 Z o 2RI E it I B R 2| 3F PM A= TS S-8-3F 7| 29] g oFg W - A HA] A
HAE Agst=d= TA7 U2 ¢ 5= ok 2 A= et YA oS 2 A s APE 18]
L{r A3 =7t obd AODe} a1 % A K O] Ajfo] LA U AlAlstH, 53] F< =% Yx19]

Ta=

2wk 7|4 204 o) el A S A4 SR} Sk,

oo

ﬂJI

Key Words : %] 3 1] A|™HX|(Surface Particulate Matter), B SFEA} Zr4fj(Solar Radiation Attenuation), A3 H%(
Correlation Variability), o] ©] 22 5% 11 %= (Aerosol Scale Height)

" Corresponding author, E-mail: ckkim@kier.re.kr
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RER-O-6

A% 7% 27 dolHE $4% P BF AT
i 24

Spatiotemporal Diffusion Analysis of Photovoltaic Adoption Using
Grid-Based Spatial Data

O xbod* = K * =
AL, I, YTY", Y

ChangYeol Yun* MyeongChan Oh*, JinYoung Kim*, ChangKi Kim*, Yongil Kim**"
oo Y X 7] Ad Al Al Hl ol g A, Aot e e

* *%k T
71%, 48

Abstract : E|<F W 9] AIBZ1E 2AIE o5 37] FaAE Z1e R BAE 27, 4 o] 8 A
oF 5 chopal Bjop £ o]0 FUA 02 Melsta, FAHA S 54 WA NPT Bat ek 2
QoA RFet F71 ElolEl S ZINEo 2 A )Y BT FAS A Tl v Fstol ejp 1w
o] F71E AL B3, ol F 7|NEO 2 AIZIPA W o5 WS AT A% TelE AN,

A7}, BA] o] vijAl 24 & TR RS Feeke] g AR Y] S A s BAA wiE s
A o2 ST I T3 S aE YA A o= kG sh] A8l A AR 2ke] A A
& B8] T3 A IH(peer effect)2} 3712 v B K (spillover effect) & A2 SF ATk IH2 3 e g
A2 EAE 7IREe = HAE o] o] 22Ql AiHES AA| Hg 74 (adoption trajectory) > 2 ¥ 2 4> 3]
=5 AAISAT A5 dalE|Ee BEA] o8 AloF B AA 21 Wt 52 Wk R thefRt AluE] 2 st
A S Hgo] 3 B2 EAS EETT o) o g 2 Hl g A o] d A a2 ofy e}

% AT 4= 9low, AA| g S 76 B g oS R ES AAR &2

9l EeR A 2, A 72 el A (AT 4 Ak B e 2

£ ATt

Key Words : o533 X (Photovoltaic Adoption), A]3-7F H-A] (Spatiotemporal Analysis), &7t &4} (Spatial
Diffusion), 2%} 711t 37} ¢ o] €] (Grid-Based Spatial Data), 5= & YH(Peer Effect)

" Corresponding author, E-mail: yik@snu.ac.kr
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S0 AR A ¥

Policy Directions for Korea’s Renewable Energy

ZIMS*T
O o™

Sung—hoon Kim**
qhatolul A 2e A A

Abstract : 2030 A Ao L %] 100GW EF .2 of 1] 2] T gk A&

o, F 5 AR F4 A ShATHS 15 Ao < 2 Al A1 S Helshs 5w
Aulshs g, Blor ol A7 2] A WAL 915k AU A N H(FE 263,17, A3 "26.9.18)5}

sH9l A2 AuS ol olw, osd ek BAHE SRt BWES A stel B Sy
3, A RS Bl S, A, 4 AT RS W S, S, S AR
wlol A oLl ALK 4 QIEE A A& )

ol A] A Ako] whE A0 2 o] o] A= Ul A BN S A5 38l A S Ao 2 202615

f

ol 2 ¢
oz L
i)
AN 2 K ole

92 20359714 F4FE 12GW, 34 E 25GWE 2 ST S-AS7] Al 7188 9l &
FHlol8 & 3l&3te 7 AIE FElestaL, AR diE AQAAE 55t Us7HE 2A A
T, RPSA| =2 A H (o] 3 H]& 571 A A2 Arl Az of#e)e MAdshe 287 A o4 <]
RPS A= 75 53 Bl-8= st AAA Bgo = AdSda A 35722 oA 2
e g

RE100 2 3-37]¢ RE100S 53l 3322 gbsti A e, RIZko A= 52 3] S7F5k= REL00 =8
£ 113 REGO &=9] 55 &8l RIZFF= A2 A o 2] 2/49He e

Key Words : 248 %], 203018 100GW ., SHEl 50, RPS 71|, RE100, B3, 59 &

"Corresponding author, E-mail: kimsh@energy.or.kr
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EP&CT-O-1

Al 7% @39 71ed 7MAPEAL(TVPP) =4S A%
A A o719A 9 dR Ao AF AL
ine

Design of Distributed Energy Resources Integration Architecture and
Large-Scale Control Demonstration Scenarios for the Introduction of
Al-based Korean Technical VPP (TVPP)

= * T * =, * = Ak *
R, ASHY, I, ZEAY, DR

*

Hyunseok Cho*', Jongkyu Kim*, Hyein Park*, Hongseok Kim*, Youngkyu Kim
*21 A E] 3|2 =(60Hertz)

Abstract : Aol 2| 7} 531 A A ] E3HA o] AX| AL QlTh. o] A= EAlo| | X A(DER)S T3] Y Ef 7] 5}
= A& g, A EE 5580 R s A d e R &gsfof & AlFelnh 2y FA) shioll E=E s A
(VPP)= &2 S dSstAY A Ao J&st= 4H4 B2 (CVPP) HEY Lo, AA A2 B2 Ak
& | Adh= e 3T A7 EA g o] EAIE sl 2st7] S8l & Atoll Al Als A 3tel A 719 4= =]
&2 7HPEAA(TVPP) 7hd& =Y 3o

TA A 2= AP AHIS0)e vi -G AHDS0), 12| i VPP7F AAIZT S & Hlo| g & FaRton Aojd 4= 9l= A2
2 B4l o[BI E AAGTE A ZFoll A F-H Y] ST s Ay &P AHTSO-DSO) 7F 5/ A /8 =& Al™
A 0 & 183} CoordiNet 22 & A E 9} = o] Redispatch 3.0 4 4], 1] =-2] IEEE 2030.5 $41 2 5 419 A% 232 B A5t
= A A FAIL}E 2 o] DA 24 Hgstaia) it oAl A E AAE, AA| gh=r] AEEA A o AL 7 de A
3171 $13l 500MW F5.9] thF BARA (e Fg, F2, ESS 5)& B8 Helst= 7|12 ERE(E-Max)at AT 4t A
o] AV = g =yt o] Aluta] 9] 42 R s} A7) o WA Sh= QAU Al &8 1) EAIE sk o]
th. 53], 1A S(AD 7]&Q] L AHH(GNN) 7]5ke] & 3 ¢SS H8a) dAF A X708 9201, ol
Bl ZF Al 8- AATHe 2 ISt A U SHAI Y = & BARITE o ¥ s oheFeh AR THe A -84
S 71X o2 SR Frh= FollA & Yu7t Atk $e 2 gy f-Ad Aol del mj iy o] =Sk uf, = At
of A Atk of7| el X o} Al dare]Fo] 7] Zho| =kl 98 T A o2 gt

Key Words : ?1-3-%]5(Artificial intelligence), 71424 7}4}EH 4x(Technical VPP), 45 -8--8-4] (Interoperability), H-Arof| 1 X 2} (Distributed
energy resources), 21 2 A5 o4 SHPower grid stabilization)

T Corresponding author, E-mail: hs.cho0212@60hz.io
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B AT 2049 E FR(7| o U X 8450 AU R FHo U 2] 7] 4B 7HAKETEP)S] x| U Wol S=aah o U] X A 35 A4
o A AP Y (FANE : RS-2024-00509239)(F=-54 F5AFE § 48T Al 7|4 244 Hde 71 4 &3
VPP o5 21%)

This work was supported by Korea Institute of Energy Technology Evaluation and Planning(KETEP) grant funded by the Korea government(MCEE)
(A S : RS-2024-00509239)(Korea-Germany joint research to develop adaptive Al-based distributed energy system technology andlarge-scale
demonstration for Korean VPP project)
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EP&CT-O-2

A% Z3} v dAl 3
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¥ 37 442 98
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VPP-linked ESS Operation Technology for Expanding the Hosting
Capacity of Delayed-Interconnection Solar Power in Grid-Saturated
Distribution Lines

MR HEA*
Sung JI Kim*, Huck Gil Kwon*

“FA 3| o]

Abstract : 2R of|u] 2] B ghefjof] whet i d = o) 24k, ek
A, G 7] SQ BdEge] 7 82 A vl S Hit :
A= As 2o v A 2o A & A g ofge] 888 =o17] % Rt 2 A, SR A (VPP)
oF A== Wil AAF ESS 7le 843 2971sS AAS

>
Ol
ot
M
)
=
R
ok

Wi A ESSE AEA Y A0 8] 915 BASAN DS B A3t 7 8
-2 AESG0m, BEAPAAE EAY W FEAY Alo] 7]ke] AFAN7 S FA 02 )

A QA 45e AZr. o) MAAR L0 0 DT 30 23, A% HRE A9, 7
A Ao} S5 SA4S IR RH, A Ao} Stol L ashESS 297140 W A8 7Hs A
AEshgch B3k VPP Al F5) 5 ESSE Bah-eo) 44910 2 A5, 49 2

A 74 S B Bl

>
o|N
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=
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o
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e
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£
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filo
e
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St
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o,
e}
0,
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o
2
N
2
o
xR
|o
=
of
(o]
0,

H v RS
P FASHAE B A BFFO] 37 58 ol BuF - Y FET FUYL AT
o & 7le2 &% NWAs 7]9ke] B =874 Sfje} Atolu A a2 ds At i & 971e=

A7 A3 (Distribution Grid Interconnection Test), A% *| ] 7]%5(Grid Support Functions), ¥ 33 =84
hojj (Expansion of Solar Hosting Capacity)

" Corresponding author, E-mail: sjkim@ef-ems.com
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Arg g W3 7e AL 5

Technical Trends of Railway Photovoltaic Noise Barrier Systems

ZME olsH, oldET, Z-E!
*kk T

Seonheui Kang®, Dongkyu Lee**, Sangro Lee*, Chungyoub Kim
FEE BT, FEEE| | A], FFERG T e 7] A A A8 gt}

Abstract : ©45%) 2] 75} 9 RE100 84} wet A% Q1 2ebs 2431 A4l 218 B o] F
Sk o, 2 sl e 37k 1 glo] Bl Lol ks el A eon
S 0l eI A L E0E, A1, ] AoF 502 <lof U e e o)

© 50| 2 AT YRHA O] AE 0, ofof uHE 7| & A A=A FAL ZAH.
ool & Wol A Aol el B SIS 917 714 SHS SO, A U 2 1
i Bhu 7%, AT 7N BE PA V14, BE 87 O3 A 2 fATE 7)E B2 SEE
2 AESIA . e o) A8 A U 7] U WS B Alste] 4 SRS 913t 814 7]
& QA58 &3} g

o} Bl Awejoly M o] 7|42 WA 58-S Aelsha, A 7N EARY o] U X) Qlmehz o) 2
7hs e AN SR T,

Key Words : &= g 934 13- (Railway Photovoltaic Noise Barrier), €453 (Carbon Neutrality), &40} 4 | (Distri
buted Energy), 3 7] 4 21%(Green Technology Certification)
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Analysis of the Impact of New Residential Developments on Sunlight
Access and Photovoltaic Efficiency in Educational Facilities

ZUAD* dEfE* mgs*
*xk T

Kyungmo Kim*, Taehyung Park®, Younghum Cho
it dutehsh AEsha, Frgdtista Fulofst A

Abstract : X 15 FA TR NS wEA| A o] A e BAIE oF7]81H, o] s E2] A7t
of e} st o] o x| A& 913 e g A5 AstR oozt £ AGtE A W AlF 35T
Asdo] QIS 7| & 255t o] Ux I A g i v a8 vA = G AFH o=
B4 A& HH o2 it o] 5 ol ti ol A7 258t 1 7ol A% 3e TS iAo
2 A2 g Id 58 9 A5 ASHE Al o] HdS Bl 248t dx BAL2 A E 7L
23193 A A5 A UAF} e g WA v B4 s B4 dah AlE 3erE AA
% goFal vbd A|AE 9] o 7F ubHERS. 72 tju] oF 5.6%(2F 11,120kWh) 7HAdH= 71 0 & vrelgoh
gk A~ ]19] A5H| 7L oF 0.53% A8t iTh 2 A5 Bl A5 AlE Tl A sAEe] dxd g
ol e Fg L 58 FAE AT A 29 B4 A ANH HEVF I e 2 02 HrkH

Key Words : ¢! 2= (Sunlight access), B33 A]A#](Photovoltaic system), BS54 ¥4 F-8(PV Power generation

efficiency), 1.3-A]d (Educational facilities), 71574 €] (Architectural planning)
" Corresponding author, E-mail: yhcho@ynu.ac.kr
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AGAFALHY QA A2 Ve Wl H% 2%
A% AR Wt 4

Research on Voltage Divider Resistor Selection Methods for
Improving Insulation Resistance Detection Technology in
Low-Voltage DC Systems

USERT  QRKE* 07|
Seung—Taek Lim*", Chan—Hyeok Oh*, Ki—Yeon Lee*
o 7] bA A AP A

Abstract : 2 215 21714000 STh2 9l5te] thopat Hoke] AkstlolA] ko] X|%H 3 Gick. 4
Aulo] o324 otz F3E, 7Ha717] Fol £AIste], LEDSE 2 21 E3k 25 Aulo|c). £
ol Al T ELBHE 9Jsto] ZnbE 2 Au] o] W a o] Lrehibal ¢lom, PLC, POESH e B4 4
0] 2 o] Was)A\x 9irh. o] PoE IEEE 80230] whe} Hch 52V 1h9]o] whe 29k Fa3ko] 4
24 £A1S o) B8 5 ek AR S ol o] tat el K5 % A o] ojX 4] gha
olet. 0|8 HE5] SISl B4 BARe B Aot 2o nEANE Baw ST, 4% A
7m0l Tt 4§42 BHelH <] ot ofo] that HES W Sk,

2 ADAUE] Aok UHEsl7] $15te] KIS BokS B8ote A F AT AE AL AN A9 2
82 9l3te] U5 2] e A AT A ES Wa e G webA B = Ro A S Ak 2 FA A
e HAAG A% AL SIskel Ui A Al BHE WE UrkEel it AES AWt HE
A7 ADZIHE B8-2 9ok Hehg A AE-S H2oksha, AEE A4S T 24 MR sk 7
o] BAXG P& thek WA uHo] /M5 e AL BT G5 1450l
o b oujel SMAIGL 52 TEsHE A AT 4] Qb4 aFae) 7h

N

-5 &1 PoE A| &

ofr
e
e
o
fu
a8
ox
it
)

Key Words : #] Q12 F A A E(LVDC system), £ #] ¢} (Extra low voltage), A &1 4] &(Insulation resistance), 7] Q4
(Elctrical Safety), & 717 =(Detection Sensitivity)
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Experimental Performance Evaluation of Power Optimizers for
Low-Voltage BIPV under Shading Conditions in BIPV Systems

USD* O|=F* O|AC* UTIM* F5* s
Hyunmo Yang*, Junyoung Lee*, Soye Lee*, Minseo Kim*,
Jongho Yoon*, Dongsu Kim*'

FYUYE A%FIY

Abstract : =4 x| AE D3] 37 of| A A FH= 2 -2 BIPV(Building Integrated Photovoltaic) A] A~ 9] BF7]
82 A7 2R R300|t). o2 Asler] 93 714 F SR, BE Tl Zo| A EEMPPT) 7]

ol

%58 74 591 | ko] &) (Power optimizer) 7} FEFRETL Q. e} 7] Q1T o] & Z41 0] Al EH 0l4 7]
5k 2ol 215 0] glo], A4 S0 SAo| A taket 9o AL whT A% ATE RET oIt e}

A E AL 99 A Bele Teshe] Thoket 8o A TG E ol A A8 A U Tlukow 3
7Fstt. Ade I8l & 4709 2EG 279 ofFo|2 4 BIPV AlLHle 7533 FE ol A=
A2EYE 1Y AAsA A28 AL o33k 2o} Array 1: String 1(32)2)+String 4(22]13), Array 2:
String 234 &)+String 324 9. £ £AE ofube mE Helef 24 AxIske] THskeich 29 A %
A Armay 12 SE|nRo] 4 2%, Ammay 2= |25 Abgol o} AL t18-2] 37 Cases 4510l AaatATt.
Case 1(Ref.): ¥ 233 9 Array 1,2 2 E]ulo] 4] on, Case 2: Array 8 2% 40%(XE 27%), Case 3: Array ¥ 2%
60%(% 5 37). &4 A7} Case 19] Array 13} Array 29] %] 9FA 752 7171 39.86 kWh, 39.89 kWhZE % 7] A3
A BQI5HAT. Case 2+= String 3, 4 5 A A3 o=, 2744 gffgl o] ZI = Ut IHE| 224 5-2F
ZERUT0W =gk o] SHELE 79, Array 10] AJ50] 2.42% /= 21t T0W o]37} E 79+, 2.20% *d5
4% Rorh A4 $20) A% 9 Aol SrE A9 fElnto] o] 7)ol HukA 02 A H S Selstet,
Case 32 BLE AE o] Sofo] WAYE|o] 24 Ze] W Brs} Brlsst 27102, B4 AT} Amay 19] -2
YA R0 14.87 kWh, Array 2= 17.05 kWhE ¢F 12.76% HA ek A8 3101l gith o] = A &8 270 A &F
npo] A 7} MPPT &2} A -7tel] Mi=n] Wk &4 9l Wi 2njd e 57159 ko] 54 o s 283t
AN 7HsS AAREETE o]= A BIPV 8 ol A FEjmto] A 28 Al A 2710S gt AA|Y F4
e AR, 23 B AR WS ] 91T 27 AR e Aglelc,

pas

Q.

