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VPP-S-1

At A R g dAE g 7}%‘5%.’:: 7|=8%3}
A=A B3t

Virtual Power Plant Technology for System Integration of Distributed
Energy Resources into Power Grid and its Institutional Improvement

AI_|7|oEq*’r, ;gE**
Kiyeol Shin*', Mo Chung**
*gdista 7 A g, 34 5] Abeflo] el Y o

Abstract : A A of| L x| BFo] Shefj & a1 AR g wFo] kg whet AlS G o] eHg Aol vl A
< F8a7F SIS QAL oo Hidt ti& 71| Aol ARt Al etk E4RE o St
02 AT G de71e AT FA AL A3 o= o] &-E7lao] FAT Al
A AR EAI ol 53] AlFEmel Zol & S AT Yol Bt Ao A A& A
SeA N FFE FL Gk SHAT 2A 2 & AT A AR} A AT & FA oA
”ﬂﬂﬂﬂﬂﬂ%4%@%&%ﬁ%ﬂﬂ%ﬂﬂﬂg%%%ﬂﬁﬁﬂ” a12{sto] §5hH 5t
&3 2 OHHi%QMﬁ%%%ﬂW%ﬂﬂ°}ﬂ£ﬂgﬂﬂ%ﬂﬂﬁﬁq Aol A
L@*J At d A A o] A A S AA &F71edd /MR 7edR ) = AE8S 9
AR tE AlABFALAL et &2 AP A] AT A SA = = ez ST

&2 Aol 718t A e star Qlot. shAIRE EAd A H Aol o7t 7t

r_>io

0.

ﬂﬁ%diﬂ
A G7ES A YA e aav|en A= dE7 Faste 7S

o AW
SPAES ol 2, el AEE W Eois o] A E AW o] LAY

R ENEACE

3} AAIZE A G g, A S ool E of Thele} wel g Al 5 o) 4w AT B ek Aot
SAEY) BESAT FAA ST AT ol = AR WAl e B} ) A 7129
S 5}e} thopt Al E A Al sl of 3 Aot

Key Words : A A} of| 4 X](Renewable energy), -Atof| 1] X| X} (Distributed energy resources), 21 2 A % <1 A (Power
system integration), 742 & 4~ (Virtual power plants), A| &= 7}] 41 (Institutional limitations)

T Corresponding author, E-mail: shinky@ynu.ac.kr
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20234 StREfA|L XS] FEAISEEUHEINS)(2023.4.19.~2022.4.21.)

VPP-S-2

A NG Al 2] 2EARS BAls]| A 8%
VPP S3F N Wt

Method for Development of Mixed Virtual Power Plant Platform to
Prevent the Curtailment of Renewable Energy Sources in Jeju Island

*T * * =% O A X|* *
AEI|, 4%, dofrl®, gded”, 2570%, 4
*T

, Kyung—Sang Ryu*, Dae-Jin Kim*, Yang—Hyun Nam*,

g

EN
Byungki Kim
Seung—Jin Yoon*, Chan—Soo Kim*
“Frao R 7| & AT d AYAI A AT

Abstract : A 5=2] 79, 209 7] & AU A ] Ao = gt E&4o] 349 (19.4GWh) & = 3
A Al S Y Ao 2 e A2 34E 7R 71 stz o2 F 718 5,1002] 9(2,931GWh) A
Ol A7) & AArstA] & Aol et o] vet =7t 4‘34 o2 upd o] Al gt Aol =3, A
7Koo 2= AR %7H A 2 A Aol DR(Demend Response), ESS(Energy Storage System) 5 4= 2 X}
o] Zrojsl= FEl o g8 VPP AlF o] ] 9= Ao g HH ol ulet 335 PBP(Price Based
Pool) A AFell -3 7| 40] B A 5heh. whekA] 2 = Fo A& th o] VPPE A B4 Ul w22
FE Ao R S & Sl §3H7 VPP )& AL Aokstel 744 02 Al o o
HALATS AEAA] W /A2 ALY ot HAo 2 3313 VPP H¢E Hrlr]< 7k
S =) 3} a1, 2 A3 o 1 X 2 DER(Distributed Energy Resource) AH ©] Best-Mix H}¢FS = &35} 2j Ay
|U A A A0 ansE 7S 2 9l 5rokS A A st}

{o

=2

Key Words : 74} 4~ (Virtual Power Plant), A1 A A of] 14 X] (Renewable Energy Source), % 2 A| 3F(Curtailment), 5
AF& of 1 %] (Distributed Energy Resource), 4~ 2 H¥H-2-(Demend Response)

TCorresponding author, E-mail: bk kim@kier.re.kr
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A7 S0 A7he Hg wiHE ESSY S-3Het

Application of Distribution ESS for Reducing Renewable Energy
Curtailment

*T * * * ={* O *
AT, dxteT, YT, iR, gYddt, 287

Kyung—Sang Ryu*', Chan—Soo Kim*, Byungki Kim*, Dae—Jin Kim*,
Yang—Hyun Nam*, Seung-Jin Yoon*
ol q A 7| st A=A A ATE

Abstract : O 7% 9HR 4 9 SHAR 4 B AL A 25 9 6l FER e x) 2ol A Al
sl BAL U A ol diak 277k S g ot Mg AU 7k He AT el Bet
AL Z7N7 T A AY gl BAE oby] ARtk 53] AFEE YA oL A 1] Zo|
ot ol whek S AR Sl7F 2015 39] 0] A 2022 1329](5-2:1043), B 33 289])= 7Hup2
7t FAIE Bola glom whAn|F Eo 20%S FolA i k. A Ao A BFaAE 2 ¢
I QAFEHS AIAIRE IEA H LA of w2 202201 A= o] n] M Al G GF 3HAZ Aol | A
HEA O ZIEFA of o s o 3 o] ré_g_r:s} AFsFo 2 ZFAMEEA & o] A A AR, /\ﬂa;qﬁa] 7]
& 5 ThER kel ek A7k 219 54 Atk & =M s AU A & A S017]
ARt oo = o YA AR 2] 58 et A AR &, YA A AR S WA 4, F5), A
A A Lol A5t & AT= Qﬁﬂﬁ}i Ue dA Y e FEste] Az SEFAH
of AAsHA 2 A%te] §Fo 2 AIE S T 5 e Wk AL AlEFoldS S8 L

e JE'—_O_Z_‘
725 ST

>,

i

Key Words : of| U] x] 2] %%} %] (Energy storage system)), AjAJ ol ] X|(Renewable energy), vl 7 A= (distribution
system) & 2 A| o] (Curtilment), 7} 4~ (Virtual power plant)

T Corresponding author, E-mail: ksryu@kier.re.kr
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A% Hote TR AZE ARe oS

Electricity Load Forecasting in Jejudo Considering Behind-the-Meter
Photovoltaics

ZETM AT, ARG, QR ZH T
Hyun—Goo Kim*', Chang Ki Kim*, Jin—Young Kim*,
Myeongchan Oh*, Byong—Ki Kim**
o YA 7| e A A ALAA EATA, FHgharo YA 7] s Al YA AR AE

Abstract : A F 2] HF 2 o]i A& &P A= -3l 5(Load Forecasting)©] H 2 5}
o A E g A A B AR ol sl A Ao Frofste Hefd ARt of
Y 2} 8] A H(BTM; Behind-the-Meter) 2x+F &L B QF=g 2 u] 7} 54 5HA S7Fsk e vl A S A2
A Fos d=5A171= F888 F shrolv o] 24F Y 7| 2 (Duck Curve) @43} gho] F-35}of % 2
A S webs e fate Sl HAR 2.90S B3] EAA Ok foh. & Aol A
£ Al = A 78) A A D(Time-Series) AL 25 ©]-8-51o] B A B g 2o Fof & A 559
Ol M E=E B X354} gtc) A YRS o] &8 Aukshry 2 El(GAM, Generalized Additive Model)
oAbt 7] 0] Gt 25 W Fure] 9E S Frekgc

=

Key Words : EjoF33  2FA(Photovoltaic),  H| Al &F(Behind-the-meter), -3}o]|Z(Load forecasting), A|A<E
(Time-series), Y W3}7}¥1 W dl(GAM; Generalized Additive Model)

T Corresponding author, E-mail: hyungoo@kier.re.kr
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AFAY S8A% fi2e AT AT A2 7l AT

Development of Solar Power Forecast for Resolving Curtailment in
Jeju Island in Korea

ZETM AT AR ARG AT
Chang Ki Kim*', Hyun—Goo Kim, Yong—Heack Kang*,
Jinyoung Kim*, Byung—Ki Kim**