" o
o oot

Key Words : A& AA|& e oF=F(BIPV, Building-Integrated Photovoltaic), T}+¢] &-E]u}o] #] (Power Optimizer), Z|tf) A2 3]
3% (Maximum Power Point Tracking), 2% %7 (Shading Conditions)
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EREL ENEER D
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A Study on the Accuracy Validation of Solar Irradiance Reception on
Arbitrarily Inclined Surfaces for Performance Evaluation of 3D
Spherical Micro Solar Cells

O|AO* STHM Usim* ZoIAM* ZUsH* 2ESH
Soye Lee*, Kwanghyun Song™*, Hyunmo Yang*, Minseo Kim*,
Dongsu Kim*, Jongho Yoon*'
farelehdd el A Egety) ek el e At A ek A] AtAlE

Abstract : 33 33491 7 vho| 22 eheFaA)(o]sh 79 B BES) WA A oS A7 Ay
oLk Al g o HE Bk WA A% o)50) A4S Shusl] e A melo] At Ak =7 2w
WAL R o) gt F kA HFo] A E|ojof gt ofof i At= 33k 3 who| AR e FHA| o] =3 A5
B7toll ShA, AlEElo] A el A o] Q1] HAPH A 3w of|S AUEE Aok 2|2 s HES
(Subdivision) A& E=%3}31 A} 5} % t}. Rhino-Grasshopper 2173 2] Honeybee & &-8-3} Gt} LA 34 =g
o] §19] o] Aol A Zhi= ol 5 =S [AF3N7] $15 AS vlo| e S BET W BAS Syt BE
71/ gL (EPW)ol| 717t 783k A A ol El(=HH A AL 9 &4 dAF 55 dElsto] AlEd oS
FESHACH, ol F B £ 7 W0 L Yole] AARG0) YAF A $Y 71259 ZAg
sto] A4 o] @ A4S HAs9lth. 1 A3, 48 WNMBE 1.3%, CV(RMSE) 3.5%)3} 13 30° 7 A1
(NMBE 0.6%, CV(RMSE) 12.7%) %% ASHRAE Guideline 14 7]|=2] 3-8 22} H&E w5191, & o119
AL GARRF AL o] 91O FAMH R oA SRS A B RIS g1kt T volrt, 33k
T EHS BARSLY] 913 XA o HES i BFslh Bl A] 2] HES 7i4=E 10~10,00071
(10, 25, 36, 49, 100, 225, 400, 900, 2,500, 10,000) H ]| A A o2 Z7IA)7|H A AL =S Frlst 2yt
4007 o)/l A Aatgho] f=gsfod, 271 B3tof| whE Akghe] Wsbrt WAYSLR| ¢h= Ao & YEryit uhet
M 3249 2 o) 4] o] S Ho] Py 400702 XA WEY 2h 02 REeisith ARH o B
Toll A HEHE dAF A Bl 24 WEs 202, FF A S 9S aLeg 3 B FHA 9 5A] 14 =
4 9 w2 st e Al Z|uko w B8 Aoltt.

Key Words : 3x}9 51& e} 9F72 4] (3D spherical solar cell), 433 314 2 (solar analysis model), H-&H(Subdivision), YA}
=33 (solar reception)
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Analysis of PV Power Generation Reduction due to Church Spire
Shading and the Performance Improvement Effect of Power Optimizers

2ok =4 AX|IR* Zo|2*, o|RCP, 2ES*
Minwoo Kim*, Dongsu Kim*', Jiwoo Kim* Yeeun Kim* Ruda Lee*, Jongho Yoon*

sSrlghgosha 1% e
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45HA1 2 5 91k upebA) 2 Q1 e] Bale A Aol o3
& A2 glo|E 2 7|40 2 ¥ A5}31, 5-9] &E|ulo] A|(Power optimizer
A0HE PO RN Y A B A28 2 AL S b e,
A AEo] 27H2024-2025) £ Hlo] 8l S F-gste] the Al ©A HAL Saskect (1)
1P 5 1h 22 Aol & ulmale] A7 20l Wl &8-S B AT (2) 5t§] SEnto]
| U2 of o] 23 MaHE Fof 1t 222 vl LA (3) KEluto] A 2 A2} u]
2198 vl wato] A7k A WA Wake E ATk £ AT, 5A) 42 /1% 9 2
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Key Words : Blj2F33 2HA(PV system), A& 2% (Spire shading), T}9] -2-E]u}-o] #](Power optimizer), &Y 2
(Mismatch loss)
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| zeB-P-1 J
SRS 9% vt §F HIBRE 29T

Study on Media-Integrated Photovoltaic Module Technology for
Green New Industry

OfM|E*!
Sehyun Lee*’
H(F) AN ALE

Abstract : 2| ThaFE F 2T} A 2o 2] A5 o) ol whel e dAE B SR BIPY) 7E2
e g g4 FERI Ik 53] 7|E B A" T Vs AR A8 A
=] S, &7 Al 71e R =4 A 7)o SRIoIA A7 EAEEA o]0l & Aol A= oy
A Akt 2 A @ A 7= Al RS o e GTGE vy of B 4 (Media-BIPV) WL&2 A|¢F
SHaL, A AL B A A 2 71 e A AL S 7hs A= AT AlQHE AlLE2 B eF A 2F LED 7|
Hug o] Ve g 2R, Folle HP g TS S A ANUA AL ool dE e
283 v o] A& o] 7ls& AT ol & Sl A= A AA7E oA A At duo| A} AR
A A = 8=, 7]& 222 F7F A4 flo] Ao A Baks SHiete 4= v =3 2 A
€ AL A 3AS AE T AT E e EAsto] Al DAl A 9] ofjuf A] v Bl B v S5 A 7St
3, BEO] # A &7Hs4S TR HEe] WEal 1,000 cdm® o|3te] AAE F) =A] oftt
Dol mAls G HashHA, AAGEA] 9 F3AE 9] ot B A 9 b el 7R
T AUk Ao SHollME E A48T 120W o[, g a8 10% o< Sk, Y7-d& ZHEs)
EEAASRLH o2t 7|4 5L E7] 8 A R AI e HE E S RS A
ST 2 71E2 AU A ks S TS AR ok 2h AUFEAE], YAE vy, A5
A AL Te] Hohe Sl M2 ARE AEY e S 7IeR WUk 53] V1€ H)
&g v o] T A A E Bt A, A vl AT 3 A Fdelete @A BYE E A
off Alsd o= e HolA ApEAo] ek 222422 GTGH 1|t o}-BIPV &2 oy A A4k, Ak
Az, B4 WA 75 SR AAIH A A= Va2, gATH AN 8 W AL BA &

=
[e)
7 24l 7]018 4 9 A M Y-S alstar.

Key Words : AE3 g3 (BIPV), 1| t] o g 953 (Media-BIPV), A A1 4% (Green New Industry and Innovation), #]
e

2} (Low-carbon Process and Manufacturing), 21 2}+7 71 Z(Eco-friendly Architecture)

gl

" Corresponding author, E-mail: gazazip@gmail.com
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Characteristics of Space Usage and Building System Operation based
on Occupant Behaviors in Multifamily Residential Buildings

ZE
Chul Kim**
et A% st}

Abstract : 2| A= Al A 2] Q1 7] S8} A H o] th-8-517] il ASF2 ol A oflvA] &8 Al 24
7hS S el B B 7150l k. A 20109 o] - ol A 7Y tiE A 9l FARE &
TTYS A5EY 01]‘—1?<IX4°“*74]71T70§P of wtet ofu) g YA LE Aol B2 iAlo] ol %
ojgton] 1ol A] Au|FF S A ARt DS o] Fof g“:} Y A=A F-5FE o] DAY
AN AL A5E9] 2 ouA é%%% ”P71 A2 Algdloldel 7Rkt Al 2o U ]
A%E ASAEES FEoks 202 AB o] A I A4 i%&1ﬂﬂ°%34@%52§
ool & ALg-HT) ol Ak o] el gt S T mlel e 7t o] §0] theslE Wej R 2e] 51 LA AL
ukedshizt] §A7} lon, S 3ol Aake tiebH el S Eeubelo] ojet AT Ala Aol
A O AR ) HAIE, TR el S PR Eel AR S5 A 915 gl
7ok § s el AN B A5 oluE AFA 45092 THARO.R T 9 Ao Fbolg, %
R I R S e ﬂﬂoiﬂ%%*%?%ﬂgdﬂ°ﬂﬁﬂ1%%
ZF714F UM =5 8t 7|+ 5 Al &Y o] A(code-compliant simulation)8 AA|E 7idko]| 7] ofskaL

A} gy

H
rlr
o

-

Key Words : 3538 (Multifamily residential building), ©]-8-3 2 11} (Usage profile), Al A1 }-8§5(Occupant behavior),
T ZAAE(HVAC system)
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7159 ol8 A7 w7

Enhancement of Implementation Mechanisms for Building GHG
Emission Caps based on Expert Perception

=Lk *
zesr, =g

Eunhwan Kim*, Gayoung Cho*'
A AT A47H AT

Abstract : AE5-Eo] A HE TS LATLA 712 o] W Bl S 9% AR LATA FUAL B

o 1] 94 -G 5 35} 4 A 1 o]l AL Dut Sl 14154 121 3
71%9] SA7H A2 o] ae] Afoh 4.1 0= A A 1 Gk A AL EWA F 22 ARHE FAO
o U1 g7 7]9ke] Bk ghe] A AZE = E T QLo Hlolele] Bakut 3 7k H U, YA
A Hlo1E] 49| @) 5, 2 A vl E o2 ela) Aol kel @Ak e olef £ o
L oL A] Hlo]e 713 48 A9 BRE welo] A, 2 A AR 1B GO 43 ol
58 astol A W A AT Aush AT Al A% A BTz AaA 9]
L o]ay A st ek AASIETE B4 ATk Fele] AR 4ekE eI St Ao
DBoke] Blo] e} A1 S B3 AHE e ) AA T3 S7hA AR 7k 9% Hefol 7] vhsk Al A4 o}
#o] Wash 202 Uehieh. 27} Aol Bave A% 94 o A dlolelo] 55 @ w8}, A

112 f oE,O{N
re o S opl

|

Q1 7k 712 vhel, 4 dlo] 6] A 9 ZNE Lol e A=A Y)ek o] 34 I BHelw gl
o A A 2ol A= X0 54 wbalgh 42 o]a) Ak 4w Mgy ofeF SRt F sk, o) 913
A2 S o] AR T84S el £F T e TE3 A2k ek Y A Y 27 =9jo] a7
sk FEH 0 B AT AR} l4lo] 7t AFE 242 B vl A % 28 F40) 42
A A A FEo] BB I AL 915 94 719l SIS, HlolE B 71w A A 2
E0 AR 7 ATEGY AYAAE SR o AA DEsh el A s ol et o]
% A7) 3= 8H oF w0l 7|8k 42 ©JAA S A 5L, A2 Blo] o] 2AT A BAaFY
o5 AAE BAYshe ol 7]elg Ao |t

Key Words : €453 (Carbon Neutrality), Z15-]| 4 A] (Building Energy), A&7}21 €] (Focus Group Interview, FGI),
A& 24712 Z%F4) (Building GHG Emission Caps), ©]3 |7 11%=3} (Implementation Mechanism
Enhancement)

" Corresponding author, E-mail: bestornggy @ gmail.com
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Proposal of a Composite Metric of Window Efficiency for Assessing
Building Energy Performance

O74§}*' 7:!25_3_4**' Olﬁ_LEI}**T

Rosa Seo*, Kyunghwan Yoon*, Jonghyun Kim**, Kyunam Rhee
ZAdjstu H&5gstat

37k 93t 43 2§

ke ckek
5o B

“SY R st ek A% AFe,

Abstact: 213 o] AL ot 20902 ool @S NS slo] Lashez, dubs
L BAlS] s ol 3] 5] tie A A4 H 0w 2 Qe S sialel Ao
T 58S H/HE 5 gl W, FY oujel FEE vy 9

7Kg B ask ook HEe] A RS el A

71—71—_,] kl-‘o:%

AFEA dUFE, I FI-&(VLT)o] Z-&=a glon}, 7H7]
Zslel x| 7= EO‘QX] 1e) ZAA 0l B3x) = LSG (Light to Solar Gain
ratio=VLT/SHGC)7} &-§-5| 1L 1=, o= YA E 7HA A Fxh SHvE e = o] @ifof 2] oS
£ 8510 288 + 9loLh, delu Aol e A b ¥ A0z AEE ofo] ¥ @7

o A= A28 E3A] 32 LSGU (Light to Solar Gain and U-value=VLT/(SHGC*U))E- A|¢ts}az, Tt

£ AEY oS Faf o A} 712 ofuix] AL 7he] AAS FESIRlh $H AR e
U-value, SHGC, VLT Z+2 ZH= 2107]9] 2] o] -2 WINDOW A Ei|o] 40 & 215}, 0|2 A7
AHRA 255 HARSE jEPlus Alg o] A Rdlof g sto] Wi, Wi, 2ol | A& 23Rt ol | & AFE-
ZHEUD A1&3}9it}. LSG, LSGUS} EUI 7He] AbtAdS HA1%h éﬁr LSGO] AFHA| 4= 0.57, LSGU2)
= e 5 v oA BAR 4 o A0 &
o el 2] AFgRko] Z7hsHe ARHE LSGU A\ 24

o =2 v
ARG 70302 e, LSGUR A2 0] o 7] ALE
= 7(4,9_61— )

A5 ATl shpe] N HE
o UM 7PN A 2 & g%% Zefslol 1 i S 3

A= Qlch o] = dR&o| T HSE 48
stk Aus) 22 4 o7 o Bk
2(U-value), YA 3 S A4=(Solar heat gain coefficient: SHGC), 7}A] 334 & 118

Key Words : %3 (Window), 58
(Visual light transmittance: VLT), LSG(Light to solar gain)
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HAZUEN AP AT AdDy BauEF 2UHY
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Development of a District-scale Carbon Emission Monitoring System
for Carbon-neutral Cities and a Sample Case of Building-sector
Reduction Scenarios

Rls|A*, HEIR*, pEA*
Hye—Sun Jin*, Jin—Woo, Jeong*, Bo—Kyoung, Koo*'
A7) EATY ASoU R AFER

Abstract : This study aims to develop a district-scale carbon emission monitoring system that can integratively
manage and analyze carbon emissions from buildings and road transportation, and to derive a sample case of
building-sector reduction scenarios for carbon-neutral city implementation. The system estimates energy
consumption and greenhouse gas emissions by linking building energy use, building characteristics, traffic
volume, and vehicle information, and visualizes the results on a spatial-information-based platform to identify
regional emission status, temporal changes, and scenario application results. For the building sector, reduction
scenarios were established based on green remodeling of aged buildings, including improvements in insulation
performance and equipment efficiency, electrification of gas-based equipment, and improvement of the
electricity emission factor through renewable energy expansion. Application of these scenarios to residential
and non-residential buildings showed a sample case in which district-scale carbon emissions in the building
sector could be reduced by about 5%. The study proposes a spatial framework for carbon emission monitoring
and scenario evaluation reflecting regional characteristics, and can be used as a basis for local carbon-neutral
strategies.