L UAZIEd Y AAYALA = AT, FHmo i A7l e At JGRC A AE

Abstract : A1) 2 A H] ] FATE WG A 00 FH7 AY BRFF L AR A o] Ay F
TAA E-AIRE 85t ARol WAL ). o] & A7 Hsho] T A (Virtual
Power Plant) A1} 5 55 A4 S FRE FAAA A £o W FF Bel golot
Al S ook v e 48B3 7S A Ao kel 5k A Ao ofsho] 4 24 4]
Tk olid o] gt o] Hojof gttt whEhA MY 8 Yl Fol tidt ol E 7] & o] HR Aol FolAaL Y
L Agolct daol U A 7| AT Lo A 315 A A Aol tiste] 24 24 A7k o] Mol WY T
=, B AT AR Vg NEste 72 dlolH 2 A AlgS BASHAL vk B g A E
5 R Adrd gl vigst R A A 540 G et uh2hA Site Adaptation} 2 %] & &
494 WS 5 Qe ] o] HEEojof kT o v A 7ko] Skl ukel o @ 27k F7tet]
ol o] & &I 4= e GAAE AE 7s= dasith & T A= o] 2 gt 7] & ol o s A]
A7) 8} ko

Key Words : < 3 A| 3} (Curtailment), B %33 274 & (Solar Power Forecast), A& of| 1 (Ensemble Forecast), 714+
HFH A (Virtual Power Plants)

TCorresponding author, E-mail: ckkim@kier.re.kr
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A EAe 18E 39 3% 945 Ve MY

Development of Wind Energy Prediction Technique Considering
Characteristics of Wind Resources

2RI A p* EAR* ART|* QEEN AAS* QA A
Jin=Young Kim*', Hyun—Goo Kim*, Su—Jin Hwang*, Chang Ki Kim*

Myeong—Chan Oh*, Keun—hoon Kim*, Changyeol Yun*, Yong—Heack Kang*
oo U A 7] e At A AL A = A A

Abstract : AT = o R 5ol A YA A u]Fo] 20161 9.3%, 20201 16.2%, 2022'd
18.31% w=obfl o1 o] F 50% o]io] Fovxlo|th FEoUA = HEol E XL eR, &
FHFE2 5E W 20% ==, 1A T3] 30% =of o] 2rhal shrh A A A FE o EH AT
A&H o R Frhetal 9o o5 dldsty| Yt e dol & TH3aES =8 == 74
=A% =D DA AlFe A olch 2 AFol A= s

= 7% N A=S Avistaa} ghok APA A A AL of| B At 7ol wlat =] e
gt e, dEd oAM= 5tFE A £2-3F B4 E HEAH A AR E AGT s
Z AT HEA A5 A E AA D o A o]t

Key Words : 3237 (Wind power), 517 9| 2(Day-ahead prediction), &7 & of] 2(Power prediction), H5 4] o
Z(Ramp prediction)

T Corresponding author, E-mail: jinyoung kim@kier.re.kr
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STC-S-1

FUTAE BTRS HY AYE T 2TINLY AL o

AOLE O&MA|AH & 7|&7]d

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

ApZ*

=o|xT * O =
t—lroel , ig%; , T o

Jongil Park*', SangYang Lho*, Sangjun Woo*
) ol A o | X

Abstract : =52 0f o] o] AbAF Aol &= 787t B AL ek A7 E o] &7 EAS e E
*‘E A3l v & oy, 2AVIAE 53] HsiA e BFadn|er go] A& AF ksl

avleb A s oF ek ] B F B AlAS A28 Aol iFEolH, FaL2E A% fl=
“EHOIE} AMEAE e F7go] ol 482 vn| sttt g FEdnof o
AE A% O&MA|AH 51 F a8l oo AYF AL T E 8 HAE A9
e gdel st aag fdd Yarier AAY 71s N, L S| e
A LB AUEE O&M7] 5 NS S E 7 Bl A Y £ mdl S T’HOM =8l A} jhTt.

R
1o

o

Key Words : AF¢] %’—7@ A (Industrial process heat), A TFA| 2 E] (Thermal energy supply system), €] 9 & (Solar heat),
=

T Corresponding author, E-mail: sng@g-sng.kr
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?L% 20229 &= AFASAAAE TS A o2 o U A7) s ARG 2] A
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A 20220810100020).
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STC-S-2

PpE-SEYT 3 AYTHY T2 47 o

o] u H U 2
H
AN B4

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

UEHZ*  ZMS* E|MOI* O|7pH*** HERpC* T
Byung—Ju Lim*, Sung—Hoon Cho*, Seok—Min Choi*,
Ga—Ram Lee*** Chang—Dae Park***!
7| AATY, LREANHA I AATLER, AUAEHNEATA,

a7l Ao ddista, SHEY|A S

Abstract : =} A= T o) AME-E= oA F Aol d A2 W&o M ok 28] aL oy A9
e S ARERE A7) fZof T viEo] At Aot AlA oY A9} 5| E HE
7S S doluA 55 % A AR BES EE 5 Qo] FeAE A dFFALE
SFE7L7hesit & A= 71 05 Eh g B2 Doy A& FE L e AT 3 E
HE 5 AT R A8 ] ATt 83 ALde AASL olof digt B FEE 9
3 TRNSYS=Z HF< sttt 22]a b3 o] G537t Jai A& of 3| =gz A Fe
HAR e T4 95 71 7E BES AT A

_r.
ox
£
O

ML7) 4, H Y% 27 53 A3 517] 919 344
A B AT A 28] B4 34 7170 B 24101 v, 7] Tl 60,0003 U/d 9] v
24T+ UL A0R B

Key Words : Ej %F & of 1 X](Solar thermal energy), 3] E 3 3 (Heap Pump), A+ -5 4 & (Industrial Process Heat), § &
Convergence

T Corresponding author, E-mail: parkcdae@kimm.re kr
= 7|

& A= AR SRS Ao B iR 7 s EAL O] XS Rrol =aRt - A AU THHAI =
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Development of Design Platform of Solar Thermal Supply System
Integrated with Heat Pump for Industrial Process

ZEE*, OZFRS*, A|MOI*, QR abary e

Sung—Hoon Cho*, Ga—Ram Lee*™** Seok—Min Choi*,
Byung—Joo Lim*, Chang—Dae Park*'**T
7| A AT Y LaEAHA A AR Ao HAEZHEALA,
ety e Addietdtie . 537 741/\15%‘

Abstract : A1 AT A F B FEL270C o] & 3T W] W] ¥, 2 s EE
RFopy et Abd S Aol e o] &2 = Utk DY B E S AT T o= % HgE T ol
011?3] & A7 ATk D A AT 9] o7t AAE SESH] YT o2 HY Ly S| EHL

et AT & FEote A7 St Atk AU HE BT E S EHE FHAIL
EE‘I% T+ 9 *374] Z2of| upet XJ.T?;“?I A 74] A ‘*EWEP Tt Olﬂﬂﬁi AA /\P"koﬂ/ﬂ ==

o
ATk, 4= 2 2 o] fﬂrﬂéﬁﬂxﬁ(ﬂ\_ OHHHI /\P‘* Ao, 2 _E 7H& l‘?ﬂxd,%l/\P

%309 3 5)e oS Seba T olei g e A5t A4 FAAD Sh AL e A

3 Apgdo] hmEth wpeba, 04 0] 2ol AR HW A58 M FAL AAY 5 Y sk

HA ERE Aol Bashh A BAES AAY BA A 255 Slokel 715 9 A
&)

AbF dlolEHEE ottt 7} AdEFC] H§ HlolgHo]ADBYE EFTh HFHORE
ROI(Return on Investment), Payback time, LCOH(Levelized cost of heat), ¥+ 4~ A 7+ & & 9} J
Tl ThE ABFA LGS ) w B Ao M A9 BY MAZ AT B =B ojja
A S| A A 1S A A5 gt

Key Words : 27|

9 A Z =N E(Design Platform), AF -5 (Industrial Process), Q-5+ A| 2 &l (Heat Supply System), E}] oF
[ex] /\] AN H)
= —

&7
(Solar Thermal System), 3] & 3 3£ (Heat pump)

T Corresponding author, E-mail: parkcdae@kimm.re kr
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STC-S-4

ot

329 el 75T H8Y 19 44 2 A%

Design and Manufacture of Flat Plate Solar Collector of Producing
Midium-temperature Heat

* = X |* * = %k SIEXS = %t
OIM*, FEEI*, otgdyd®, wWtE MR 0|43
t

Wangje Lee™, *

Hongjin Joo*®, Youngsub Ahn*, Namchoon Baek™*,
Ucheul Shin**, Kyoungho Lee*'

ARA A7 ATY AL FATA, e arfatn A5 Fon

Abstract : 2 Ao A= FHYFH D7 E o]&oto] 180T U £ o] A 4Ee] 7Hedhal, T2(120C U

[¢) B
o) eithol A A 20k e 5 9k Z, AE Aol A9 WA TS Frjek & 5 9l H D)
Mare A8 Algd ol E(Too)E E8310] AAMTE =&t BHE JL4719 =8 44
% Fol glon, Ay

MERE B 2R 40 54, 994 F5 2 ways ol7] 913

A& ol FFIA =2 AdA st o] T F A S A Z = L HE(Kr)I oF=22(Ar), 11 -5-(Vacuum)