Key Words : X9 tt9] gtAnl|&5F U E 7] A2 E](District-scale carbon emission monitoring system), Bt AT = A

(Carbon-neutral city), &5 A7 Alye] 2 (Building-sector reduction scenario), 13 2] & 2 (Green
remodeling), A]U2] 2 3 7}(Scenario evaluation)
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Effects of EV Charging Operation Types on Energy Self-Sufficiency
Rate and Electricity Cost in Building PV-EV Systems

AR|G* E| QAT
Ji—Young Eum*, Gyeong—Seok Choi*"
AT EATY ASA YA AT EE

Abstract : A 20U 2] A 5-=(ZEB) 2157812} 712§ ZHEY, )8} 7|12 Hg S 7} FA o 713
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Key Words : A& PV-EV A]| A ¥ (Building PV-EV system), A 7|2} 7 -9 -8 (EV charging operation type), ol ] A|
A} & (Energy self-sufficiency rate), A| 2 of| 4 x| A Z-E(Zero energy building), A 712} =4 A2 2 FH(EV
electricity tariff)
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Analysis of Module Temperature and Power Characteristics for
Facade BIPV Systems under Seasonal Conditions

AR|G* E| QAT
Ji—Young Eum*, Gyeong—Seok Choi*"
AT EATY ASA YA AT EE
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Comparative Analysis of Acoustic Environment Evaluation Items in
Domestic and Overseas Green Building Certification Systems

A>T Az Ay s*

skk T

Hye—kyung Shin*", Kyungjoo Cho**', Daehee Jang*
RSP Y AFEA TR, AL ST AF] A

Abstract : This study conducts a comprehensive comparative analysis of the fundamental acoustic environment
evaluation frameworks and items between the Korean Green Standard for Energy and Environmental Design
(G-SEED) and leading international certification systems, specifically US LEED v5 and UK BREEAM. The
analysis reveals a significant divergence in evaluative philosophy: while G-SEED is primarily centered on the
application of sound-reducing materials and technical construction standards, international systems prioritize
the actual lived experience of occupants. Currently, G-SEED evaluates acoustic performance through a quanti-
tative grading system (Grades 1 to 4) for specific physical noise sources, including lightweight and heavyweight
floor impact sound, boundary wall insulation, and traffic noise from roads and railways. This approach focuses
on the "input" stage—assessing whether reduction materials or specific construction methods are implemented
during the design and construction phases.In contrast, international systems emphasize the "output," focusing on
the actual environment occupants are exposed to post-construction. US LEED v5 adopts a Path-based approach
that focuses on mapping "Acoustic Expectations" from the early design stage. It categorizes spaces into noise
exposure zones, acoustic comfort levels, and privacy requirements (e.g., high speech security to no privacy),
requiring that at least 75% of occupied spaces meet these defined expectations. Similarly, the UK’s BREEAM
system emphasizes post-construction performance and requires verification by Suitably Qualified Acousticians
(SQA). BREEAM evaluates detailed criteria such as indoor ambient noise levels and room acoustics
(reverberation time) tailored to diverse building uses, such as offices, classrooms, and hotel bedrooms. The
study concludes that while G-SEED ensures technical performance through a material-oriented checklist, LEED
and BREEAM offer more flexible, occupant-centered frameworks that consider the integrated acoustic quality
of the space. These findings suggest that for G-SEED to fully realize the objectives of its "Living Space and
Health" category, it must gradually shift from a material-based assessment toward an outcome-oriented
evaluation that reflects the actual acoustic environment experienced by residents.

Key Words : G-SEED), Acoustic environment, LEED v5, BREEAM, Living space and health
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An Analysis on the Reduction of Greenhouse Gas Emissions of
House Using Photovoltaic Surplus Power in Heat Pump

* T * *
g4, 487, 28F

Youngsun Jeong*", Yongki Kim*, Kyungjoo Cho*
A7 EAdTY AU A AR

Abstract : 7] Z8i3lo] 025} 3 BHAZ S TS} 9AE S AR AlE-S Fo|at JEJREL oy
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Key Words : €| %F33 37 (Photovoltaic power), ¢ 2 (Surplus power), 3|EH3Z(Heat pump), A7} vj&
(Greenhouse gas emissions), 1% 2] 22 @ & (Green remodeling)
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Experimental Analysis of Window Thermal Behavior under Winter
Conditions

Z0IA*, 4% USm* o|A*, USH* @55*
Minseo Kim*, Gyeong Yun®, Hyunmo Yang*, Soye Lee*,

Dongsu Kim*, Jongho Yoon*'
gk sla A Egskt
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Key Words : t}5 & %’j A3l (Multi-Mock-up Test), B2+7 (Thermal Environment), & 0] 38 (Low-emissivity coating),
2§ 53 (Glazing Type)
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Field Measurement Study on the Thermal Transmittance of
High-Performance Grade 1 Triple Glazing and Vacuum Double
Glazing Based on ISO 9869

ZX|2* o|=g* ZoI* Zo2* U= =E5*T

Jiwoo Kim*, Junyoung Lee*, Minwoo Kim*, Yeeun Kim*, Dongsu Kim*, Jongho

Abstract : IFE-2 A3 A5 B7He A& oy A 5 E40l Sl %ﬁlﬂ A F F shtoln, dutz o2 9
ol EAE A3 374 B E32 AL 2 I (THERM, WINDOW )& E8f A4 €lch e} o] 23t 4HY
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Key Words : Z-Z-3-2](Vacuum Glazing), B-F&(U-value), UAIEEA4>(Solar Heat Gain Coefficient), 4543 (Experimental
Study)
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An Experimental Study on the Improvement of Indoor Thermal
Environment by Applying Nano Dust-Proof Screens

Zole* o|Fg* AUX|R*, AnI* U=p* @ESH
Yeeun Kim*, Junyoung Lee*, Jiwoo Kim*, Minwoo Kim™
Dongsu Kim*, Jongho Yoon*'

FYUYE A%FIY
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Key Words : U= B2 (Nano dustproof net), =% (Temperature), 32 7| (Heat generator), <=2 #]| (Heat storage body)
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Evaluation Approach for Paint Particle Dispersion Reduction Devices
Applied to Outdoor Painting

cfals* SME
Hak—Ho Nam®*, Se—Jin Yook*'
“etope /1A B
Abstract : 87| A& 5 A7Fe] A7 ol XA Q] FFE v| ] = u| A HA] WA A1 8] n]AH
A A gtof tf gt A-E7ko] 3 ) 5], AE9] oY =AF A] ofjo] 2] A AL o] o] ARg-of uta}
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Key Words : 9|1 E ] X} (Paint dust), ==& E-AM4X] (Airless paint sprayer), ¢ &} %] Z}F(Dust reduction)
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Development of a Dust Collection Device for Intelligent
Transportation System Enclosures

ZAB, SMIEHT
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Abstract : &= 2 B of| /d X] &| = Intelligent Transportation System (ITS) $HA|of| = Q] F HX] G- o2 HE A
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Key Words : %] ZIA}F%] (Dust collector), X% 1= Al (Intelligent transportation system), =& H X|(Road dust)
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Abstract : "I SHE T ot 4H Al oA = vl S = A Y =2
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Key Words : #}o] 22 E.2]7](Cyclone separator), A TH2] 73 (Cutoff size), 3£ %] & 8-(Collection efficiency)
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Analysis of Green Building Certification Score Attainment in
Non-Residential Buildings: Focused on Certification Results from
2017 to 2024

mAF | Hrs
Kyungjoo Cho*', Daehee Jang**
A7 EATY ASA YR A EE HHe AT 7| e A Y ASEA|AFLER

Abstract : The Green Standard for Energy and Environmental Design (G-SEED) classifies assessment targets
into two major categories: residential buildings and non-residential buildings. Non-residential buildings include
all building types other than residential buildings and are further categorized into five groups: office buildings,
school facilities, retail facilities, accommodation facilities, and general buildings that do not fall into the
previous four categories.

The dataset analyzed in this study consists of newly constructed non-residential buildings that obtained G-SEED
preliminary certification between 2017 and 2024. A total of 5,884 cases were initially identified, including
3,540 general buildings, 1,377 office buildings, 804 school facilities, 24 retail facilities, and 139 accommodation
facilities. Among these, three cases with missing certification item scores—two general buildings and one office
building—were excluded from the analysis. Consequently, a total of 5,881 buildings were included in the
statistical analysis, comprising 3,538 general buildings, 1,376 office buildings, 804 school facilities, 24 retail
facilities, and 139 accommodation facilities.

The statistical analysis examined certification acquisition trends by region, gross floor area, public and private
sectors, certification grade, and total score. In addition, score distributions by specialized assessment categories
and the proportional composition of total scores across evaluation categories were analyzed. The results of this
study are expected to provide useful evidence for future revisions of the G-SEED certification criteria.

Key Words : Non-residential buildings, G-SEED cerification score attainment
"Corresponding author, E-mail: kyungjoocho@kict.re.kr
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Experimental Evaluation of the Thermal Transmittance of a Green
Remodeling Window System Using ISO 9869 In-situ Measurements
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Key Words : &5 419 t}E-3Z 78] (Suspneded-film multi-layer glazing), 2% 2] E 2 31 (Window retrofit), &% 7|1t
7% (In-situ validation)
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Experimental Analysis of the Thermal Performance of a Green
Remodeling Window System Using Suspended-film Multi-Cavity
Glazing
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A Simplified Thermal Equation for Assessing Building Cooling
Sensitivity Under Changing Climate Conditions

LB QIE oA
Hyomin Kang*', Soohyun Ahn* Woosok Moon*
SRR AT A ST e

Abstract . Due to the intensification of climate change, electricity consumption in the building sector is steadily
increasing. Extreme high-temperature events, such as heat waves, in particular, trigger a sharp increase in
cooling demand, threatening the stability of electricity supply and demand. This increase in demand is closely
related not only to rising average temperatures but also to the dynamic thermal response of buildings to external
thermal forcing. Therefore, an approach capable of efficiently analyzing building cooling sensitivity under
changing climate conditions is necessary.

Existing studies often rely on high-resolution building energy simulations such as EnergyPlus or large-scale
experiments, which require high computational costs for repeatedly analyzing various climate scenarios. This
study proposes a simplified heat equation system comprised of three domains: Indoor, Wall, and Outdoor. Wall
temperature and indoor air temperature are defined as key state variables, time-dependent heat fluxes based on
outdoor temperature are considered as external forcing, and heat removal due to cooling is included in the
indoor energy balance equation.

The proposed equations can produce piecewise analytical solutions, and comparisons with EnergyPlus
simulations performed under identical climate input conditions demonstrate their ability to account for key
characteristics of indoor temperature changes and cooling operation trends. Rather than aiming for precise
reproduction, this approach provides a conceptual analytical framework for understanding the dynamic response
of buildings to external thermal forcing. It can be utilized for analyzing cooling demand characteristics
according to changes in key thermophysical parameters and assessing building energy sensitivity based on
climate scenarios.

Key Words : A& ¥ %&H(Building thermal dynamics), TH<=3} 4](Simplified equation), W1 4=Q W7}F%=(Cooling
demand sensitivity), 7] 3-¢]| ©h2 & A QF-3-(Climate-driven thermal response)
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Development of an Edge Al-Based System for Real-Time
Performance Prediction and Control Optimization of Water-Source
Heat Pumps
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A CFD Study on the Heat Transfer Characteristics of an Air-type
PV/T Collector with Trapezoidal Turbulator
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Assessment of Biomass Resource Potential in South Korea Based on
KOSIS Public Statistical Data
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Development of Hydrogen-based Energy Infrastructure for RE100

YOI EE A AT SIRAN 2T MEIEY, LR, QM5

y OOL—-
Min Gu Kang*', Boyoung Kim*, Youngseok Bak* Chang Ki Kim* Chu—sik Park*,
Sungmin Kang®, Hak—geun Jeong®, Mo Se Kang*, Seok Hwa Oh*
o U A 7] d Y

Abstract : £ A5 2] UI 7] 100%(REI00) 42 B3 2 54 24 7]k o Ul 2] @ AErA] <l
o} % 742 ASkaick o A9 A% P Fekalol Setale AR A on, F
UG 70 2 ALY EhA] ) 9218 BAe] AY £SO R BHeks B Ui ALUS
Arstaa gt
Aok Al HE A EAo) 2
W g Av|E Egait, 2AE e
3o A2 B daiat, 4 WG BEG MW S A
= yolech A 45 A 7 8

APAEEA] o] FStof| g T

o]} L2 A=A 0574] (Power-to-Hydrogen-to-Power) - %= A Ao L] X 2] 7+ A EA| S s A st} =
Kol 37] A ek Shuak 4 olis S AT Eak, FRUAHT Ak S0 7he] 714 el 1L
SR AE A 2 29 ek Hokelel 457158 b

A7) 913 oA A%
Y& wlstel Fe wA
HE B S48 A

AN
8 Al 700kWZ A5 AR AAHS E5) A8 o2 AH3EE o]

4
LJ
%
=
H
1o o
=2
s
)
_>.i
oN
14
o o
%mle
M
%)

B Al AF A 9o FHA FL AL T REI00 7|5 4k Q) e} BLAS AA GO ZM, FF
A At A % AR A e AR A A1e A AR A B S A

Ao g 7|vdh

Key Words : RE1I00(RE100), 5=4~ A] ¥ & (Hydrogen-based energy infrastructure), 2 2-4=4~ 9 #|(Power-to-hydrogen-
to-Power), A A ol ] X| 7FHE AJ (Renewable Energy Intermittency)

" Corresponding author, E-mail: mgkang(@kier.re.kr
7

§_
H AT 20261 E FEILER] Y0 R FEWETEr] &7
H S : RS-2022-00143582).

r
oloit
e
1o
)
e
o
e

[*]
_ﬁ
091:
(o
6

T A e @}

* 202 -



2026 KSES Annual Spring Conference

A% 34 S 1T WRF 71 984 4A3 45

=
iy

Evaluation of WRF-based Dynamical Downscaling Performance for
Surface Wind Reproduction

o|oI*’, @E* TG ZAy* s
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Power Generation Prediction and Validation for Vehicle-Integrated
Photovoltaic System Using 3D LiDAR-based Urban Map
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Development of a Transfer Learning-Based Domain Adaptation Model
for East- and West-Facing Photovoltaic Power Forecasting Using
South-Facing Data
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LCOE Improvement Analysis of Industrial Rooftop Solar Systems
Considering Power Generation Prediction and Load Shifting Strategy
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Effect of Inter-cell Thermal Barrier Pads on Thermal Runaway Delay
in Batteries

SA0*, ASOI* HSIS* RASF SR
Seungmin Heo™, Hyeon—Min Kang*, Hak—Ho Nam™,

Sang—Hyun Cho*, Se—Jin Yook*'
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Key Words : &% 3=(Thermal runaway), & 2}#| 3| =(Thermal barrier pad), 2] ©]-= vl €] 2] (Li-ion battery), vj &] 2] &

o
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& (Battery module)
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Development of a Passive Cooling Structure for LED Lighting in
Plant Factories
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Key Words : 2] &-5%H(Plant factory), ¥ (Heat dissipation), 5] E.1}-0] i (Heat pipe), LED 2" (LED Lighting)
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Numerical Investigation of a Hybrid CPCM-Water Cooling System
for Thermal Management of a 20 Ah NMC Pouch Cell

Si0lE Chut, Py

Muhammad Dail*, Young Won Kim*'
el EA v e |

Abstract : Conventional studies on combined latent-heat and liquid-based battery cooling have generally
emphasized small-format cells and limited discharge intensities. This study extends the investigation to a
practical 20 Ah NMC pouch cell subjected to 1C, 2C, 3C, 5C, and 10C discharge conditions at 25 °C ambient
temperature. A conjugate heat transfer CFD model, driven by experimentally derived heat-generation data, is
developed to assess temperature rise, thermal non-uniformity, melting progression, and the effect of coolant
flow on thermal management performance. The results reveal that PCM by itself is capable of delaying
temperature increase under mild operating conditions; however, at elevated C-rates its full melting reduces the
available latent heat capacity, causing thermal control to deteriorate and hotspots to emerge. Incorporation of
copper foam into the PCM matrix enhances internal heat diffusion and improves both peak temperature
suppression and temperature uniformity. Building on this, a hybrid system integrating copper foam composite
PCM with water cooling is investigated to combine transient heat absorption with continuous heat rejection. In
addition, a thicker 3 mm composite PCM layer is explored in the water-cooled arrangement and is found to
further improve thermal stability. Overall, the proposed hybrid composite PCM~-water design demonstrates
strong potential as a practical BTMS solution for large-format pouch cells under aggressive discharge operation.