& 15t ey, B o Bakad =ol7] sl A-E 2 (Low-Iron glass)S AH&-5F At &
45 o7l A8 FA 2 ol REARY | (Anti Reflection) & 2} Low-e(Emissivity) g & 4l
gror Agstgon, 23 F8E JE719 dEAdS Fas] fs) JE7] dEA = of o
=7 (Aerogel) ¥} 2] A fr(Glass-woll) 5 =93k Al 2Fs it 7Hd sl A2 7= A4
= 918 &4 di(Thermocouple) & =AM S FapA] o] W-o 5 3} FapA| o 4 Aol 715,
S 32, GEA s, HE7] H SOl 10ZJE o] L=MAE A sk A7) &5
Aoz &9 =S AIHS Ayt ed, JA7]9] 72 7918 A A2 = (Stagnation temperature) S H} &
o =2 Friskth

Key Words : B3 ejoFE % <€ 7|(Flat plate soalr collector), ©]|% 5 Z}A](Double glazing), 2l¥-F2](Vacuum
glass), T <& A (Insulation), 4 #] -2 = (Stagnation temperature)

T Corresponding author, E-mail: khlee@kier.re.kr
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£ A= 2022 T A SRR R o] A 0 & Fhatol Y 2] 7148 7FA(KETEP) 2] & who} 423§t & kA4 ¢
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olF T3 HBY Hord 497 IS Z2ad AL

Development of Thermal Performance Analysis Program for
Double-Glazed Flat Plate Solar Collector

O|&Ad* O|H[**, O|ZS** HHLfZ*** A Q@ xxxf
Song seop Lee*, Wang je Lee**, Kyoung ho Lee**
Nam choon Baek*** U Cheul Shin***'
ot ekl A5t gy 7)s At Y A A4,
e B R e AR e i

Abstract : 3 610 4= 0] % FIHA 2 LHE B AR A] 9 A BAYS 912 34
SO AR Sl i A i ¥ (ray-tracing
technique)& AH-3L GO H, EAT 3 & 9% ofuix] FFS /WO R HHEY L ol W]
2 PSR HEUEY LERES AT 4SS 240 Ak Z2age Fa HAM

A o3 BiA) Bt EHEAE D 28T AL FREY D AL, AYE 5),
Zo|TE HALE 58 AAsgon, 2o AyE KSB8295:2015(s FE A A 7))o W2 &7t ES
T QA AR, B HALE S& AN B m2 a7} )20 4 z2a
(CoDePro & FSEC)ol Al 4B 7t A &(H a3} Ao A%)e] At o2t 17 4% njyto
N 5 AT} A 2] AR5k Ao et

Key Words : 334 3% ¥ (Ray-tracing technique), A2} =74 21 X} (Incident angle modifier), ©]% 5 1}A](Double
glazed cover), A #| -2 = (Stagnation temperatures), %8 & % & 7] (Flat-plate collector)

T Corresponding author, E-mail: shinuc@dju.ac.kr
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HloFd A AHY AutE ox|aha] AJAH At
Development of Smart Operation and Maintenance System of Solar

Thermal Systems

ZROPEI*, HFE*, Sxjor* S35 7+
Ajin Jo*, Kyu Jin Jeong*, Jaeman Song**, Hiki Hong**'
B3t 714 getat ik, ** A 3| sta 7] A gt

Abstract : T oF -5] = T §3 A| 2T A& 0| T HYH O of 1] 4B ATHE 2 B o

= ghth. ofof o] A A|of| A= “2H-5(Operation) ¥4 ofY 2} “-f X|(Maintenance)’ 7} & 8 5} t}. 2mf

E ‘O&M(Operation & Maintenance)’ 7] <2 k< ] Hx AL A 9] AREAL, ] A

Yof, b #ejA} 5ol Al &H ¢ OJﬁEQH AR gl Alof, A He W kS S

QA sk Au| = FREoI o] 5 ﬂAAw4@4J%%%wmauwwmngggagg
Al 2~

et o ol S B LG AE(TOOE QAT Aolth A 2R84 45 915 0aM e B
H3, Alof 13 AR olehi Al /K] o E o] Rojdick WUl eo] thalAl, A 2wle] %
AT RS AL AL W el Aol A Al Bk 2 vl o] 9 mUH Y-S ko] HlojE g %4
Sha A M W A YRS A BT Ao Zwel A, A A e ujo] Al Aol AFsY ek

0.

98 071 A G Aol 250 Yool Hol Sk ol G AR YR Ul
WA 4 gleh ESE e Qatel WA wo] AW HAL, ASFRTG B DS 5T P
S oA AN o 2T ofe] L1 BAE A 2sH/] %) TR B A AG A ~H e
Aloi7h @ asheh. Eak, AAH] B Q19 4ol AL Qs A Ao £A A Aol WA 4 9
of. A e Bl § A5k o ol A 4| QO AAHs o] Wol X ALk AHgSg o] Frol A A
gtk ol 2t o] §2 A7) 4 el Haoh Aol WashA|w, 12 Al A7 Az BAA v g2
ZE3ke 4= gith mUE S e Qe vlo] e 2 B L QA E o A o] Roj A AATL olelgt
H)§ 242 AEE 4 oS Aot

Key Words : {153 &% 8] Al ¥ (Automated Operating & Maintenance systems), 2% 237 2] Z(Diagnosis
algorithm), 3] & 3 3 (Heat pump), Bl &F & (Solar energy), A| 2~ B A| ¢ (System Control)

TCorresponding author, E-mail: hhong@khu.ac.kr
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STC-S-7

AUTA B N2EY LW AR A
AANY BEY 47

Study of Ways to Utilize the Voluntary Trading Market for
Greenhouse Gas Reduction Effects of Industrial Process Solar
Thermal Systems

POl A
Minsoo Park*', Daeyoung Jung*
HRABIAL |2 9=

Abstract : tHJ A A ARG E = EZ Q) AU A A2 A D2 L2 5 Ak o] of vlsl -2
ks AU A A uEFY] 92.8%E ol =7l whet oy ] A E o] vl Fofdt ARol
o ol Rl Aol AR A2 old Al AHE F H =7HESEENCD: National
Determined Contributions) /-2 1% T8 ¥ & stupoltt. Zeu Hofddd, 924 5 A
o Ao A o vlste] Ao A A o gt 8= vl vl |7t Aot o] = A
= 540 nd Qo AE 3F3H7] A i FE Al L| ] YA o) o 53t FA A £
Aol W& Aoz, JYBAHA S E A= AT AR Fa52 ARt 7l
BRbopy et 27hA GAY EE % ete] B sttt 7| S e dfo-& A% A= 24T EA A1
A o] AA 2 AU A ARGl whE 7T FAIA BE7F s R e, Al o S48 AR
71 A7z A Y 7|20 2 B ool Z-8-2 m| e Aotk s o e B E Ha
= % FAEE A Jloy dE, 7S dA e 25k 5 iAol ARt ol ol
2 Ao E S E ALF R % 2AVIATSANE F T HiFH AL e A E AR A
& 7 ol tiskol 24 skaL, ol & S VM BAIG Y FEE HR e E AT B E Al LH
o &S =E3H7] Aokl st B FE A" T S| EFZ A AR S| sfo] He| =g AlA
o] 2ANMAGSZAIE =S8 A BUEY 7|, a3 A Soll tie HARQlat -9 A}

W LA FEARY B L 71 F S BAS] D ALY BEA )2 2s me]
2 BHOR UTh 1F B AT AL B T APRE 2UVA BN EHATIY £
A7k BES o) AT /1R Y R AT PG A2 ] DX o thsto] =B

Key Words : &4 7} 7F2(Greenhousegas reduction), A2} 7] 2] A] ZH(Voluntary trading market), Ej ¥ & A A
(Solar thermal system), €+ 4~ 3= 3 (Carbon neutral), =+ 7} 7} <& 3 (National determined contribution)

T Corresponding author, E-mail: mspark@verywords.com
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TEC-S-1

The Direction of the Government's ZEB Policy Promotion

zl g
Sung Woo Choi*'
oo Y gtk A= | A4

Abstract : The government is promoting the obligatory zero-energy building as a way to promote carbon

neutrality in the building sector, and introduces related policy directions, support systems, and technologies to
promote energy efficiency in the building sector and expand the supply of zero-energy buildings.

Key Words : zero-energy building, ZEB policy, ZEB technologies

T Corresponding author, E-mail: sungwoo@energy.or.kr

56 -



2023 KSES Annual Spring Conference

TEC-S-2

Guidance on the Government's R&D Process

o|z&
jonghoon Lee*'
rgho|u] 7| 4B 7H Al 44

Abstract : The government promotes R&D in the energy sector budget allocation, planning, contest, evaluation,
and selection. It introduces these information to energy-related companies so that many companies can
participate.

Key Words : R&D in the energy sector budget. R&D allocation, R&D planning, R&D contest

T Corresponding author, E-mail: ljh@ketep.re.kr
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TEC-S-3

Government's Empirical R&D Enforcement Situation and Business
Response Proposal

Ao
Sung—min Woo*'
S EEH A ut = ZpA| Hfof| L 2| AL E]

Abstract : Various ministries of the government(Mistry of Industry and Energy, Ministry of SMEs and Startups,

Ministry of Environment, etc.) are promoting empirical R&D, and by introducing measures to promote such
empirical R&D, we intend to encourage companies to strengthen their R&D functions.

Key Words : promote such empirical R&D, strengthen companies R&D functions

T Corresponding author, E-mail: ywoosm@cbtpor.kr
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TEC-S-4

Development of Resource Recycling Process Technology for Solar
Power Waste Modules

ig DI_*T
Cheong Min Noh*'
Y Fol 2 E

Abstract : Along with the exponential increase in supply of solar modules, social/environmental problems
related to waste modules that may occur in large quantities in the future are emerging. In order to effectively
recycle waste solar modules that will be included in the EPR system from 2023, related infrastructure is
required. Prior to this, eco-friendly and economical technology development is required. In the future, the goal
is to develop a low-cost/eco-friendly/high-return recycling technology to treat waste solar panels that will occur
in large quantities and build a recycling facility system that can be operated in an integrated manner.

Key Words : waste module, recycle waste solar modules, EPR, recycling facility system

T Corresponding author, E-mail: nem1565@wksnt.com
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TEC-S-5

Demonstration Status of Solar Power-connected Smart Farm
Construction in Mongolia

olgtz*
Hang Ju Lee*'
“Aloloo] Ao q A 7]& A

Abstract : Mongolia, which imports electricity energy from Russia and China, has serious low efficiency
problems such as aging power plants, high transmission loss of 13%, and operational loss of 15%. Mongolia's
agricultural products previously depended on imports from China, but imports have recently become difficult.
In order to solve these problems, I would like to introduce cases of international cooperation projects that spread
the supply of renewable energy and improved productivity through the convergence of renewable energy, ICT,
and agricultural technology.

Key Words : Mongolia international cooperation projects, solar power, smart pharm.

T Corresponding author, E-mail: hangss@jh-e.co.kr
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A Study on the Production of Multi-purpose Movable Containers
using Solar Power Generation

MErE
Chang Hyuk Suh*'

“Eelel7le

Abstract : Recently, with active activities for carbon neutrality by local governments, manufacturing and
installing energy self-sufficient facilities using mobile and self-powered containers attached with solar modules,
I intend to replace mobile offices and mobile bus stops to alleviate the high cost burden and respond to local
governments' decarbonization policies.

Key Words : self-powered containers, solar power, decarbonization policies

TCorresponding author, E-mail: haein6656(@daum.net
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TEC-S-7

Ultra-high Efficiency Ion Heating System Technology for Industrial
and Building Heat Supply

stem
Nikita Ha*'

*re L A6

Abstract : The ion heating system is a technology that directly heats water by using the principle that heat is
generated by the friction(kinetic energy) of water molecules while moving through the ions of electrons by
flowing electricity through the electrolyzed water. This is a heating system that maintains a constant temperature
without wasting energy with technology that controls each electronic particle.

Key Words : lon heating system

T Corresponding author, E-mail: n.energy19@gmail.com
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Development of Renewable Energy Generators using Solar Heat
Collection Technology

EP_X”&!*T
Jae—seok Oh*'
ot A

Abstract : This is a device that generates electricity by converting thermal energy into rotational energy with a

heat engine by boiling and circulating the thermal oil in the fuel tank at a temperature of 400C with solar
heat(850C) generated by collecting sunlight on a heat collecting plate.

Key Words : solar thermal energy, heat engine, solar heat generate

T Corresponding author, E-mail: jsoh@haemoa.co.kr
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AR GouA] 953} Aol 3t A+

A Study on Renewable Heat Energy Mandatory System

A kT * %
dd=", o]

Ob

Hop

Seong—su Kim*' Jong—hoon Lee**
oo Y A 7|8 7HY o4 2| 7] PR, *Fgltaro| | 2] 7] &g 7HY A A of U %] A

Abstract : = A 2] Q1 2 A of| | A & A 7] Q1 REN21(2020'd) 9] '3 of wp= ¥ 2| Fof| | #] 4 H] o] A]
HE U A o v F-2 51%= AWE o] & AA skl QLA tf f& A A m(bHFHE Geoly
A2 HEsF ARG (Aol Y A v 52 102% E31}) st IG5yt 229 oplnk el ghaad A
A HsiA= ABAHA & 2183 oy A A4 R F571E0] aFgyoh £33 o] & 43}
at7] Yl A= Y 22 O RIAE T JAE E 2 of el R Ahde AEZ H gy
th & Ao s 22 Q8 QoA ALAI=E dESHL, 5 =9 ool TafA A3
SUth dA0] =3 A o A= “EU & (-3 F2 A Hg J2 Ag 9 A
AE T D S i AU A B o] digt AH Yo A& AR H Sy
th 2016 o= o] & A& sH7] 3 dHSE P oY =3 37| vtr 2 ¥ 7] " vh= 5y
2 Aol A= Follv A Ak A -89 24875 &kt A9 A =(RHO & RHI, Heat fund) B
45 Tl S =YY ek AAI Y oh
Key Words : REN21(Renewable energy policy network for the 21st century), 2} 4§ & of| 14 X| (Renewable heat energy), #|
Aoy R & F5 2 F3H(Renewable Heat Obligation), A A o L x| & x}-oH 2] ] A|| &= (Renewable Heat

Incentive), & ol A XY 7] & (Heat fund)

T Corresponding author, E-mail: sskim@ketep.re.kr
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STC-W-2

393 AIA A 93

Carbon Neutrality and Policy Direction for Renewable Energy

*T
e

Seong Woo Park*
ool Y At Al A 3 A

Abstract : THAF RS 91 ¢k A A Ha 5 A
A7 A A g, B 8E&2 < APl A g, A
Ha, FUegAd o 71kt Aol v A, AR o @Ak A A o o

A2 7] d S0l Apda o2 Ao A g AHg-E Al )18t= RE1009] df

0 ol
-
P&
X

o

_@;
J

_>d

Key Words : A A of| 1 ] 4 20 ®-8F(Policy Direction for Renewable Energy), RE100, Bt 4~ %= 2 (Carbon Neutrality)
T Corresponding author, E-mail: swpark777@gmail.com
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Status of New & Renewable energy Supply Policy(Self-Use)

S
jihyun Ryu*
*ohar ol Y 2|5 ek AR AR LAY A
Abstract : A B4 A2 A 2 2] o] YL 7hE et = A JREE St= A ol v X B A g of 9L
o], *]Zﬁ*ﬁoﬂﬁxl AH) S Y 28| A7F A H AFRSHE e Ao AR B AL 2 AR AY ol

YA X 5 A Y] SRS o] ST 4 Q=R ZF AR, AR, AR, I FBHAY 5)Y
239 W7 Abehak 2R 4] g

Key Words : A A Aol 2] E.(Supply of New & Renewable energy), A}7}-8(Self-use), 554X t5})
(Obligation in Public Installation)

T Corresponding author, E-mail: iam@energy.or.kr
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Solar Energy Standard Reference Data Utilization Seminar

Q il-*T

O -
Myeongchan Oh*'
o Y A 7] & At A AR LA = A A

Abstract : ZF=FZH ol H = AP, AT A T o8 Aro] AL 7|RE) thefet Axbat A7)
FHE = AHAA 7 8T NE T stuolth Hol Bl Afol d Lo A=
AREE = HiolB o =& Fo] ofF F a3 sFEo] U HolH & AHE
ol i Aok e "dof. JraEd ol e 2= Ee 24T £F H o
T AFH R Ul 5= Qo whebA AR olH S AR B F A4 Aol i A
A 22=E F7HE 5 A "ok 2 Alujyol A= o # e FErEd ol HE 285k H golly]
A9 ol S Brbeke WS Wl -aL ofof Higt AgE sk o] I A AN A H
olE| Al E &f AFmof Tt 7|2 ME I HE R, 28 S

E

Key Words : 2% ¥ % (Standard Reference Data), U A} (Solar Irradiance), ©f 9833 (Photovoltaic), Tf 7| A =
(Typical Meteorological Year), A} ] I=(Resource map)

TCorresponding author, E-mail: amirl17@kier.re.kr
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| _EDU-2 ]
Open APIE AM3t ChatGPT &4 A&