Key Words : X755 vE]2] & 3-2](Sustainable battery thermal management), -+2] & 7}3} (Copper-foam—
enhanced PCM), Aol R A ol R] #ZH(Renewable-integrated energy storage), & ol &| #%F
(Thermal energy storage), 1L C-g| o] E A 7]z} 3}-9-*] All(High C-rate EV pouch cell)
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Thermal Performance Analysis of a Water-Cooled Heat Exchanger for
Battery Thermal Management Using CFD
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Key Words : A A543} 4] (Computational fluid dynamics), =18 4] & 13}+7](Water cooled heat exchanger), W&l 2] &
] A]AEl(Battery thermal management system)
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Aerodynamic Design of a 10 kW Supersonic Partial Admission
Impulse Turbine for Organic Rankine Cycle
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Key Words : -§7] 1 ujj2F4] A| 2 8] (Organic Rankine Cycle), 224 FE-G9] 3% € W (Supersonic Partial Admission

Impulse turbine)
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Enhanced Photoelectrochemical Hydrogen Evolution Reactions using
thin ALO; Film on p-Si as Interface Modifications
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Min—Joon Park®", Sungmin Youn*, Chi—hyoung Lee*
AT E AT YA Y= TIE

Abstract : A large amount of externally over-potential is normally required to split water using p-type silicon
(p-Si) due to the insufficient driving force between the conduction band-edge and the hydrogen evolution level.
We demonstrate how inserting an AL,Oj; interlayer between p-Si and the electrolyte mitigates the requirement of
over-potentials. Since the Al,O; film decreased the number of interface defect states, electrons were observed to
migrate into the Si surface so that negative charges accumulated at the band-edge of silicon. This resulted in
band bending enhancement and a reduction of the over-potential requirement. In our result, the over-potential of
~150 mV was reduced at a current density of 20 mA/cm2, and the onset voltage of ~70 mV was also reduced at
the 1.4 nm thickness of Al,Os interlayer.

Key Words : 337 7] 3}-8}H(Photoelectrochemical), =4~ A8 (Hydrogen evolution), &3l HF-3-(Water splitting), 22
Al 2] Z(Crystalline silicon), &% 2} (Atomic layer deposition)
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NiCu-based Multimetallic Catalysts for Electrochemical Ammonia
Oxidation Reaction

HMOIA* ESOI* HY7|S* AT
Minseo Jeon*, Dongin Choi*, Kiho Bae* UK Sim**'
elaro A Fatoshal o | x|k, F Rt et Y35kt

Abstract : Achieving carbon neutrality requires reducing CO, emissions, and hydrogen has emerged as a key
alternative energy source. Water electrolysis is a promising method for producing green hydrogen. However, its
efficiency is limited by the slow reaction kinetics and high overpotential of the oxygen evolution reaction
(OER). As an alternative, the electrochemical ammonia oxidation reaction (AOR) presents promising prospects
because it requires a much lower theoretical potential (0.77 V) compared to OER (1.23 V), thus significantly
reducing the overall energy consumption of water electrolysis by up to 95%. In addition, ammonia is a
high-density hydrogen carrier and can be directly utilized in fuel cells. However, most of the research on AOR
has focused on noble metal catalysts such as Pt and Ir, which often suffer from poor durability and severe catalyst
poisoning. To address these limitations, this study designs a NiCu-based multimetalliccatalystby increasing the
number of constituent metals to enhance configurational entropy. Nickel and Copper have been widely
investigated as promising catalysts for the AOR. Nickel is effective and stable in AOR, while Copper promotes
electron transfer due to high electrical conductivity. The incorporation of additional transition metals enables the
formation of diverse active sites and improves catalytic performance. As a result,The NiCuFeCoSncatalyst
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 : Ammonia electro-oxidation reaction, electrocatalysis, high entropy catalysts, assisted water electrolysis,

electrochemistry.
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Machine Leaming-Guided Design of Electrocatalyst for Selective
Electrochemical Nitrate-to-Ammonia Conversion

Junho Shim*, Dongin Choi**, Kiho Bae**, Uk Sim*'
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Abstract : Ammonia Growing interest in sustainable ammonia synthesis stems from the dual importance of
NH3 as a cornerstone of fertilizer production and as a potential medium for hydrogen storage and transport in
future energy systems. Nevertheless, current large-scale NH3 production still depends on the Haber-Bosch
process, whose harsh operating conditions impose high energy demands and a substantial carbon footprint [1].
These challenges have driven growing interest in developing more sustainable routes for ammonia production
under mild conditions. Electrochemical nitrate reduction (NO3RR) offers a decentralized approach under
ambient conditions whiles imultaneously valorizing nitrate-containing streams, yet achieving both high activity
and high selectivity with earth-abundant catalysts remains challenging due to complex multistep intermediates
and competition from the hydrogen evolution reaction (HER). Herein, we report a machine learning-guided
design of a highly efficient electrocatalyst composed of Li-rich NiFe nano-alloys supported on MnO,. An
Al-driven screening framework was employed to rationally tune the electronic structure of NiFe through lithium
doping, thereby strengthening the adsorption/activation of nitrate-derived intermediates and improving reaction
kinetics. When integrated onto porous Ni foam, the catalyst forms a multiscale heterostructured interface that
increases the density of accessible active sites and establishes rapid charge-transfer pathways, enabling efficient
mass/electron transport across the electrode. In alkaline media, the optimized catalyst exhibits outstanding
NO3RR performance, delivering high Faradaic efficiency toward NH3 across a wide potential window. The
enhanced selectivity is attributed to intrinsic suppression of HER, consistent with computational predictions
based on intermediate adsorption energetics. This work demonstrates an Al-assisted, composition—structure
co-optimization strategy for next-generation, sustainable nitrate-to-ammonia conversion technologies towards
the solar-assisted green hydrogen production.

Key Words : % 7]3}8} Zujj(Electrocatalyst), &% 1 o} 2 AH(Ammonia Production), ™ 4] 2] (Machine Learning)
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Unlocking the Catalytic Potential of Ni Foam: Electrochemically
Reconstructed High-Performance Electrode for Sustainable Water
Splitting: Toward Solar-Assisted Green Hydrogen Production

Dongin Choi*, Subramani Surendran*, Uk Sim**"
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Abstract : Water splitting, comprising the hydrogen evolution reaction (HER) and the oxygen evolution
reaction (OER), is central to clean hydrogen production and the transition to sustainable energy systems. A
significant challenge lies in developing efficient, low-cost, and scalable electrode materials. Commercial nickel
foam (Ni foam) is widely used as a conductive scaffold due to its high porosity and stability, but its intrinsic
catalytic activity is limited. In this study, we present a facile electrochemical reconstruction method to enhance
the performance of Ni foam using an aqueous NH4F/NaOH electrolyte. This treatment induces amorphous-
nanocrystalline composite regions that introduce e-based microstrain, reconstructs the surface morphology
while retaining bulk porosity, and forms catalytically active NiOOH/Ni(OH)2 heterojunctions coated with a
Ni-O-F surface layer. X-ray diffraction (XRD) analysis reveals that the induced microstrain can modulate the
electronic structure without requiring peak position shifts. X-ray photoelectron spectroscopy (XPS) confirms an
increased Ni3+ fraction and evidence of Ni-O-F bonding, both linked to enhanced electrocatalytic activity.
Among the engineered samples, EMNF(1.5) demonstrates the best overall performance, with a lower OER
overpotential than Bare NF, ATNF, and other EMNF variants. EMNF(1.5) also shows the lowest Tafel slope,
the highest double-layer capacitance, and the highest turnover frequency (TOF), indicating both faster reaction
kinetics and higher intrinsic activity. Overall, this time-efficient, low-cost, and scalable approach offers valuable
insights into structure chemistry performance relationships and provides a practical pathway for upgrading
commercial Ni foam into high-efficiency electrodes for alkaline water electrolysis.

Key Words : % 7]3}8} Zuj(Electrochemical Catalyst), & -3} ¥1-3-(water splitting reaction), 3 H-5-8}(surface engineering)
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Activation of N; on Carbon-Substituted Sulfur Vacancies in Nickel
Sulfide Electrocatalysts for Nitrogen Fixation

TaeYong An*, Dongin Choi*, Kiho Bae*, Uk Sim*****'
*Hydrogen Energy Technology Laboratory, Korea Institute of Energy Technology
(KENTECH), Naju 58330, Republic of Korea
**Research Institute, NEEL Sciences, INC., Naju 58326, Republic of Korea
#¥EQKKU Advanced Institute of Nanotechnology (SAINT), Sungkyunkwan University
(SKKU), Suwon 16419, Republic of Korea

Abstract : Ambient ammonia electrosynthesis via nitrogen reduction reaction (NRR) offers a sustainable alter-
native to the energy-intensive Haber-Bosch process, yet discriminating genuine catalytic activity from
experimental artifacts remains a critical bottleneck. This study uncovers the paradoxical dual role of thiourea
(TU), a common sulfur precursor, in shaping the NRR performance of nickel sulfide (NiS) catalysts. TU-derived
surface residues were found to simultaneously generate false-positive ammonia signals and genuinely promote
catalytic activity. TU-synthesized NiS exhibited an apparent ammonia yield of 86.91 +9.29 ug h'! cm? with a
Faradaic efficiency of 57.17 + 4.14%, yet rigorous controls revealed that a substantial fraction stemmed from
electrochemical reduction of residual surface thiocyanates. After excluding this artifactual contribution, the
catalyst retained an intrinsic yield of 52 + 5.57 ug h”' em?, far surpassing TU-free NiS (1.45 ug h'! cm?).
Theoretical calculations attribute this enhancement to reactive carbon sites (C*) generated in situ at sulfur
vacancies during residue reduction, which significantly lower the N, activation barrier owing to their reduced
valence electron count. These findings establish precursor-mediated surface doping as an effective strategy for
designing high-performance NRR electrocatalysts.

Key Words : Nitrogen Reduction Reaction, Nickel Sulfide, Nano-catalysts, Electrochemical medhod
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Single-Atom Cu Sites for Accelerated Iodine Redox in Zn—I, Batteries

Yoongu Lim*, Dongin Choi*, Kiho Bae*, Uk Sim**'
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Abstract : Aqueous zinc-iodine (Zn—12) batteries are attracting attention as next-generation energy storage
systems based on their excellent safety and economic feasibility. However, due to the slow iodine conversion
rate and the polyiodide shuttle effect, the electrochemical reaction efficiency and cyclability are limited. This
study attempted to address this problem by applying the Cu-N3@AC electrode, which contains a single-atom
copper (Cu) catalyst in activated carbon (AC). The Cu-N3 coordination structure serves as dual-functional
active sites that strongly immobilize iodine species and simultaneously promote reversible oxidation and
reduction reactions. As a result, the Cu-N3@AC electrode showed a high capacity 0of416.17 mAh g-1 at 5A g-1.
It maintained a capacity of 203.4 mAh g-1 and a Coulombic efficiency of 99.36% even after 30,000 cycles of a
high current density of 10 A g-1. This excellent performance is attributed to the Cu-N3 coordination structure,
which promotes charge transfer and effectively suppresses polyiodide diffusion. This study demonstrates that
electronic structure control of Cu-based single-atom catalysts plays a key role in improving the speed and
stability of iodine conversion reactions and provides practical design guidelines for the development of a high
capacity and stable Zn—12 battery.

Key Words : % 7|3}8} Zufj(Electrochemical Catalyst), & 2 = ¥HZH(lodine Conversion), <=4 71 X](Aqueous Battery)
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Electrochemical Toolkits for Versatile Chemical Transformations

Kyoungsuk Jin*"
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Abstract : Over several decades, electrochemistry has played an imperative role in synthetic chemistry. Starting
from the Kolbe reaction, developed in 1848, a lot of effort has been devoted to synthesizing target products with
the use of electrochemistry. However, although electrochemical organic synthesis can be driven with environ-
mentally-friendly sources of electricity, only a small number of commodity chemicals have been produced via
electrochemical reactions; namely, anthraquinone, some perfluorinated hydrocarbons (PFCs), and adiponitrile, a
key intermediate for the polymer Nylon 6,6. Most research into these synthetic approaches is just at the
laboratory or pilot scale. The fact that such minimal attention has been paid to the commercialization of these
methods has been attributed to high energy costs due to the required large overpotential values and poor
selectivity toward desired products. In this regard, we should focus on addressing challenging electro-organic
synthesis problems through engineering efficient catalysts and gaining a deeper understanding of reaction
mechanisms on those catalysts. In this talk, I will present our recent studies about electro-organic synthesis.