Hands-on with ChatGPT using Open API

O & &4**
Jehyun Lee*
| Y 27| d - Alsbask A

[1

_1

Abstract : 2 d-2 t7FQ] dlojEl & AMES RAS StG5AI7| = VER, 7|2 BASHE 7| Ho|
v 3) o & gstar B4 djeS Q14 E = QltkE o] Stk o] & Bl A o] iifq o] m] %
A4 5o Hopol A =2 e WPt glon FAlo A w42 8= 9l t). Z| < OpenAl
7} 2713t ChatGPTL o] &3t == otola A4 Aae 5= A oh, w2
ol F A E ] o H f5t= Hebs g ek ey B a2 o A o A9
HE7} ol APIE AH§-5} ER o wA 24 4= 3L, 2 APIE Y] 52 ol %
US4 A & + ChatGPT APIE A}% EASE A Bl AT 5aeS
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Key Words : Al 2 J(Machine Learning), 3}©]3Z&}2](Pipeline), Z] %] SH(optimizationc), 3}o| ¥ I}&}u] €
(hyperparameter), A} S}(Automation)
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Technical Review of Solar-driven Hydrogen/carbon-neutral Fuel

= *, %% T
B RS

*, %k T

Hyunseok Cho
FQIB L 7]t AN AN LR 7] 2] A, FEQlshdishaL 7)1 A gskat

Abstract : B 2| & A AAY o H 2| o] Yo & Egh= A= A 2d3tE e A=A vl
% 50 BARAES A Zel7] o) LNEE chara WAl S Eol AekE 2 A o Shek. 1% o
B2 285101 PV(Photovolvatic) 3 & 55 10718 A5 A3, G Y Y @A gl
A& &85k g oFd 3% A7) Ay AHConcentrated solar power, CSP)52 A 8315 o] B % H} 9t

3, e el v A S Bgstol AY1E AT WA 9lo] A BFeHA, AEEA w3 B
S Aol /st 44845 Y AR 5O Yol sbsdteh fFARE HolH L o
wwung% 3 ga B GAAAEY AN A L o] AAE FEHE o] H L A7)
B L gk 2 ol dis el Sakspl Asn i Aol A1)
A S e Bk 8 ey Gmel A RS e, 2t £0] 5o ]
s M4tz st

Key Words : El| &F & of| 1 X (Solar thermal energy), & 3}8F#} o] Z(Thermochemical cycle), 42~ (Hydrogen), &/o] At
S}et A 5 8 (H,0/CO, splitting), BF 45 &1 &2 (Carbon-neutral fuel)

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

= 7|

o] 1R 200U E AREVFER) Yoz FHATAE HAHH A% 1A 454 LKIURT)
AIH ALY 9] A4S ol 28 5 o G- (No. NRF-2021M3H1A1064135)
This research was supported by the Korea Initiative for fostering University of Research and Innovation (KIURI) Program of the
National Research Foundation (NRF) funded by the Korean government (MSIT)(No. NRF-2021M3H1A1064135)

e 75 .












2023 KSES Annual Spring Conference

ABIAY o BEY LE B4 B4 47

A Study on Thermal Behaviors of the Steel Plate Integrated
Photovoltaic Module according to Rear Ventilation Conditions

2T, ZMY*, AUR* 0|FER*, BEFF, UsH
Mungyu Choi*, Jaewon Kim*, Minjoo Choi*

Jongho Yoon*, Dongsu Kim*
s A5E

, Hyomun Lee*,

Abstract : 7 A|A| A 0 & BA wjE7F AS 25 73_%3’% Bt Al A"S Aet A=YAP
Ej &F34 A] A El(Building Integrated Photovoltaic; BIPV)S &4 =151 Qo) s AL A E E)
o A AlaRo] 4 482 glaAl chebel B4 f4v} 12w ojof shk. 1% efoke kel
2 e W Ast I AT 22 ofFS 7| Xt o] gt % 452 VAR Qo=
Sl nigt 270l AR 0 AR o) k7t SAof we b S4E melth njeha 1
of At S AA7F B astet oo & Aol A= FHUA P B e AuS S8t S
AYE B T 27 240 UE Fu BY] L8 W R £ES R4S, HeHon A8
AP HF 2T H AT T 27 AAS BRD e AR A ABAA Y ok A
281G WAbste] 30 ZHE 2 A|ZHe % le] Bejo] Zh7F el A | Hjopy wE ) e Rata
5, 7 ERIEo] gt Hlo]E & el AH 24 Hele] Arhiiel sjekio] A E 8] %
A8 wEo) s ool et U ARS Washelth A9 AT AThiel shen 8] 28 e
£ 3 RS A8 220 T b U8 0] bl 7] 2% 2600 Wil 4 ek
FEE TH 2= EA 11T =4 SH =T o] & &8l BIPV Al AH] 28 A $H 3H7] =4
o) w64 & Bhelstel on), B choyak A 2l A e /15428 SRt

Key Words : Al- A of| 1] X](New and renewable energy), AEU A& €34 A] 28 (Building integrated photo-
voltaic), 7T+ A & €] 9F34 & E(Steel plate integrated photovoltaic module), & 2 7 (Rear air channel
condition)
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Grey-box Model Development and Simulation Study for Model-based
Predictive Control of Campus Building in heating Season
qERIE*, mxjer
Jinhyung Park*, Jaewan Joe*

*Qls}el s 20k A e F ot

Abstract : ©] GF= et A A Yol YA A= HdE9) oq:,LNoﬂ/q Jdolura
i, 02 7|ko 2ot w 71H+ o= A0 o] A B0 ML B AL BH o= gl Al

A 2023
19 30058 39 627k WYk v 43 9] A7} o] §5H= oF 25m2e] AT ] 8
NS £ A S Aol Y B/ 2 % 70 £ 2AS HolH S 18 0 0.2 5y

SHAe 71 oA Al geli Aol e 9 A HlolEl & Fstol mA o] s,
369 7he] mel® Axp U7t EHL] oﬂz 452 RMSE 7Lo] 0.72 43t =20 2 e
o] 5 o]-&3to] MPC Al & o] & 435t At ZH“XMI Ot A7) 7Hs &2 AAIE | &R A}
T 7t o 2= QA A2 Al 7o) comfort 2 7S W 4= gl B MPC= A &5 7| of| = A of 5
B S ATk 23 O FA B obU e YY1 A7) U K] B A B 950 2

o2 upeby.

Key Words : 7411 2 A& (Commercial building), 7] ©]¥} 2 = El(Grey-box model), =& 7|5} o] & A ¢ (Model-
based predictive control), A U] % A ©](Room temperature control)
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Development of Energy Prediction Model through Investigation and
Statistical Analysis of Energy Consumption in Recirculating
Aquaculture System

TR ZHSHHTASEE* ZIX| R R SRS
Jabin Goo*, Younghoon Kwak**' Hakjong Shin*, Jiwon Kim*,
Sengkyoun Jo*** Jungho Huh**

AT ASEetat, FHASA - et e

PTG AT AT ATL

Abstract : 9-3F Al F Aihe HE SR Sk Ao Y SAL FAY T FAE T AL oY
A] ] Z_‘l‘:ﬁ'i T Stuolth. =2 & o] 8te & A SAFAEL FA o A diRE
o] & A A S Tl AAREShe G4 AlLdolth AT U 20 et Ak
A A= Aol Tt ’“lH ot 22 S YEWH, 2 B ol 28, 4 B S S5 3 FS A9
FA A L' S0] AA 7HE = o ol | A] F817) v =Tt fﬂrﬂ} A A A mEg =S
A= A & o] Alad o vA] = FFI oA A] AR FRHS whofstal, A& o R He g
T e AU A] oS Ed o] Jtre] Ha it 2Lt 5#‘414 Fole S4 Y ogmo R Qs o
2 AFE2 A o] oA A AL Utk whEbA, B Aol A= WA @A SAS A
= AR AU 5=, 2, &3] &7 tolE et A9 AMgFa s o] & S5 7]
719 ol |q A AHE AR-e =45, Lﬂi A& 87 HlolH Zhel A A & uhotsto] o A
o Zde Ndstnt. EE o= ol tiek A A QL o 2] A kS BAYS)

W o
oA R AAS G112 st B o 8 A0 A ele)

Key Words : 9F 2] &} (Aqua farm), <=2Fod 1}4] 9F 2] A] 2~ Bl (Recirculating aquaculture system), o] U] X] A}-8-2F(Energy
consumption), ¢j| = % &l (Prediction model)
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Transparent Photovoltaics for Building Integrated Energy Systems for
Sunlight and Indoor Illumination

oE. -
)
o
g
o
v
>,

UAAFOF D> ZAS* LHE Zop, statR T4* oj7|g** dAE s
Malkeshkumar Patel®, Sangho Kim*, Naveen Kumar*, Shuvaraj Ghosh*,

Kibum Lee**, Joondong Kim*'
Mt M7]st, #H ()&l E

Abstract : Clean energy sources are promising to support current and future energy demands for sustainable
growth. The photovoltaics-based device offers onsite power generation, which is crucial for onsite energy and
storage of hydrogen from sunlight and indoor light illuminations. Herein, we aim for transparent photovoltaics
(TPVs) combined with transparent photoelectrochemical cells (TPECs) for concurrent electric power and
hydrogen generation in the building-integrated framework. Transparent photovoltaic electrodes are designed for
photocathode and photoanode operation to be applied in a TPV-TPEC energy system with good transparency,
generating a high open-circuit voltage, short-circuit current density, and power conversion efficiency of >1%
under standard solar irradiance of AM1.5G. Interestingly, the prototype device exhibited superior performances
under indoor illumination due to spectral match of quantum efficiency and LED irradiance. The transparent
photocathode integrated with Pt clusters size of ~4nm shows a maximum photocurrent density of 4 mA/cm2 at
0.5 V vs. RHE, driving stable solar hydrogen production. This study suggests a promising future for the TPV-
TPEC integrated energy system for the simultaneous generation, supply, and alteration of energy in a building
structure. As a result, such system-integrated building windows can enable continuous clean energy production
with a clear vision.