Key Words : 8-7] 47|84 (electro-organic synthesis), 7] Zu}] (Electrocatalysis), 21 7]3}8} (Electrochemistry)
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Development of Solar-Assited Liquid Desiccant-Direct Evaporative
Cooling Packaged System for Bus Shelters to Mitigate Urban Heat
Island
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Key Words : Liquid desiccant dehumidification, Direct evaporative cooling, Urban heat island mitigation), Prefabricated
modular system, Solar thermal energy
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Interface-Selective Decapsulation of End-of-Life c-Si Photovoltaic
Modules Using a Limonene Biphasic Solvent

LZIIMT, olsHA™

Junkee Kim*', Hae—Seok Lee**
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Abstract : The accelerating accumulation of end-of-life (EoL) crystalline-silicon (c-Si) photovoltaic (PV) modules
has emerged as a critical energy—environment convergence challenge. Conventional recycling approaches relying
on high-temperature pyrolysis or caustic wet etching inevitably compromise either material integrity or process
sustainability, underscoring the urgent need for interface-directed, low-damage separation strategies.
To address this gap, we present a novel limonene-based biphasic solvent system that achieves component-level
decapsulation of glass, Si cells, and metals (Ag/Cu/Al) at the interface level without bulk polymer degradation
or metallic corrosion. The biphasic bath operates through cooperative dual-phase action: the limonene
continuous phase induces viscoelastic swelling of ethylene-vinyl acetate (EVA), reducing interfacial debonding
resistance, while a dispersed micro-aqueous phase (0.1-0.3 wt%, Karl Fischer basis; pH 8.5-9.2, carbonate-
buffered) drives localized hydrolysis of glassTEVA Si—O-Si siloxane linkages while preserving the bulk C-C
crosslinked network. Under optimized operating conditions (60-90°C, 40 kHz ultrasound, 50% duty cycle),
interfacial peel loads were reduced to <1.0 N cm™ (glass-EVA, 90° geometry) and <0.25 N cm™” (EVA-
backsheet, T-peel), with gel-fraction deviation maintained within £3 percentage points, confirming interface-
selective weakening over bulk degradation. Process selectivity was rigorously validated through WCA/OWRK
surface-energy analysis, hexadecane contact angle (6_hex), ATR-FTIR/XPS interfacial chemistry characteri-
zation, and closed-loop solvent distillation—reuse cycles with confirmed mass balance closure.
The recovered fractions are directly compatible with established electrowinning/electrorefining pathways,
enabling downstream high-purity Si (> 98 wt%) and Ag (>99% recovery, ~99.4% purity) production. This work
establishes a quantitative, scalable framework for interface-directed PV recycling, offering a mechanistically
grounded alternative to thermochemical decapsulation and a standardized metrological basis for industrial
technology transfer.

Key Words : End-of-life photovoltaics, Interface-selective decapsulation, Limonene biphasic bath solvent, Carbonate

micro-aqueous phase, Peel mechanics
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STATCOM Modeling for Low Voltage Ride-Through Enhancement
of Large-Scale Solar PV Plants Connected to Weak Grids
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7153 STATCOM(Static Synchronous Compensator) 14| @S A A 5111, kA5 EAJS U3 Al &4
o)A 3H74-& =514t RMS(Root Mean Square) 7|5F A A E |4 2 1321 PSS/E (Power System
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#5191

Key Words : °FA|%(Weak Grid), o1 €} 9F33 ©h%](Large-scale Solar PV Plants), LVRT(Low Voltage Ride-Through),
STATCOM(Static Synchronous Compensator)
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Analysis of Power Flow and DC-Link Voltage Characteristics in a
VSC-Based AC/DC Hybrid Power System with Photovoltaic
Integration

B A* HES*T
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el eta 7] 4R

Abstract : = A31= A g AW E](Voltage Source Converter, VSC)E 7|4 2 $F AC/DC slo| B 2| = A
A5l A = 3 (Photovoltaic, PV) T ¢S QAT A2 et A| A”S RS stal, PV &80
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Key Words : Elj 9F33 9F2] (Photovoltaic System), AC/DC &}o] H.2] = A% (AC/DC Hybrid Power System), A& 7 H
EJ(VSC), tf} A8 3=2(MPPT), DC & = A (DC-Link Voltage)
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Modeling and Characteristic Analysis of HVDC/MVDC-Based
Transmission Systems for Grid Integration of Photovoltaic Generation
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Abstract : 222 4450 2] 5 Sk ol whet chef e A9 Qg A AF AL P e 54
/19l B o] 3160 SUck 591 A Sl ke 0 49 ol 248 Aofod s 487 ol 5
£79) 212 A §13F HVDC 2 MVDC 7|4 57 $419] 21§ 18 4o] Z7}aha1 ik, 2 Ao
L gjoF vl A 91 0] Al E A2 B2 0 2 PSSRE 317 oﬂ SC-HVDC 7|4} VSCDCT 298 +-4-5}0]
HVDC 5 MVDC 41 412280 98 218 7154 24ataleh a9l A aalg ol ooy
WA o] AFO R AE L ol A9 AL B4 DAY AZ B4 vl B ek HVDC
N 1] 0 o1 A2 AT S 5 A4l Ael AT A A S, MVDC A
e A A Sl A) BAk T A 0] AE 4 Aol kAl TAS Bhelst
gieh. 2 91 Ak oy WA el A 917 2 57 A e 2710 thE HVDC 2 MVDC 44 4] 2]
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Key Words : €954 2H4 (Photovoltaic), HVDC, MVDC, A% AA|(Grid integration), &7 2] <% (Long-distance
transmission)
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Precursor Sequence—Engineered Molecular Inks Enabling Improved
Cation Disorder in AgBiS, Solar Cells

ME|* o|CtE™, ZpEP* BiEM***
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Abstract : Silver bismuth sulfide (AgBiS,) is a promising, non-toxic, and earth-abundant photoabsorber with a
suitable bandgap for sustainable photovoltaic applications. Optimizing the film quality and device performance
of solution-processed AgBiS, solar cells requires a thorough understanding of solvent-precursor interactions
within the precursor chemistry. In this study, we systematically investigate the coordination behavior in the
Bi(NOs);-5SH,O-thiourea-DMSO-AgNO; system, with a particular focus on precursor sequence engineering.
Spectroscopic analysis reveals that the dynamic coordination environment strongly governs nucleation and
growth during film formation.While the coordination between thiourea and metal ions is well established, we
report for the first time the coordination of dimethyl sulfoxide (DMSO) with metal ions in this precursor system
and elucidate its influence on film formation and photovoltaic performance. Introducing Ag*ions prior to Bi**
ions (Sequence 2) promotes homogeneous cation disorder, suppresses excessive Bi—S coordination, and leads to
improved film morphology compared to the Bi**-first addition approach (Sequence 1), which results in inferior
optoelectronic properties. This controlled coordination balance facilitates more uniform crystallization and
reduced defect formation in the AgBiS, films.Devices fabricated using Sequence 2 achieve a power conversion
efficiency (PCE) of 2.11%, significantly outperforming the 1.12% PCE obtained from Sequence 1, accom-
panied by enhanced current density and more efficient charge transport. These results highlight the critical role
of solvent coordination modulated by precursor mixing order as a key design parameter for achieving
high-quality films and improved performance in solution-processed metal chalcogenide and halide photovoltaic
systems, providing a general strategy applicable to other molecular ink-based photovoltaic materials.

Key Words : AgBis2, solutoin
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Achieving Over 390mV Open-Circuit Voltage in Co-sputtered AgBiS,
Thin-Film Solar Cells via Substrate Heating
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Abstract : In this study, the absorber layer of AgBiS; solar cells was fabricated using a co-sputtering process
combined with substrate heating. The co-sputtering process is advantageous for mitigating localized atomic
composition inhomogeneity, and since the process occurs in a vacuum environment, it enables the formation of
relatively high-purity thin films. Substrate heating can contribute to reducing grain size increase and
composition deviation during thin film growth. The AgBiS, solar cells fabricated by this process exhibited a
relatively high open-circuit voltage (Voc), and the grain size of the absorber layer was observed to be in the
range of approximately 300-400 nm. Furthermore, EDS analysis confirmed an Ag:Bi:S ratio of approximately
28:28:42, verifying the formation of a film with reduced compositional variation. These results demonstrate the
feasibility of fabricating AgBiS, absorber layers under co-sputtering and substrate heating conditions,
suggesting potential for efficiency enhancement through further optimization of process parameters and device
structure control.

Key Words : AgBiS; Solar cell(E]] %F4 X)), Substrate heating(7]%7}4), Co-Sputtering(Z3- Z=ZHH)
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Al-Based Automated Measurement System for Screen-Printed Solar
Cell Electrodes
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Comparative Investigation of Proton Radiation Resilience in
Ultra-wide-bandgap Perovskites with PDAIL,, EDAIL, and PEAI for
Space Applications
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Abstract : Ultra-wide-bandgap (UWBG) perovskites have attracted significant attention as promising
candidates for space photovoltaic applications due to their high specific power and lightweight characteristics.
However, Br-rich compositions suffer from severe structural and electronic instabilities in high-energy radiation
environments. Although proton-induced mitigation of organic cation damage using propane-1,3-diammonium
iodide (PDALI,) has recently been reported, systematic comparative studies on the radiation resilience of diverse
passivation molecules, such as ethane-1,2-diammonium iodide (EDAL) and phenethylammonium iodide
(PEAI), remain scarce.

In this study, we incorporate PDAI,, EDAL, and PEAI into ~1.8 eV UWBG perovskite thin films and
systematically compare their structural, chemical, and electronic responses before and after proton irradiation.
As a result, PDAltreated films maintained structural, chemical, and electronic stability under irradiation,
whereas EDAIL- and PEAI based films exhibited pronounced degradation accompanied by organic cation loss,
halide ion migration, and phase instability. The superior radiation resilience is attributed to the bifunctional
ammonium groups in PDAI, that strongly anchor to the Pb-I framework, thereby suppressing organic cation
loss and halide migration. In contrast, EDAI, provides limited bulk stabilization due to its short molecular
backbone, while PEAI predominantly forms surface-confined passivation layers, failing to suppress bulk ionic
degradation.

Key Words : Ultra-wide-bandgap, Perovskite, radiation resilience, space applications
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Empirical Validation of the Risk Prioritization Model of Photovoltaic
Systems
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Compositional Engineering of AgBiS, Thin Films via Sequential
Bi,S3;/Ag,S Sputtering and Sulfurization
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Abstract : AgBiS2 has attracted attention as an environmentally benign semiconductor composed of non-toxic
elements, exhibiting a bandgap and a high optical absorption coefficient. However, difficulties in composition
control and film-to-film variability have been repeatedly reported as factors limiting the reproducibility of
AgBiS2 based solar cell performance. In this study, a sputtering-based fabrication approach was employed to
improve compositional uniformity and process reproducibility of AgBiS2 thin films. Ag-Bi-S stacked layers
were prepared via sequential sputter deposition using Bi2S3 and Ag2S targets. The Ag:Bi ratio was system-
atically adjusted by varying the deposition sequence, individual layer deposition times, and substrate
temperature. This process strategy enables an expanded compositional control window compared to
conventional single-step deposition routes. Post-deposition sulfurization was subsequently carried out in a tube
furnace to promote elemental redistribution and phase formation within the films. Depending on the
sulfurization conditions, compositional inhomogeneity originating from the stacked structure was alleviated,
accompanied by grain growth and enhanced crystallinity of the AgBiS2 absorber layers. The resulting films
were incorporated into solar cell devices with an NIP architecture, and their photovoltaic characteristics were
analyzed as a function of processing conditions. Variations in open-circuit voltage (Voc) and short-circuit
current density (Jsc) were observed to correlate with changes in film composition and crystallinity. Structural,
chemical, and optical properties of the films were examined using X-ray diffraction (XRD), scanning electron
microscopy with energy-dispersive spectroscopy (SEM-EDS), X-ray photoelectron spectroscopy (XPS), and
UV-visible spectroscopy. These results indicate that sputtering-derived AgBiS2 thin films offer a viable
absorber platform for thin-film solar cell applications where process reproducibility is required.

Key Words : AgBiS2 Thin film, Sputtering, Stack layers, Sulfurization
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Optimization of Electrowinning-Based Lead (Pb) Recovery from
Waste Perovskite Solar Cells
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Abstract : While tandem solar cells are rapidly approaching commercialization, research on their end-of-life
(EoL) management remains insufficient. This lack of recycling technology is a critical barrier to a sustainable
solar industry, particularly regarding the environmental and health risks posed by lead (Pb) in perovskite layers.
This study proposes an integrated recovery process using nitric acid (HNO;) as an oxidative lixiviant to leach
lead iodide (Pbl,) into a lead nitrate (Pb(NOs),) solution, followed by lead reclamation via electrowinning.
During the electrowinning stage, low pH levels were found to exacerbate the parasitic hydrogen evolution
reaction (HER) at the cathode, significantly degrading current efficiency. To mitigate this, the electrolyte pH
and applied voltage were systematically modulated to optimize the recovery yield. Furthermore, the influence of
various electrode substrates;SUS 304, Titanium (Ti), and Dimensionally Stable Anodes (DSA) on the
deposition behavior was investigated. Our results indicate that the oxidation state of the recovered lead is highly
substrate-dependent, forming either lead(Il) oxide (PbO) or lead(IV) oxide (PbO,). From a techno-economic
perspective, the formation of Pb*" (PbO;) is unfavorable as it requires an additional reduction step for resyn-
thesis into the Pb*" precursor (Pbl,). Consequently, this research identified specific electrode combinations to
suppress PbO2 and facilitate the selective recovery of PbO. The reclaimed PbO can be readily converted back
into high-purity Pbl,, establishing a closed-loop resource ecosystem for the next-generation perovskite solar
industry.

Key Words : 53| 2 B A 7}o| E g} 94 ] (waste perovskite solar cells), 'F 3]~ 5" (lead recovery process), % 3f| 2H 3
(electrowinning), PbO, pH, PbI2
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Optimization of nc-Si:H Layers for High Efficiency Silicon
Heterojunction Solar Cells
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Abstract : Silicon heterojunction (SHJ) solar cells are noted for high open-circuit voltage (Vo) and energy
conversion efficiency. However, the parasitic absorption and high resistance of the p-a-Si:H layer remain
challenges that limit J and FF. In this study, p-a-Si was replaced with p-nc-Si, which offers superior
transmittance and electrical conductivity. Using PECVD, the H,/SiH, gas ratio was systematically varied to
control the phase transition. Raman spectroscopy confirmed that increasing H, dilution beyond a critical
threshold significantly promotes silicon nanocrystal formation and increases X.. While high H, dilution can
cause plasma damage and lower V., the deposition process was meticulously optimized. QSSPC measurements
verified that the implied V.. was maintained without degradation. The optimized p-nc-Si layer exhibits superior
electrical resistivity compared to conventional p-a-Si, providing a significant enhancement in overall solar cell
efficiency.

Key Words : Silicon heterojunction (SHJ), Nanocrystalline silicon (nc-Si:H), Raman spectroscopy.
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Interfacial Molecular Design for High-Efficiency Inverted
Wide-Bandgap Perovskite Solar Cells
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Abstract : Wide-bandgap (WBG) perovskite solar cells with bandgaps in the range of 1.6-1.7 eV were
developed using an ITO/Me-4PACz/PDAIL/C60/BCP/Ag architecture. Device performance was improved by
implementing molecular-level interface control at both the hole-selective contact and the perovskite/electron
transport layer (ETL) junction.

The Me-4PACz self-assembled monolayer establishes strong phosphonate—metal interactions with the ITO
surface, leading to favorable energy level alignment and promoting homogeneous nucleation and growth of the
perovskite layer. Meanwhile, propane-1,3-diammonium iodide (PDAI,) was incorporated at the perovskite/ETL
interface to passivate defects, particularly at grain boundaries, thereby reducing nonradiative recombination
pathways.

Through this interfacial molecular strategy, the optimized device exhibited a power conversion efficiency (PCE)
of 20.7% with a 1.68 eV bandgap absorber. The performance enhancement is mainly attributed to improved
crystalline quality of the perovskite film and suppressed interfacial recombination, highlighting the effective-
ness of molecular interface engineering in achieving high-efficiency and stable inverted WBG perovskite solar
cells.

Key Words : Wide-bandgap, P-i-n structure, Perovskite, Me-4PACz, 4PADCB
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Effect of Hydrogen Concentration in PECVD SiNx:H Layer on
poly-Si Passivation and Blister Formation in TOPCon Solar Cells
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Abstract : This research explores how the hydrogen concentration within the SiNx:H passivation layer
influences the structural and electrical properties of the rear poly-Si passivating contact in TOPCon solar cell.
To modulate the initial hydrogen incorporation, SiNx:H films were grown via PECVD across a temperature
range of 350°C to 530°C. Subsequent firing processes induced blister formation, the morphological charac-
teristics of which were systematically evaluated to determine their detrimental effects on overall device
efficiency. The microstructural evolution and topography of these blisters were characterized utilizing optical
microscopy, SEM and AFM. Furthermore, electrical performance, specifically carrier lifetime and contact
resistivity, was quantified through QSSPC and TLM analyses. Moreover, FT-IR and exodiffusion measurements
were applied to monitor the dynamics of hydrogen bonding states and out-diffusion kinetics pre- and post-firing.
Ultimately, these findings elucidate the critical role of SiNx-derived hydrogen management in optimizing the
passivation efficacy and mitigating physically induced degradation in TOPCon.

Key Words : 3} A]H| o] A (passivationr), 7] (blister), &= *]3} (contact resistace), A1 2] 2 3}k(Silicon nitride)
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Nanoscale Evaluation of MAPbBr; Single Crystals from Different
Crystallinity for Photodetectors
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Abstract : Metal halide perovskites, particularly methylammonium lead bromide (MAPbBr3), have attracted
significant attention due to their excellent optoelectronic properties, making them promising candidates for
photodetector applications. Among various forms, MAPbBr; single crystals (SCs) offer superior charge
transport and reduced defect density compared to their polycrystalline counterparts.

In this study, we synthesized MAPbBr3 SCs using different approaches: (1) conventional solution growth and
(2) low-temperature-assisted crystallization. To evaluate the optoelectronic performance, photodetectors were
fabricated under identical conditions using each type of crystal, with Au/Cr electrodes deposited via thermal
evaporation. The device based on high-quality SCs demonstrated a photocurrent approximately three times
higher than that of the conventionally grown counterpart, as shown by the On/Off current ratio. To investigate
the origin of this performance difference, we performed nanoscale characterization using electrostatic force
microscopy (EFM) and Kelvin probe force microscopy (KPFM), which revealed notable differences in charge
carrier distribution and surface photovoltages. In addition, X-ray diffraction (XRD) analysis confirmed
improved crystallinity and reduced lattice disorder in the low-temperature-grown crystals, supporting the
observed enhancements in device performance.

Key Words : 337 % 7](Photodetectors), T2 A &afo| = o 2 B A 7}0] E (Metal halide single crystals perovskite), L=
27| Y E-4](Nanoscale evaluation), 33HF-3-(Photoresponse), 337 (Photocurrent)
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Minimization of Sputter Damage during Deposition of Transparent
Conductive Oxides for Silicon Heterojunction Solar Cells Using a
Triode Plasma

OIMS* EX|2* RUS* HAEH™ L5|2% @FS*T ypEHT
Jeong—Ho An*, Ji—Eun Hong*, Yimhyun Jo*, Kyung Taek Jeong™*
Hee—eun Song™*, Joon—Ho Oh*', Ka—Hyun Kim***'
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Abstract : Transparent conducting oxides (TCOs) are integral to various optoelectronic devices applications
including carrier-selective passivating contacts solar cells, owing to their exceptional properties of transparency
and conductivity. Conventional deposition methods using diode-configured sputtering often result in sputter
damage, adversely affecting the surface passivation quality of a-Si:H/c-Si silicon heterojunction (SHJ) solar
cells. This damage arises from the bombardment of highly energetic oxygen ions, leading to partial irreversible
degradation, even after thermal annealing. In this presentation, we propose a triode plasma configuration that
incorporates a mesh electrode into the conventional diode-configured sputtering system. This setup significantly
mitigates the oxygen ion bombardment, thereby considerably reducing effective carrier lifetime degradation of
SHIJ from 96% with conventional diode configuration to only 7% with triode configuration with negative bias
on the mesh electrode. In this presentation, we compare conventional diode-configured sputtering of Sn-doped
indium oxide (ITO) with our triode-configured approach, where a negatively biased mesh electrode effectively
minimizes the O- ion bombardment effects. Our findings show that ITO films deposited using the triode
configuration exhibit higher carrier mobilities, higher refractive indices, and lower extinction coefficients.
Additionally, the suppression of oxygen ion bombardment is manifested in a change in the preferred crystal
orientation of the ITO films from the (400) plane to the (222) plane.

Key Words : Crystalline silicon solar cells (242 Ala]& gk A)), silicon heterojunction (Ag]E o]&A3}),
transparent conductive oxide (¢ A = AAAISHE,), sputter damage (2~ ¥ ¢ u] X))
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Performance Enhancement of Flexible Cigs Thin Film Solar Cells by
Temperature Stability

o * x| S4* *
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Sungmin Youn*, Chi—hyoung Lee*, Min—Joon Park*'
AT AT YA Y= TIE

Abstract : Culnl-xGaxSe2 thin films solar cells reaching as high as 23.4 % efficiency have attracted attention
as promising solar cells due to their high performance, flexibility, light-weight modules for BIPV, MIPV, etc.
There is a gap (~3 %) of CIGS solar cells, depending on the substrate type, e.g., a soda-lime glass (SLG) and
stainless steel (STS). Because of the diffusion of impurities and the absence of alkali elements, the efficiency
decrease is inevitable. Although there is a lot of research to solve these problems, the efficiency difference has
not been reduced even when the solutions are applied. This phenomenon implies that there is another problem
with the degradation of efficiency, depending on substrates.

To enhance the performance of CIGS thin films on STS, we verified the temperature profile of the STS
substrate, using a pyrometer to compare the temperature profile of the CIGS on STS to another. It took a long
time to reach the thermal stability with the set value of the SiC heater in the 2nd stage, which suggests that at the
early 2nd, deposition temperature is lower than set temperature so that the plenty of ODC phase like the intrinsic
defects might be generated in the CIGS on STS [1]. In order to solve this problem, we set the higher temperature
of SiC heater to increase the STS’s temperature rapidly, and then the set value was adjusted slightly decreasing
to reach the stability.

Key Words : Thin films, Solar cells, Flexible substrates, Energy conversion, Temperature stability
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Ultra-Lightweight Solar Cell Fabrication Technology for Space
Photovoltaic Modules

& dlol*, EOHE* geE* 0|88k
Jun Ryu*, Yerang Park, Da Young Kwon, Nochang Park*, Yonghwan Lee*'
S AZ 7| AT A A A HATE

Abstract : Z8F(<100 um) BfFHA] A = 7= 24 58 HEF L' LES AT A 7]k
&2 o] AZILH B Ao A= #4 7|4k vke] 7| < (crack-assisted layer transfer)2 ©]-85}o] ThA A Hie
A 713e] ol g aH of| A WA= A & S (kerf-loss) 2 | A2}sHHA] 7 100 pm ©]3}12] Zukgy
WHER] 71 e AAE 4 9 24§ 718 A E 718 AN g A 29 7 2e) 7142 5
5} A7} 10-80 um 912 Aol 2ukg % whEA] ol TS AR H O A2 5 U4SS Telal
it gt A2 29t whe ) glolwe] 2 54 B AT AT AN 8, e 2o
£A) 7S BT AL HUA A% 154 S FEel T 2 AT ATRs B 978 27
el A D Hlelt 25 P ES 913 94 71 7142 948 Ao vlgHch,

Key Words : 253 g} 9FA 2] (Ultra-thin solar cells), <& 7|4t ¥+2] 7]< (Crack-assisted layer transfer), &
A 717 (Ultra-lightweight semiconductor substrate), -2-5=-8 €] %54 Z] (Space solar cells), $-F=& g3

X% (Space photovoltaic modules)
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Low-Carbon Recycling and Green Hydrogen Production Technology
Using End-of-Life Photovoltaic Modules

Hiof|lah*, RE* FCIE* g o|st!
Yerang Park*, Jun Ryu*, Da Young Kwon*, Nochang Park*, Yonghwan Lee*'
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Abstract : A 2| 7|0 B RES A A A o2 ZaFo]al 8 X13HA Rl o | A] ek rje= e
A= AL ATt 019’]'6]—7/41,'1‘ o% ohet Hl g el A A % TR IR He 2 gk &
A HEHSE e H Goto] thFet FEi o] A E LS o e AlLES Albetoh A 2
o, AZ-Ed EH%':%E ' 600nmﬂr%°ﬂ*ﬂ °F 92%2] YA E TE‘I“O}’O:] TACTHA =8 A A7,
olF & ofyA= HEke = Q%I ERL, 40mm x 40mm F7] 9] AH&-E HES o] 87 B4 WA
(TEG) 7]¥F slo] B8] = ZFx|7} 1 sun ZAHAML.SG) 2704 2| 2.14 mWe] A& TS Sl
th. 2o, o] shol He| = A= e s Al 4LF 5 DC/DC HAHEE EOLE}O% Q-2 glol A
A I S AN = dee AT £ AT HE S BEe vEE A o | A Al
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Key Words : #| g 2F34 &1 &<(end-of-life photovoltaic module), 334> (solar absorber), solar-thermal conversion(3%-<&
A%}, =4 Ay AHhydrogen generation)
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Electrode Design for High-Performance and Low-Ag Consumption
Zero-Busbar (ZBB) Photovoltaic Modules
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Unsoo Kim**
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Abstract : F 43t | BEL] Ko met g kg Fofe] 2 8= 2 109 71 289.3%7F 5718
o, 2 717k & 7HE2 100%7}F 5718kt 71eha A o2 F7kehe elobd Bawe] Skl o
stal, B4 = 717F 53 LA Q= Bl g Aol A 7HE A Y S B8l AR-eS FEE] sl = 2

dro] Fapzo|t)h 2 AR (mg/ W)= HAZ o2 gjokxz] Ao [ tzjql Ul
AT o] ~E9] Ao JFS whon, & AAME BE A2HS gt A= tARIE =a5H] HeAle
A5 gArlo] wE & ARgF 9 A &8 Al4LS =35 o] B ot £ Atoll A= A= HAkel
of w2 £AE F4(loss analysis)E 53l Al 83} & AMEEFE Al4lste] 2 FHOR & AMEEFS
mg/W o5} e Fg HES AR 4= o= A5 HARRlS AAIg A4 S Foll = A7 e
RS A &2 A, 22 A7, BA AF AA N g 7S Al

Key Words : -2 #ZH(Low-Ag consumption), A=+ “d7|(Electrode design), A]Ed|©]4(Simulation), Ej%% T &
(Photovoltaic Module)
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Surface Modification of Silicon Heterojunction Solar Cells via
Acid-assisted Wet Etching Process

X ZRZI* ALY QoK% O|ME[* REILF HYEH L35|2*
Hyungwoo Kim*', Yongjin Kim*, Unsoo Kim*, Yunae Cho*, Sang Hee Lee*,

Junsu Yoo*, Kyung Taek Jeong®, Hee—Eun Song*
*ohatof U 2] 7] & A Hl g

Abstract : Tandem solar cells have emerged as a key technology for next-generation photovoltaics,
demonstrating power conversion efficiencies (PCEs) that surpass the theoretical limit of single-junction
crystalline silicon solar cells. Among them, perovskite/silicon tandem solar cells have achieved remarkable
PCEs of up to 34.9%. A widely studied configuration is the 2-terminal structure, which integrates a
bandgap-tuned perovskite solar cell with a silicon heterojunction (SHJ) cell in a p-i-n architecture. For optimal
device performance, precise control over the interfacial morphology between the two sub-cells is crucial. In this
work, we modulated the surface morphology of silicon solar cells through wet chemical processes using nitric
acid, acetic acid, and hydrofluoric acid, enabling control over surface features such as size and roughness. This
surface engineering significantly improved the electrical properties of the stacked layers, including amorphous
silicon (a-Si:H) and transparent conducting oxides (TCOs). Our results not only enhance the efficiency of
silicon bottom cells, but also suggest the enormous potential of surface engineering to drive significant
performance improvements in perovskite/silicon tandem solar cells.

Key Words : 0|23} €] oF2] X](Heterojunction solar cells), H]ZA% A&]Z(Amorphous silicon), Hfo]aZR1LZ
(Micro-structure), AFH 2 4541 A Z}F(Acid-assisted wet etching)
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PIN Structured AgBiS; Solar Cells Fabricated at <100C via
Thermal Evaporation

C.

FQIE*, GrEArT
Minho Choi*, Jongsung Park*"
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Abstract . Low-temperature processing of lead-free thin-film photovoltaics is essential for enabling flexible and
lightweight energy-harvesting technologies with lower environmental burden. Here, we present the first AgBiS,
PIN solar cells based on MeO-2PACz as the hole-selective contact, fabricated by direct thermal evaporation of
Ag, Bi, and S. Through in-situ sulfur deposition during film growth, sulfurization-free processing is achieved,
allowing stable phase formation at only 100 °C, well below the temperatures generally required for conventional
AgBiS; thin-film fabrication. The best device achieves a Jsc of 29.38 mA em?, a Voc of 282 mV, and a PCE of
4.15%. This low-temperature evaporation approach not only streamlines the fabrication process but also
provides a viable and scalable platform for flexible, stable, and efficient lead-free chalcogenide solar cells.

Key Words : AgBiS,, Low-temperature, PIN, Sulfurization-free, Thermal evaporation
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An Analysis of Fill Factor Loss Depending on the Temperature for
the Crystalline Silicon Solar Cells

O|AtEI*T | &35|2* HZEH*
Sang Hee Lee*", Hee—eun Song*, Kyung Taek Jeong*
el 1 P g et B I o e

Abstract : Since the temperature of a PV module is not consistent as it was estimated at a standard test
condition, the thermal stability of the solar cell parameters determines the temperature dependence of the PV
module. Fill factor loss analysis of crystalline silicon solar cell is one of the most efficient methods to diagnose
the dominant problem, accurately. In this study, the fill factor analysis method and the double-diode model of a
solar cell was applied to analyze the effect of Jo1, Joo, R, and Ry, on the fill factor in details. The temperature
dependence of the parameters was compared through the passivated emitter rear cell (PERC) of the industrial
scale solar cells. As a result of analysis, PERC cells showed different temperature dependence for the fill factor
loss of the Jo; and Jy; as temperatures rose. In addition, we confirmed that fill factor loss from the Jo; and Jo, at
elevated temperature depends on the initial state of the solar cells. The verification of the fill factor loss analysis
was conducted by comparing to the fitting results of the injection dependent-carrier lifetime.

Key Words : Fill factor &4 24 (Fill factor loss analysis), ©]% t}o] 2 = 2 @ (Double diode model), PERC(PERC), &
= 9]Z % (Temperature dependence), A} 2%} 75 & T (Recombination current density)
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PV Module Technology for Low-carbon Circular Economy
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Young Joo Eo*, Soohyun Bae*, Kyung—Soo Kim*,

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

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

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

Key Words : Renewable energy, Carbon neutrality, PV Module
" Corresponding author, E-mail: ghkang(@kier.re.kr
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Analysis of Power Generation Characteristics of a Vertical Agrivoltaic
System under 180-Degree Rotary Variable Operation
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Key Words : @723k E4 (Power Generation Characteristics), 5~2] %53 €| %% (Vertical Agrivoltaic System), 180
3] % 24 (180-Degree Rotary Operation), %3 W& (Bifacial Module), Z1AF F A} (Simulation)
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Review of Structural Stability and Foundation Design for
Constructing a Vertical Agrivoltaic Demonstration Site
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Key Words : S-% Q1A (Structural Stability), 7] % 44| (Foundation Design), & 2] Z 1< (Helical Pile), $~2] 453
Ej oF34 (Vertical Agrivoltaic System), === 3} 4] (Structural Analysis)
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Design of a 180-Degree Rotary Variable Vertical Agrivoltaic System
for Improving Crop Productivity and Power Generation
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Key Words : <=2] 953 ejoF3 (Vertical Agrivoltaic System), 180%= 3] 7} (180-Degree Rotary Variable
System), A] 2~8l A A (System Design), 234 # 7} (Shading Reduction), 25 R 4F4] (Crop Productivity)
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Assessment of the Environmental and Economic Effects of On-site
Recycling for End-of-Life Modules
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Key Words : El|%F33 53 'd (End od Life Photovoltaic Modules), &% 2] &-8(On-site Recycling), EtA48]& A7 274
(Low Carbon PV Module’s Recycling Process), ©]54] 2} 2-& #| 2](Mobile Recycling Process),
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Self-Powered Wireless Sensor System Using a Thermoelectric
Generator for Photovoltaic Module Monitoring

HCHE* B R 0|8t
Dayoung Kwon*, Nochang Park*, Yonghwan Lee*'
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Abstract . Real-time monitoring systems are essential for the efficient operation and maintenance of photovol-
taic (PV) modules. In this study, we propose a self-powered wireless sensor system that utilizes a thermoelectric
generator (TEG) to convert residual thermal energy from PV modules into electrical power. By integrating the
TEG with a heat sink and coupling it with the PV module, we achieved a maximum output power of 0.981 mW
under 1 sun conditions, successfully powering a microcontroller, infrared temperature sensor, and Bluetooth
communication module. This system enables real-time wireless transmission of PV module temperature data
without requiring an external power supply, reducing maintenance costs and eliminating the need for battery
replacements. Our findings introduce an innovative energy harvesting solution to enhance PV module
performance and highlight the potential for self-powered IoT sensor systems.