Key Words : 51 €}] %7 X](Transparent photovoltaics), o] | X] A] 2~ &l (See-through energy system), B} & 4=4~(Solar
hydrogen), 34-&=+(Photocathode), 33 % 7| $}8} A Z] (Photoelectrochemical cells)
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An Experimental Study on Thermal Performance Evaluation of
Reflective Insulation

LA, US|, YEef

Jonggwon Ahn*, Jinhee Kim*, Juntae Kim**'

Tt U7 S A TA, FH PR LY ATE AZFE a0 U A A A8 BT Et

i

of

Abstract ¢ GYTAF G A= 7|29 GHEE WS AP dgAqet G, AHAF FHOE AY
= BAME S 7‘(]—1%3}‘— G Aot RAF G AR 7 2 7] o= == PEZ&(Polyethylene foam) 2]
QR FEHO| &Fu|w vrto] B2ME FH R A, BAE S Aoz & B (Radiant barriers) = 2-8-&]
ATt | Loll= GEAF S E A W5 PEE 9] 03*]'0 HASNAY 3715 A s dA 6= 5, 9 4E
AP RE AT R A BAE G ol ot AR AL HEE S WAl BHos
W= A it wheb A A AR &5 U A = o YE PE F o= o] F o Ed A=A A AT
SGdAT BrP ol atEH Y ey Ffoll A dRAF S EA o] I TS 22 E, v A
S A FAE 5 L 2A = A QEFE(U-value) A F S F38ll Al A5t

LA o A& gh2> A AISFA] Hokal Qi

ololl & APl GuL RAA S| A5 Al -9l L2 g Yretgon, dutad
Ao A EEA N 2AT UHL Bl FIY 5L BT

Key Words : & HFAFCHS A (Reflective insulation), & 358 (U-value), A% 3 7} (Performance evaluation methods)
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A Study on the Parameters Bayesian Inference and Demonstration of
Building Energy Model using Hourly Short-Term Data of Small
Buildings

HRBI* ARZ* ™S
Woo-Bin Bae*, Yong—Gil Kim*, Jung—Ho Huh**'
#(A) AN SR ANF ALY 7| SEANZAE, #F A Ssta A2}

Abstract : 5ol 2] = o] utetu| e = 54 54 WaEStaL 9l
gt B =& Al &E4 gol dast uﬂo]xuﬁ%%% AFA 2

on), mEle] v AT o A
324 golg g vgos

Al
g o] BtA A4S st uhetu| g o] SHEEE 2A o] 7h5slth agL wo| x|k 2R | A4l 2
AEL 7h2 A oF T2 A A 3t dloE 9 *ﬂxﬂﬂ—fﬂl g e, 2 Gkg] dlolE & o] &3to] 7t
ol e & 22513 glrh dekg] glolE o] A glolE $2%]o] v go|a x| 5k, utetulE 22

& 91T A2 AU G o] G sheflel Lol AR A2 Geisieh £k
o) LG o &5 ke e vlo]x|ek Bl tiet U AT FEIA eheh webA, B o
ol mAe £ AFEA AZES] @] AP HolE S o] gate] AU mele] 2a
sheful g o #2 54 AESH: Aolth o F 913 /| FHA WMo Y AEMLS M5, 5
A 7| F8 Aol A shebul g Hol Kok 22 et AFATE LSt AT AnE, A
U X meof shefulg FEof that AlEd ol A A7 AFAT A HASHE ol o] That o
Q1 Ak, A4 Fol ol uh2 shetn| e 2 A3 u]watch,

Key Words : 7 E-o]| 4] x| 29 (Building energy model), H] ©] X] 2t == (Bayesian Inference), I} 2} 1] E] 52 (Parameter
Inference), 7] $-2}-7 2 ¥ (Climatic environment chamber), A1 4! & (Empirical Experiment)
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494 AFE 0|48 294 A2 Model-based
predictive control(MPC) 7+8& HZE

Infrared Signal-based Implementation Methodology of Model-based
Predictive Control (MPC) in Educational Building

=R S [

Kwangwon Choi*, Jaewan Joe***'

#Qlr)sba AnhE A e Fat}, wHQlsit st A% B et}

Abstract : = ¢ 31= Model-based Predictive Control(MPC)2- o|-&35}0] AA AES =& AFo=2
Aolst= HHE Wste AS A 02 3ok MPC 32 A9 A%, WI-FL 5 of 2] 712 W
o7 HgE = 9lon, FANIE Foto] AHE Aottt 2 A= HgA st
arduinoE -8t MPCE @A} shw] W 22 oS3 2ot WA MATLABS -85 1}
7 dlo] ] & o] &3} grey-box modeling& %1 3 5tt}. Grey-box modeling 272 oz = A& &g
ARE &gt H A3} AlEdoldS Aast=], o] o uj 7]gdolE = 7144 ¥ Ao Eof A
AgH gAY AAIZE A S H o E(Q 7] 2 &, YAFHE AHE S, AA T A== A E
W5oll AAE 2= AA HolE(HU2%)F AHE-gtel 23} AlE ol & &8l EolA= AW
2= Ao 43 & vff time-stepr} Tt A A ZF QU o] EV} H = E HHE 213k, o] F arduino®E F415}
of ol A5 &2 HIAZIth E3t arduino= MISHE Ao H A5 85 2= x4d7], g|Hy] o2 B
Y= $4 AR 2 ARSI o] P 0 2 WSAE AES 2= A5 o2 AojH i 5 Ao oo
7, w27, el w7l 5o apé glo] vl wA ZhekatA| A of h5dht.

Key Words : 7-& (Implementation), 222 7] 5} ]| 24| ©] (Model-based predictive control), L& o] 8} 2 24 (Grey-box
model), A ] Al A1 & (Infrared signal), O} ©| =(Arduino)
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A Study on the Real-Time Building Energy Loss Estimation
Dependent on Weather

Z4o* QMSH st Qx|H*
. Jaiho Oh*", Morang Huh*, Jiwon Oh*

*

Suyeon Kim

*Lpe gl

Abstract : 8217125 1) o -2 212 S U 4 Lokl A 14HES A% izl A s
AT UA| A BRSOl AL B FYL o)Ly BaAolch AR oy X 2t
W 84 B 5 ThRe W Alo1A] Aoj e of £, ol WA @ £ ue AR U
QB o £A10] 4sv%e] Datth A B o] TR A o U X Tl S 9o HE A BT I 24
of tiat Al4to] LT FE WAo] W AT WA A $AA nF ARo| B, 2L
A Zbat A do] B ebe o] ne} 7] &o] thch o] A& meste] ¥ Aol A AT A% 7]
< dole S ALgH AR o uA £AS FHFE ATE FARAL Ao ABS Aot
A 9109 A 7] e AR 2 FHR 2 §oto] A LA A4 F AE AR U] £
& Z4h Lol whet 7] vlo] e S 9o A gk x| 4He] 7] &k AFg ko] U x] &4
2 Rt 7|20 YA R o AR A4S AL S Tk 23, B ATS AR AR 483}
T £ARS SASE 4SS B JFES AT HEAS AL 5 9 Ao 7|
o=t

Key Words : A A] Zt(real-time), Y A 7] 4+(3-D weather), 20t E 2 o (smart building), 715 ©f| 1] Z] (building energy),
& £ 4 (heat loss), ¥ 2] (management)
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Machine Learning based Heating and Cooling Operation for
Model-based Predictive Control of Commercial Buildings

EfZiote*, Zmxjet
Abu Talib*, Jaewan Joe*'
#Qlafry st AnhE A 3ot}

Abstract : This study presents the general methodology for the development of model based predictive control
(MPC) in commercial buildings. Based on experimental data, we perform a compartive analysis of the grey-box
model based on a resistance-capacitance (RC) thermal network and different machine learning models for
multistep ahead prediction of building dynamics (i.e., room temperature and heating and cooling rate).
Furthermore, the MPC routine targeting the reduction of cooling cost consumed in roof top unit is presented. In
the case of MPC with the grey-box model, optimal control can be achieved in a straightforward manner by
applying a typical optimizer, such as linear programming assuming a linear time-invariant model. This approach
can yield the exact solution when thermal comfort is hard-bounded by inequality constraints. However, in the
case of the machine learning models, a linear programming cannot be used. Thus, we proposed an approach
based on predefined trajectories for transition of heating and cooling rate demand from on peak to off peak
hours of the day. The predefined trajectory estimating the lowest heating and cooling rate is identified as optimal
trajectory, which is then input to grey box model to fairly evaluate the control performance of both MPCs in
comparison to feedback controller. A significant performance of proposed strategy is achieved in comparison
with grey box model that can easily be replicated for other buildings.