Key Words : 272 "= 3| (Monocrystalline Semiconductor), o€ (Cracking), 218 9] (Thin Wafer), 3374 7| s}3+2
Z] (Photoelectrochemical Cell), &2 3f|(Water-Splitting)
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Tailor-Made Buffer Materials:
Advancing Uniformity and Stability in Perovskite Solar Cells

Myeong In Kim*, Doyeong Yeo*, Ji—Youn Seo**, In Hwan Jung*'
“ereFrista 7 e getat, FrEAN St Ul g3 %5t at

Abstract : Along with the growing popularity of the p-i-n structure, bathocuproine (BCP) is increasingly
recognized as a crucial buffer layer between the electron transport layer and electrode with the role of mitigating
Schottky contact and enhancing performance. However, the chemical structure and role of its functional groups
have not been thoroughly elucidated. This study introduces a novel modification of BCP in perovskite solar
cells (PSCs) by altering functional groups to optimize their geometrical molecular structures and electronic
properties. The substitution of aromatic phenyl and p-tolyl groups to 2,9-position on the BCP is highly effective
in increasing the planarity of the conjugated backbone and protecting the reactive nitrogen atoms of the
phenanthroline core, thereby improving charge transport and device stability. Experimental analyses, including
electrostatic force microscopy, impedance spectroscopy, and photoluminescence, reveal that the modified BCP
significantly enhances charge transport, reduces recombination losses, and markedly improves the structural
stability of PSCs, leading to prolonged device lifetimes. The findings highlight the potential of structurally
optimized BCP derivatives as a critical component in advancing high-efficiency and durable PSCs.

Key Words : Perovskite solar cell, Tailor-made buffer materials, Bathocuproine, Functional group
"Corresponding author, E-mail: inhjung@hanyang.ac.kr
7|

This work was supported by the Technology Innovation Program (RS-2024-00422305) funded by the Ministry of Trade,
Industry and Energy (MOTIE, Korea).

0

<249+



20263 SHEENLOIUXISE] EASIELHIN5](2026.4.22.~2026.4.24.)

PVE-P-31

22 &34 ROMP 713 284 wiAlHe) 7|43 &4
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ROMP-Derived Polymer Binders with Balanced Mechanical
Robustness and Ion Transport for Silicon Anodes

AlE* olsp+ !
Cheol Shin*, In Hwan Jung*’
*qopryahn §7]0 2ot

Abstract : Lithium-ion batteries are widely used in portable devices, electric vehicles, and energy storage
systems because of their high energy density and long-term cycling stability. Silicon is regarded as a promising
anode material owing to its theoretical capacity (~ 3,579 mAh g™), which is close to ten times higher than
conventional graphite anodes. However, the volume expansion of silicon during lithiation process has hindered
the commercial application of silicon anodes and various polymeric binders have been investigated to solve this
problem. In this study, a novel polymer binder was synthesized by ring-opening metathesis polymerization
(ROMP) with functional groups on the side chain. We controlled the ratio of carboxylic acid to polyethylene
glycol to strike a balance between tensile strength and elongation, and identify an optimized point between ionic
transport and adhesion properties. As a result, the silicon anode with optimized ROMP-derived polymeric
binder showed a high discharge capacity of 2495 mAh g and superior cycling stability with a retention of
72.8% after 250 cycles. This result demonstrates that the ROMP-derived polymer has the strong potential as a
binder for silicon anodes by optimizing the mechanical and chemical characteristics.

Key Words : o] X] #]%} A]AEl(Energy storage system), 2]&-©]-2 7 X](Lithium-ion batteriy), 2] 2=(Silicon
Anode), ROMP(Ring-opening metathesis polymerization), 591 & (Binder)
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A Review on Electrical Safety Hazards of Vertical East-West Bifacial
Photovoltaic Systems

AN AUBO¥ QAR* ZIS|H* A
Sung—Koo Cho*", Chong Min Kim* Su—Jeong Oh*,

Hae—Gweon Kang*, Juhee Jang™
7| bAS A A7 A
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AL 14 17101 4ol 42 E1aTe ol i £ o 1eh 1
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r (
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A28 FASR Alo|2 7w
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71457)E(KEC, KESC )& 98 1] 744
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T BT AA o Ak 4 AAE AAIZ FBNPLAY %%%&ﬂmﬂ*ﬂiﬁdﬂﬂﬂﬁg
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Key Words : 9FH 3 €l 93 (Bifacial Photovoltaic), 4~2] 54| & (Vertical East-West), 12| = (High Albedo), €4
-Ad(Thermal Durability), 7] QF4 (Electrical Safety)
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Characterization of TPO Encapsulant for Low-Temperature
Lamination Process in Photovoltaic Modules

ZERE*, nigy ' Z2Esst
Tae—Hyung Kim*, Yongki Min*", Chung—Hyun Kim*
#A o] AR AR A A ALY R A E

Abstract 1 A|7F 2A3}e} 7| S T35 913 =8 i T sl = B WA o) Hgo] whEA| gf
T3 glow, o] A HES a8 ﬁ”:% Q5 71& 2 o]FHSHHIT, Heterojunction technology), |
B8 AL, 2 H A7 B/ P 'Y 59 7|40 —Zr HEa1 Qe o] 23t 7|52 ol vIzet
FRAARA B AU Aoz g Qlof, 7| 24 E A9 i i AL grylo]ld 374
o] @ tE . o] UJrEP 7] EVA $4 9] 112 7k #Xégit of-3-ofl eHAI7E 1 ow, A2 Aol A7t
St x| Ao thst E Q Al o] A|7| =31 Qlt}. 7|& EVA(Ethylene Vinyl Acetate) -] A= 43t 3 A3}
Ao r de] ALE AL o), A7) ARE Al obM| EAF A, R, 24 A= A T ok 41EA
EA7E BALE AL Qo B3 ZFulE 913 Bl A =2 ghu|do]d L7} g tE o, Xﬁ% 8 &
oA A|eFo] ERsl= Ao R HriEch A wvrtaw E7FAA EAS 2h= TPO(Thermoplastic
Polyolefin) & A A7} F-& 48 F&, 531 3l5h4 g, A2 34 A8 7He 84S v o= it
A= FEE gtk webs 2 Ao HE RE8 BAME de| AMEE= EVA 9 POE
(Polyolefin Elastomer)?} TPO B-X| A& thAtoz A ?J;%“(Gel content), &2} (Adhesion), EE I} =
(WVTR), ] =(Viscosity)ol| thsll 57 H 7}t

Jl)l'
CrE ooX

Key Words : TPO 5] R}(TPO encapsulant), #]-2 2}1]| 4] ©] 4 (Low-temperature lamination), 2 3+&(Gel content), 3 &}
& (Adhesion), = EE 7= (WVTR), A &= (Viscosity)
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Equivalent Circuit Model for Photovoltaic Cells Considering the
Resistance between Ribbon and Finger Electrode

Jong—gil Baek*, Hyung—Jun Song*'
R Bt R e s

Abstract : E|PRAI S AYAISE7] 918) AHGEIE S0 ARG A A & AHEIFO] 20% o] 4] v F-S
/]\_]__

A BHA] = A AT Q1 2 AAFFS] EA| = 20 714 9] o% 2 lsto] efjeFA A AAF Ao 24
o Ry staL Qi o] 23t & Xil—% sl ast7] 914, HV\H}E SFar B F A1 9] Finger =131} 2]420] uf
2 Avlelis 122 F|orsto] & AL 2 ASIA A7 :,L7} WY =] 1 Qi) o]of H Ao A=

ek 7] ©] Finger A =43} Ribbon A10]9] 23} E40] wreisl #7}@3 wEle 1F5)a o] & s]uro &
WA ool Nge ettt Gt 7120 sl shel 1] bl shel sdlel o
d 9 U A2 ho) malR A8 Stol 2]} Finger 15+0] HEH52) Agto] Aol w] X

r
O

F& A 2AG 22 A9} sl vhpo] A2 FHL7F A= H A 1%8 A5 AdS 5l ZX*OPL
ojof gh= S-S st & LlYe S A TR E e B ofd|o] T2 eHste] T
= A5 o on, 7|E A o 4ot EA H kgl JJHHH EFLR sf o] AfstH
< g upord o Qlok whebA 2 A9 Aits % 2 AMEE S017] Hdl HAnkr) e B A
oA 7HE QAR At o F7t g YA AEY o vA] s FFe wofste HUF =2 ARE
U= ALz o4

Key Words : €] %541 X|(Photovoltaic), 5713 = (Equivalent circuit), 8 7 %= (Finger electrode), 22 *]3} (Series
resistance)
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e AR HzEAslolE 3t AEst 2E 29
=4 uAE 93 2y
Analysis of the Impact of Perovskite Degradation Variability on
Output Characteristics of Tandem Solar Modules

HiO|*T ASZF ZIZQ* HHERAYY, HIMS* OfgHI* ZRHR*
Min—gyu Park*", Hyungjun Song*, Chungil Kim*, Taesang Bae*, Seohyun Park*,
Subin Lee*, Chanwoo Kim*

“A g3t okt Qb B ot
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Abstract : £ | A = 2] 23) 0] 2 8 AsLo| EE A ST FAS Fo) e W BjpAA ] B OAE T
2 gl AT AR BOFUAR FEWD Qlek. T A 71] Gt A Ko, 55 s EH AvtolE 4
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Key Words : €5 €l 9F 7 X (Tandem solar cell), 3| = B A 7}0] E & 3| (Perovskite degradation), & $}AFSE (Degradation variability), &4
QF(Reverse bias), H}-o] | AT}o] @ = (Bypass diode)
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A Study on Condition Grading Classification System for Photovoltaic
Modules

=k * * = * T
Uzsl*, AN, 4L, U

E3

ol

Ju—Hee Kim*, Jungmin Moon*, Yong Hyun Kim
k7|24 Alo]u X A AT

, Changheon Kim* '

Abstract @ B[ Qg Lm0 AL &8 A 25, F, A4l W 2 T TR 8 AEH 2 2419 ¢
3l Aal7t WA, olol= s A5tet oA ShA 9 A 22 b wAIE 4 ek

o =¥ BEO| AL U AT o2 gekely] 913k AAH A e B7} 7120 Bardo] Ftet
o]r,].

2 Aol A= Hd ZEL A B7HE Aol AEA A uA A AEE ST AH 55 5 AA
£ Altstiet. A dlo IEi%I-V 573 718k} 44714 whetn|E(Isc, Voe, Rs, Rsh )& &85+ /5 A
S-S H7kstaL, v HlolB= $HEAL ELIR 52 §8f -4 9l Wi+ 7:‘3‘% est= = S5k
ok E3h 2Eo) A% 79, e “‘ AAEE BEgst] flsf b Ag=o s

O
HFO 2 Failure Score A B 9-& 5510 s RS Aeko] 74 g2 W = A== AAH
gom, H4 Helo) wtet 2E A S Level ANER 533151l c)
Ak H o =7 AlAle= EH°*** B vpeftt Aot ST A 54& Whsto] AT s AskE Sl
B = sfglont Aikel S50} kol HE 4 ol g selakrt
—?Oﬂ/ﬂ AR B S Xﬂﬂl HgF w] AAE A DG HE AR AT Vo2 B8 7HsT
Dﬂ FH 1 oS L A= B7E e At dF H84de wd o dle AR T|dEn

Key Words : €] 95345 5 (Photovoltaic Module), A€ H 7}(Condition Assessment), 55 £(Grading Classification),
OFA 9l A 32]4>(Safety & Performance Index), 113 7 4>(Failure Score)
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Solar Cell Sorting Methods for Reducing Module Power Variation

e
Soohyun Bae*'

AR 7| & AT P AT
Abstract 1 25 b 7] 7] 420] WA of njet Blobe O] Zele AR} £l HES} £EOR $sHE
RS B0l 9LS. T A= B o)A HAsH Y A A% BAH Brbuls BE o) 29
A8 R, olol el YT Sl Aol Bl yeds) ol B HrE 2efol
& AYY RS Gl A/} A8 ddd Frolom W af W14 g2 7Y U F
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Key Words : 418 (Sorting), &}l %3 = E(Photovoltaic module)
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Leakage Current Analysis of Photovoltaic Modules

i3t
Soohyun Bae*'
“gaelu A 1A g

Abstract : 11219} 27 o A &8-F = B 9g 5o A4 2HAIS= Potential-Induced Degradation(PID) = =
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Key Words : 4 %1% (Leakage current), B}l 233 & (Photovoltaic module)
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Analysis of the Effects of Connector Tightening Defects and
Submersion Conditions on the Insulation Performance of Floating PV
systems

QAFT UBU, mYTX ZsHHY, HFEP
Su—Jeong Oh*", Chong—Min Kim*, Seong—Koo Cho*,

Hae—Gweon Kang*, Ju—Hee Jang*
*BLL A 7| oA LA} A 7| oFH ALY

Abstract : EF2 5% S 915 44 ok WA A BE Shdjo] wel, vy @ A4 5 1S
P4 bl 50t TR iR T olek B Ao A A Blok W Ao &
A2 ATo| A 2t Aipon 28T ) N9 H

A9, W% 5 BARY ghol A S AL EqawqqhqAEaiﬂia%@%ﬂé
PHA el B Ao ATSte] AR (AR A ALLE WAL 4 98-S AAR o]
3 A wl AR o3t s 9 ghd 192 STHAI R B olueh, A4 02 WA EE A5} U
A28 47 @] §1910] B 4= glrh. o] whe} £ i e i 44k BaFae] obd 2.9 $1) A
51 9he)o} A|E o] 4BHE AQkte, ol S F3) ot ol Y% 250 F a4 Shlshart.

Key Words : <=4}l 9F32(Floating Photovoltaic), B 9533 79 €] (PV Connector), | 2 2 3H(Tightening Defect), 2 A
“5(Insulation Performance), 2]~ 2= 71 (Submersion Condition)
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Thermal Characterization of DC Cable in Photovoltaic Systems Under
Various Installation Conditions

HFEM, LB, TN 24, Lt
Juhee Jang*', Chong Min Kim* Sung—Koo Cho*,

Su—Jeong Oh*, Hae—Gweon Kang™
oA 7| AL A 7P A

Abstract : Ej ok WA A H] o) MW 812 A o] A2 o]/ F7he| 1 ik, efoka S dule] 4
%) gapo] Z7hE ek WA M o] QP FARS 913k AEA 0] o] Fol Hrh. ]E Rol A eo
B u| ] BEY AF HA o] R o] 2|7 0.n DC Ao 2] A o] o, Tt Fol gt 34 917
Ao] =0] Ejolgith. DC 7] 20] o} 5 AFHE o] Eo] Atz WAYE 4 GIk. Alo] o] 4
w8} 9 5§ AR 3k ol o3 wroba 4 ik, whebAl, Bjo A Ak ] QLA BE-S 913 Alo]
2o A8 5§ AR Aol FAT FOE TRk & = To A= Aol 5 §HF AP
2 ol24 o2 YAt Aol AZHAe] BE Aol £H o] LES ABH o HS ol LA A
o] AL YRulTt el AFAn Aol ABHAL YE, Edjo], Edolo] WA} Gl
TR A G ES Edo] AT WA o] ME H AT B0 ME AL 0 2 ANHCE DAt
ol Edol M3t 414 7o) §lo] Edo] 71F 02 A gHrh & Aol €A gl Edo]
7% LE HAS B S18AF AP 244 Bt A B ol 2u B U Edo] 7|2
2} A1 371%8 A 2 BAE B E 3340 EY o] 141 TR ekt B3 24T A9 DAL HE
71% 854 WA, Edlo]7]E 151 %7 ebitth 51§ AR E S50 9L wom Qv g =
o Bl nr} Edjo] o B4 uebh A0 2 SholE gk, kA7 Edlo]Hr} & L& S4S Mol
B2 Ao 2] QA BuS 98] MaHel 5 AR Aol AT Ao selu et

Key Words : Elj 2F33dH4 A| 2Bl (Photovoltaics systems), 2155 0| E(DC cables), &]-8-7% F(Allowable current), A]-3-5;
2] (installation methods), &= 4| 5= (Conductors temperature)

" Corresponding author, E-mail: juheejang@kesco.or.kr

% 7|
B QT 2026 FHA7]QEA B AL RS K] ntol 4xalah 17 A QU T (IS : 2026-0102).

* 259 -



2026 SHEENLOIURISE] EASE Y HINE](2026.4.22.~2026.4.24.)

PVE-P-41

Process Modification for the Application of Recycled Photovoltaic
Silicon as Anode Materials for Lithium-lon Batteries

_JI._\_Z'SE'****, %>|.7|g_**, o|_<'>___||:||*** O|X|A‘|*T

Juhee Son™*** Gi—Hwan Kang®*, Wonbin Im***, Jinseok Lee*"
o R 7| AT AAAY Al2E] AGAl FESro| | X 7] A Bl kg A,

wsgropryah Qubefahel Al4d) ot

Abstract : e}y W5 K Shofol] whe} s R(PV) RE L) BAIFo] Z7eta glow, o] uhe
A g5 AR Ve TRAJo] FAEIL Q. & Aol M= dE o Ra R flagh A2E
el recycled silicon, )& A FOLLUA(LIB) §5 242 37| T AL 3 HAskS <
Yatgitt. 2laed A e HCILSLHNO; 7]9he) 554 of = &3l A= 9l onf, e o Hofl o = =]
S B4 S Bol 4 BBl 203 U S S oA sh BRA AL Fs S Belsks
o 1A, 56 sew 2 AAE NS w2 AR Sleds RSt B3 Eww Al A ©
T Aeee] A1) Zrhete] L 271 20) vt YAk F Aol FAE ALt Hrlskek Bt 2
T 2(Ag) mwwol ek A2 A P H AR AW FAe 7lefste] 7] Fol of
1900 mAh/g =50 2 t‘ﬂ:/k}gmq S R} 37] W HAEE JAZE AL, Alo|Z erA A o] BFALE] o]
7] SR Sl ANEE AFE debick B aTs Aoy o Aeae] 34 448 S 1
s rsfel 17| 3ks 4% *—;— A0 e 4 98-S molFul, oA A% ez 17|
&8 7he 3= AlAle.

Key Words : €254 ¥ E(Photovoltaic module), A &-8-(Recycling), A 2] (Silicon), 2(Silver), S=-A(Anode material)
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Synthesis of High-Purity Si;Ns Through Two-Step High-Temperature
Direct Nitridation of Recycled Silicon Recovered from Waste
Photovoltaic Modules

AR S|k KKk SRk O H |**kk * T
SRSV QT JEETT, o|TA

Juhee Son™*** Gi—Hwan Kang®*, Wonbin Im***, Jinseok Lee*"

*RAUA 1S ATY A A28 AT, HEFANU A7 S AT AT,
wergiopofatn Qurefatel A4 gea
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Abstract : 5 e SF3 = 5-<] h4) Z71o] mhel U A el e] 1Rk AUsks Bo 41
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Key Words : €| %34 X-E(Photovoltaic module), A &-&(Recycling), 4l 2] F(Silicon), 14> (High-Purity), A3t
(Silicon nitride), 2] % & SH(Direct nitridation)
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Numerical and Experimental Analysis of Heat Performance in an
Air-Based PVT System with a Perforated Spiral Duct

Bgr, e
Gwan Yong Choi***, Young Won Kim*'
HELAPA | S AT Y VR 1E, FEstoFt) sl 7] Al s
Abstract : PVT(Photovoltaic Thermal) A] 2~ ejop-2 o 6}01] A7)9} Ao XS EA|of YAFEE 2=
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Key Words : g]9F33/8 &3} A|2Hl(Photovoltaic Thermal System, PVT), 37]4] PVT H<7](Air-based PVT
Collector), L}A1& =(Spiral Duct), €& & (Thermal Efficiency), A3 &H(Computational Fluid
Dynamics, CFD)
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Moisture Barrier Characteristics of Silicon Oxide-Based Gas Barrier
Thin Films for Enhanced Reliability of Flexible Solar Cells

2l9S* ZIAaxx zlop|*T
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L
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Young—Hoon Kim*, Su—Jin Kim* Eun Mi Kim*'
A7) ALY

Abstract : With the increasing demand for renewable energy, flexible and lightweight solar cells have attracted
significant attention as next-generation energy devices with broad application potential. However, organic and
thin-film solar cells are highly vulnerable to degradation caused by the penetration of moisture and oxygen,
which can oxidize the photoactive layers and lead to significant performance loss and reduced device lifetime.
Therefore, the development of effective encapsulation technologies that provide excellent moisture barrier
properties while maintaining compatibility with low-temperature processing is essential.

In this study, SiOxCy thin films were deposited on polyethylene naphthalate (PEN) substrates at temperatures
below 100 °C using plasma polymerization-enhanced chemical vapor deposition (PPECVD) with hexamethyl-
disiloxane (HMDSO) as the precursor. To investigate the effects of deposition conditions on film properties, the
physical and chemical characteristics of the films were evaluated in terms of residual stress and water vapor
transmission rate (WVTR). In addition, since residual carbon impurities incorporated during low-temperature
deposition can adversely affect both barrier performance and the photovoltaic conversion efficiency of solar
cells, a low-pressure O, plasma treatment was introduced to improve film quality.

O, plasma treatment effectively reduced the carbon content within the film and promoted the formation of a
denser inorganic Si—~O-Si network structure. As a result, the WVTR of the SiOxCy barrier layer improved by
approximately 25%, reaching 4 x 10™ g/m*-day, while maintaining stable film properties. These results demon-
strate that oxygen plasma treatment is an effective strategy for enhancing the moisture barrier performance of
low-temperature SiOxCy thin films and suggest their strong potential as encapsulation layers for next-
generation flexible solar cells.

Key Words : €| %521 X|(Solar cells), &-*] 9 (Encapsulation), =5-5<5-5(Water Vapor Transmission Rate), A} ElT]
Al ZAHHMDSO0), &2} Zu} 5}8}7]AF52FH (Plasma Enhanced Chemical Vapor Deposion)
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Development of Lightweight Soundproof Photovoltaic Modules for
Railway Trackside
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Key Words : A= €] oF3%(Railway photovoltaic), W25 €] %33 % E(Noise barrier photovoltaic module), 73 = € o534
X E(Lightweight photovoltaic module), 2}-2-& € %33 X E(Acoustic photovoltaic module)
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Robust Encapsulation Strategy for Flexible Space Solar Modules
based on PHPS-derived SiO, Interfacial Layers

R dioft*, BChE* dheErT o|2epT
Jun Ryu*, Yerang Park, Da Young Kwon, Nochang Park**, Yonghwan Lee*"
A7 | e d Y A A AFATE

Abstract : Flexible solar modules for the next-generation space industry must maintain long-term reliability
under severe environments characterized by high-energy radiation. However, the standard encapsulant Ethylene
Vinyl Acetate (EVA) exhibits significant performance degradation due to radiation-induced yellowing and
chemical breakdown. Polydimethylsiloxane (PDMS) offers a promising radiation-resistant alternative;
nevertheless, it faces a technical challenge regarding low interfacial adhesion with polymer film covers, posing
arisk of delamination in space.

In this study, a SiO, layer was formed on PET films via a Perhydropolysilazane (PHPS)-based dip-coating
process to significantly enhance interfacial adhesion with the PDMS adhesive. Despite this enhancement, the
emission of byproduct gases following the introduction of the SiO, thin film caused micro-void formation
during PDMS curing, acting as a process limitation that compromised interfacial reliability. To overcome this
instability and achieve void-free packaging, a multi-step temperature-controlled curing process was developed
to precisely regulate gas evolution and cross-linking reactions.

The effectiveness of the developed process was verified through peel tests to confirm the quantitative improve-
ment in interfacial adhesion, based on which a large-area continuous coating system was established to ensure
scalability. Finally, the fabrication of flexible modules using III-V compound solar cells validated both high
specific power and mechanical reliability, presenting a key packaging solution for the commercialization of
next-generation space-grade power systems.

Key Words : Space industry, Flexible solar cells, EVA replacement, SiO, coating, PDMS multi-step curing
" Corresponding author, E-mail: nepark@keti.re kr, ylee@keti.re.kr
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Interfacial Oxidation-Controlled SiO, Barrier Films with Improved
Moisture Resistance for Petential Application in Solar Cell
Encapsulation

*d-}*ﬂ A7 Ed+A (KITECH)

Abstract . Maintaining high moisture resistance and airtightness without increasing material thickness is a
critical challenge for improving the long-term reliability and efficiency of solar cells. In this study, we propose a
plasma-enhanced chemical vapor deposition (PECVD) based approach to fabricate thin, durable SiO, moisture
barrier coatings applicable to solar cell encapsulation and protective layers. The process incorporates interfacial
oxidation reaction layers (ORLs) during cyclic deposition of organosilicon precursors. These ORLs effectively
remove carbon containing residues and promote the cross linking of the Si-O network, resulting in improved
film density and mechanical stability. Optimized oxidation conditions increase the refractive index, reduce
residual stress, and suppress micro porosity, thereby enhancing the barrier performance against moisture
penetration. Spectroscopic and microscopic analyses confirm the formation of strong Si-O-Si bonding and
uniform Si/O distribution throughout the film. The resulting SiO, coating exhibits excellent durability under
humid and thermal cycling conditions, demonstrating its potential as a thin encapsulation barrier for
photovoltaic devices. This interfacial oxidation strategy provides a scalable and cost effective route to high
integrity moisture barrier coatings for improving the reliability and operational stability of solar cell systems.

Key Words : Interfacial oxidation, SiO; thin films, Moisture barrier, PECVD, Solar cell encapsulation
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Radiation-Shielding AZO-Coated Glass for Durable Space
Photovoltaic Modules

shofl@*, ZCHY*, RF* HCIY* S, g i+’ ojgsr!

Yerang Park®, Dajeong Kim*, Jun Ryu*, Da young Kwon* Jae—ik Han*,
Nochang Park*", Yonghwan Lee*'
A7 | & AT Y A A ATATE

Abstract : Photovoltaic (PV) cells used is space applications are exposed to extreme environments, including
high-energy electron radiation. To mitigate radiation-induced damage, effective shielding materials must be
integrated into space photovoltaic modules. In this study, aluminium-doped zinc oxide (AZO) thin films
deposited on quartz glass were investigated as radiation-shielding cover glasses for I1I-V multi-junction space
photovoltaic cells. To enhance the shielding performance, two post-treatment methods—ultraviolet (UV)
treatment and thermal annealing—were applied to the AZO films. Structural and radiation-shielding properties
were systematically evaluated. Under electron irradiation at 1.2 MeV with fluences ranging from 1x10" to
3x10" e~ cm % thermally annealed AZO-coated quartz glass exhibited superior shielding performance
compared to bare quartz glass. These results demonstrate that post-treated AZO thin films can serve as effective
radiation-shielding layers, providing a promising strategy for improving the durability and long-term stability of
space photovoltaic modules,

Key Words : 958 €]9F%1 R (Space Photovoltaic Cells), 2 &} HFARA] 2} (Electron Radiation Shielding), &-Fu|&
=9 Astold (Aluminum-doped Zine Oxide, AZO), I11-V Tt E g 984 ] (I1II-V Multi-junction Solar
Cells), 4| 2] (Post-treatment)
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Performance and Ecomomic Analysis of Multi-directional and
Mixed-layout Installation Strategies for BAPV System

OIRLH, 0IFY*, USHY, 255"

Ruda Lee*, Junyoung Lee*, Dongsu Kim* Jongho Yoon*'
e el s A A et

Abstract : oL 2| A E P ST

B B DS 913 ) WA e AR 82 gL A

%208 2748 A 0.2 AgHch. 53] 241 oA A% /K5 e B1bo] Agtalo] Bz, A3k W

ol A MRS Sehaksy] S1g f1at A2 Aeke] R HLh T o ie) ek AR e At
_]

o Shuo] et A NS FHU0R X H T glon] 71 AT E AU 4XE HH 2how
71 B 0] 22 S E|o] itk o] elg TS Besl] 918 B Aol A 7120 A 4 4]
HPA] ol A] Mlof et Thepgh %) TAE AIQESHAL, ofol TS 714 W A4 eh e Ak o2 Hash
STk, 2] AR 712 AR A A1 Eakste] B4 w9 H-s ujx] 5 % 674 A% Al
TFASREE. 2 2] Aol el s AR 81 712 R4S stgion, 821 A o)
£ 89 G aeislol i < ) e Ao BasIc. 1 sk A A olel 4
4] b3} 4= 9Lz 7102 LRt Eok Al 89 HlojE % e
@M&ﬂ1@ﬂ44aﬂﬂ°7?a1%%514a£ﬂ~H°ﬂ-sﬁ olelgt AT Aup
ok BaF AX S AR & S o A7) 712l ek A7 =t W ashe A,

Key Words : Elj%F33 A| 2 El(Photovoltaic system), 73 A 2 E}FZ-A] (economic feasibility), =% < 3F(shading effect), &=
A} 314> 7] 7F(Investment payback periods), £&F 44 | (North-facing installation)

" Corresponding author, E-mail: jhyoon@hanbat.ac.kr
7|
LB 2E WER/SE W54 59 0] 2] (@AW 5 RS-2025-02316198, 3H=d AZE o2 A%

45
B 7SI 2039 E HRAAEARAR A0 Aol A| 71 4B AL A0S wot SyE
oq;L%'(wﬂ ¥15:RS-2023-00266248, 24|34 2% ehFArel e g AR 12 o)

—-—* F]‘L‘L '|0|'

* 268



2026 KSES Annual Spring Conference

PVE-P-50

7 T ¥ste] W Glass—to—Steel H%F ZE9
%9 Je £4

ot

QOutdoor Performance of Glass-to-steel PV Modules with Different
Steel Thicknesses
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Abstract : This study evaluates the outdoor performance of glass-to-steel (G2S) photovoltaic modules with
different steel thicknesses (0.6T, 0.8T, and 1.6T) compared with a conventional glass-to-glass (G2G) module.
The modules were installed in a south-facing BIPV configuration, and outdoor monitoring was conducted from
February to July 2025.

The results show that the G2G module exhibited the highest module temperature relative to ambient
temperature, while G2S modules generally maintained lower operating temperatures. Among the G2S modules,
the 1.6T steel module showed the lowest temperature during the test period.

In terms of energy generation, the 1.6T G2S module achieved 2.05% higher cumulative energy yield compared
with the G2G module from March to July. These results suggest that the steel thickness of G2S modules
influences thermal behavior and outdoor energy performance.

Key Words : J 2+ gf| OF34 R E(Glass-to-steel PV module), A=A A E €l &3 (Building-integrated photovoltaics),

pul

[e]
#2017
2-9] A5(Outdoor performance), B-E -2 (Module temperature),”}- 2 57 (Steel thickness)
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