Key Words : =& 7|5} o] = A| o] (Model-based predictive control), 13| o] 8FA T E (Grey box model), 7] Al t&
(Machine learning), ol & 24 (Prediction model)
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Development of Energy Prediction Model for Commercial Buildings
based on Artificial Neural Networks

XISZ*, HaS* UHS*, o|gs*

L. O™

Hyeonjin Ji*, Sanghun Yeon*, Chulho Kim**, Kwangho Lee***'

caelofea vkl A%l medha Sast BaATY, e et Bave A% okt

Abstrct: U] 5 o114 0% 5 2497 25 oLl vl ol Aol o) vsp
& AN Aol WA Aol ), o) 2 98] Wstels A A o] hFt AL A B R A

Hl o g =] 24 Ajoi7} 1T°17<4°F gtoh. shA| gk AR = A7 AATFC 2 HEkeh= o | A
28] 8H & uhofsto] MUY B §5kaL A o] s} 7] of| = A 7F Atk °l £ siAstr] flsl A& oA
2okl /IS A5 7w =Y o] s o] Fo] AL Qlrh & A t= <1345} Digital Twin: 531 4

Azt AENH A oA & H olv X A2 8l H A Ao EF4 A5S FH 2 3t oA 95
a7 S 918f S’ ARS] IRAE 3 H A T AF 0] W o A 2 Alo] ¥4 gloElE A
Z &, ANN(Artificial Neural Networks)-2- €-8-5Fo Wit} o | 2] axH| & of| & & 7§ s}l o) W
o qA| Av|gF2 29 1UFE 24 28U7HA] F 289 (67271)9] ©l| o] B & AF§-5} 3 2™, Training set
70%(4727N), Test set 30%(2007]) = d o] 8 & & Fot At Wi ol | A av|gF &4 Ao 49 15U F
B 59 15471A] & 314 9] Hlo| ¥ & A&t o, W5 7] 7} 25 8h= AlZH(3357H) 2] ol B & At
&5to] Aot glet me o oS A5 7= Cv(RMSE) A| 325 &8l 2135ttt Al 7HE g o] ¥ o
gk ol & el o) ke HF A}, Wi o YA oS el o) - 0F 22.67%, W || A] of| & &
‘fi_‘ 2 9F 21.09%2] Cv(RMSE)7} ==& | ¢l t}. ©] = ASHRAE Guideline 20140f| A A A1 & A 7t g o] €

F2Q30% mRk 7] 2o BEE Ao EAESGT =5 2 A9 435 7vre 2 Y oY
Al A7 913 H A A o] md2 st aA) gk
Key Words : 21-3 41 7 W-(Artificial neural network), ¥ oJ| ] X] (Cooling energy), I} ol 4 X| (Heating energy), ©f
1 A 2] A] 2 ¥l (Energy management system)
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A Study on the Improvement of Self-sufficiency Rate Criteria for
Domestic Zero Energy Building Certification

doll ™, Q718
Yeweon Kim*', Ki—hyung Yu*

rAd7EdT AR A

Abstract : 2 AT 0] = WAL AR YA AZE AFAEE AYsknl, AFBo U] Lo w
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Key Words : A| 2 of 4 X] ¥ o (zero-energy building : ZEB), 7 &9l *] % 2 (building energy policy) A} & (self-
sufficiency rate; certification), A 2 o U X] A & & Q17| &= (criteria of ZEBs)
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Zero Energy International Standardization Trends for Carbon Neutral
and Solutions to Key Issues

=r>*xt PNE T3 = * %k %k
Ol ZoI4** uizpd

Hangju Lee*', Insoo Kim**, Jumyon Park***

*JH Energy 7|& A4, ¥* 7P deha AFtE Y #**% & ZeroEn 7| A A4

Abstract : The share of energy in global and Korean carbon emissions accounts for 73% and 87%, respectively,
so net zeroing in the energy sector has become a key point to realize carbon neutrality. With the introduction of
the zero-energy building certification system in 2017, mandatory step-by-step was promoted, and Korea
declared carbon neutrality in 2021 along with the international community due to climate change in the global
society. Accordingly, the need for setting standards for quantitative evaluation methods for zero energy was
highlighted, and ISO TC 301 developed energy management guides and reduction methodologies centered on
buildings and industries.. ISO 50010, published by TC 301, presented a method for implementing an ISO
energy management system to achieve, maintain, and improve NZE(Net Zero Energy) definition and NZC(Net
Zero Carbon), and it seems that domestic industries, buildings, etc. will focus on carbon-neutral boundaries and
building goals. Due to the absence of carbon neutrality and verification methods, ISO 50010 developed in TC
301 is expected to be applied to buildings (industrial), villages, and cities to increase its use by RE100,
expanding and integrating new and renewable energy by carbon neutral declaration companies, presenting and
verifying energy independence. ISO 50010 will be published as a leading proposal in Korea and can be used as
a means to fulfill corporate/local/national carbon neutrality goals, and will be appropriately used to establish
national vision, strategies, and goals in line with international standards.

Key Words : Ul A| 2 o] X|(Net Zero Energy), Yl A 27} (Net Zero Carbon), RE100, ISO 50010, A 2 of L] 2] ¥l g
(Zero Energy Building),
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Performance Evaluation of Building Insulated Envelope System with
Vacuum Insulation Panel (VIP)

* =|%k% )k kT
ANE*, LTS, YZE

Sangmyung Kim*, Jinhee Kim** Juntae Kim***'

Bt T L5 P P Bt ot i o e A A 1 B g i B
***_Lzlsl;ﬁ—ipﬂ a/\u}-E %%QLE]-

Abstract : 715 ©]3] 9] G 7|2 HES] ZshE L glon, AR FHIA Y 71E FFTE o9
AR L 7| 2L A H 3Fe A 5200 0.15W/mK 051712 =2ttt FotE dBRg /2 S
HE55E7] YA = A o S ERATE SIHSHAl HH, o] 2 Qlsf T o] FUH H AW YR
7ro] Zhahs EAI7E A oﬁ et o2l A5 sl 2sty] flste] A& Rokel A= 71E A%
G RG22 G S TP e RaE GEATE 8 H L Al

AFddade nag %%XH ToR 71 A5 G AR of 8ul) 52 F A e& 7HA AL 8
o Aeadeide Ak oA R Aol olon, HATE AT WS AT HAF
oRM e TAYSS AT AW & FA0 2R A7 &AE o] AT
A S e 5ol FASHA AstE ], AEHE A daol o FEEE AT AT 5= qlef A

2 Aol A e A= Alwol Solshal gt A s WA, Aug H 4o 4 9= 2
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oA Aol ZRIYIKSF2277 20 Gui& Aol 275t s H 54 2
51 o).

b AA

Key Words : -3+ d o) 'd(Vacuum insulation panel), T 2|3 A| A8l (Insulated envelope system),
(Thermal transmittance), T & 4] “5-A] & (Insulation performance test),
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BIPV 5 9 AA99] o) $3 94 B4 4

Analysis of Thermal Characteristics By Envelope Type of BIPV
Module and System

QX|&*, LRIE** UZEf
Ji—Suk Yu*, Jin—Hee Kim**, Jun—-Tae Kim***

Tt UM A"y, et d-ouATledta

’

serg ool 19 AvhEAS B/ oA A 2 e g oba R

Abstract : BIPV(Building Integrated Photovoltaic) A| 28] A E9] 2|5, W, A& Fo 4850, 7
= T2 YAEIZAYERCOTZ, E2)0| wet BIPV 259 AR 2 S G4 o]
o

G/G(Glass-to-Glass) H &2 G- 24| & Fof M s} 2| 2 g ¢l o] AZA st A 2| ghrt. wheba & H BIPV
25 FHSEE AR 91X tet GeFE Witk AB TR Ajo] 2%o) 7

Gt A gH ANEY R TRACG B AR A S B2 GG REC
W0 2 B2 QS REO] LT A s EE, Ay =L U »
= 1% 540 w2k BIPV 59 229y S0 th=21, e Wi 2%
uj ol o7 3 W BIPV Al A5l 0] AHY 54 A7t W asirh upeb 2 ek
B AdEo] 1 8EE o959 BIPV 2E 9 A 200 I B4 HAS 9,
BIPV 2 59| 2= 2 913t GAdY EA Tt A5 (U-value) & 2 Q13 Al 2= B xof ]3] &=
S oI5t A S B2 0 2 dto) BIPV 52 AW G/G R EY 233} G/G Eo|H, v ¢
RC 29] ot at kA A7), Hgzo] vl 5ol ~AWE R o] 47h] §3 o AA
ot Algdlol A &2 132 PHYSIBELZ ©]-&3519 1, AE S 53 G/G =2 35 Hl ol
dhesto]l mAlg st 371 02 9§y 542 12sto] BIPV A A8 AA) A] 119
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Key Words : BIPV IZL-E(BIPV module), BIPV A] 2 EI(BIPV system), A& ] I] & (Building envelop type), &%= &

*J (Temperature characteristics), &7 & AJ (Power generation characteristics)
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A Study on the Major Design Elements for Energy-Saving Design of
Domestic Buildings

O|FS*, ufol* o|aa*
Juneho Lee*' In Park*, Sangsoo Lee*
*A BAL of ok

Cu.,

st : £15:5] 4544034 A1 7 sfol 02 i 7171 2] vhef 4540 o] 4
AvlFe AR F7H5H 900, AT 23 ute] whek S AZRA A7 ol 4] AEo] ok o]t
ot S Aol oA o2 W Aol A AL G A5 e, 240
o U1 €)% 1)@ 2|5 59| FA|7F o ol A3 9O, A K © = LEED 913, ESG % %3, REI00
9] o147} 575t Slof Shuf ool i 252 U A g Sl Az F 8 A )
B ASE S AR oUAAYE HRE I hFH ATk o Foix 1 Gk B AP A A
O AU AAE P SIT AS B oA £ F4E T ARYAUA £UL H =%
D L8N 4\ 7PEAES T AREA S48 AW J44AL 4A 08 =@

B9 A9 2, §% 5 S4o] uret o Ul X WOFL 913 2 o A PFS AN AL BE
S e S 910 A5 AAS A A8 101 A9 AN E 2ot

Key Words : o] 4| X] A 9F& A A|(Energy saving design), ol 1] ] 8 - (Energy need), | A] E.t] X} Q1 (Passive design)
A| 2 of| 1 | A Z-E(Zero energy building), 7 =& o]l 4| A] A4 ‘5(Energy performance of buildings)
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An Analysis of Energy Efficiency Ratings in Apartment Cases of
Seoul and Gyeonggi Areas -

LXIE*, F|FA* AQE
Ji—Hyeon Kim*, Hyeun—Sik Choi** U—Cheul Shin*'
*g el A%F o, *H(R)ATALES A& M7 AT

Abstract : 20219 QI4F & F ZAF Hu Ao mp2d i) 1A 9 F 355
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Key Words : %38 (Apartment), 71 &% o] A] & &5 (Building energy efficiency rating), ol | 2] & eFA A 7] &

(Energy-saving design criteria), o] 4 X] & 7% (Energy requirements), ©J| U] X] 4~ & FF(Energy consumption)
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Investigation on Architecture and Energy End-Use Characteristics of
Korean Apartments for Whole-Building Energy Simulation Modeling

|E|:|-* 7%85*, _E,__;‘Ei*, PAR=—F

Ruda Lee*, EunHo Kang®*, Jongho Yoon*, Dongsu Kim*"
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Key Words : o1} E (Apartment), A 5-of 4 | A]& & o] A (Building energy simulation), #l 2| u}-7] & @ (Benchmarking
model), A = )| o] | (Measured data), 1 2 of| ] 2] 4~ H|(Electric energy consumption)
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Analysis of City Gas Savings in the Winter Season According to the
Operation of a Air Source Heat Pump Linked to a Residential Boiler

QAL BEiote*, 227 AX|g* x| A@AM*

Muhammad Usman*, Yongki Kim*', Jiyoung Eum*, Gyeongseok Choi*
[ Ad7sdAY AU A A4

Abstract : J 5= 5 S ZAY3LE 9J5te] AR AASE o FoHE AFstaL ot

M= AEo A B &SI BRP)Z 431 glo v, LFA[of| A= %*” A= e A3st
= ‘%’é" A AR o A Th Rt ol A &A= A8kl QU B3, 2T 50 7] H s
&5kl glof ol A] bl et Al o] F7okaL et &2 ?L"ﬂ/‘i = ALGA Ao G R
Jo= 587 S flote] 7]E ARl 7ha R d Y SE A vha R d e o) A |
EfE 5o 4—4 OTOHH—J b P%Xd—‘i: I 7hAan RS Bl EAS T R
13 4m ol Z7 e &9 5 1, of7to| = AR E| R| oFt) Ykl o 2 =
£ ol &% HP“E*}%‘%}% AH8-aaL Qlet. 71E dela AlARlef F7HR A £
F*‘E‘:_Xd*é‘ﬂl 6kW, o} o] 7He 3t 12kWa 371 29 3| EHZ, 300L 2= B A d o s
2kWy, FCU 1t 5 A 2|8}t S| EHZ O A YAHE 507 60T 27+ 5225 AA 22 ¢
A HHJJroﬂ AA=l o] FFEh 1t 2] 3| EH o 4] AYAate %45 129] 7 Alo| 923 FCU2}
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Key Words : 7} 3-8 X < 2{(Residential boiler), 5 7] €Y 3] E % Z(Air source heat pump), & -2 %1 (Combined
operation), o] Y A] A7+ & IH(Energy saving effect), H]— E A}k (Radiant floor heatmg)
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Mock-up Production of a small One-room House and Climate
Environment Demonstration Test Plan for Passive/Active/Control
Technology

FA * *T
Ol_sg|-| , HHOtl| , 7I_g_7|

Seung—Taek Ahn*, Woo—Bin Bae*, Yong—Gil Kim*'
(AR BEA A B AT 7 S AZAE

Absiract : %3791 €454 2] el 2% 202 A8 oA & ALSHE Ao] o 58
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0] 3% U A B B B A Ee] A H T ek, AT H 2 Ao, BT 5
5o Bl TR WatstE A A Y A9 T 0] £A Hlgo] A5shn otk olo] TERH
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Key Words : =% 3=8(Mock-up House), A& ] X](Building Energy), 7] $-2}7] 4 ¥ (Climatic Environment Chamber)
Z A & (Empirical Experiment),
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A Study on the Improvement of Indoor Thermal Comfort and
Dehumidification Cooling Effect through Air PVT System in Summer

S = T
oot Ay, 247, 2I”

Aln Yoo*, Kanghyun Kim*

Abstract : Recently, as social interest in global warming and greenhouse gas reduction increases, various
studies on the utilization of new and renewable energy have been actively conducted. Among them, solar energy
is drawing particular attention for its infinite energy sources, applicability to buildings, and relatively easy
maintenance. However, the thermal energy that can be obtained from the summer air-type PVT(Photovoltaic-
Thermal) system has a high temperature, making it difficult to directly supply it indoors. Therefore, this study
aims to find out the degree to which the indoor air inflow of the improved PVT system contributes to air
temperature reduction and comfort improvement by comparing the PVT system using mist humidification and
dehumidification cooling that can increase the value of solar energy in summer. The experimental environment
of the PVT system and the improved PVT was conducted under the same conditions, and as a result, it was
found that the indoor air inflow of the PVT system through desiccant cooling in summer lowers the indoor air
and helps improve indoor thermal comfort. In addition, the PVT system showed the effect of reducing the
ventilation load by lowering the indoor air temperature using dehumidified and cooled air.

Key Words : PVTA] 2 8(PVT System), 1] 2~ E 7}<5(Mist humidification), | & ¥ ¥ (Degumidification cooling), & |
2 A (Thermal Comfort)
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Development and Validation of Data Center Simulation Model for
CPU Utilization Control

AOpEl* EIAKF ) O|RI2* ZoIs* M=

Ahmin Jang*, San Jin*, Chanuk Lee*, Minho Kim*, Sung Lok Do*'

shd|sha 24w Z ot

Abstract : QTE| Ul AF o] R Q13 T X o] g 2] 571E d| o] E| Al E| (Data center) 2] 8./
o] Z = L St} dlo|HAlEH = X g dlo| g & AAstal Hefst= AR, A, AE A 52
IT A& Bst= 54524 5ot glolEALE W IT FH19] 48] g 9%= @& 3=,
ol Al El = 1 E&of ulgl AA] 2= 7] g &l glo]EAlE Y We d535H7F A st IT %
Hj o] BF g 2 =2 HFE oA dlo]E & A ] sk A A QI CPU(Central processing unit)o]] 2]gt A o=
oo AlE W HEHFS CPU o] §E O W2 FF& W=t} CPU 0| §E0°| A5std glo|gAl g U
o] Z7Fst=t IT = 2o A fA g glojg &4 EAE f437] g2 Y AA8S &
SHIT %] o] W Af A A7F Dotk 2y glo|HAlE 824 Y oy ] Av%S 11
SHA] QXL IT ] 1 WA & $1g H& o &2 Wik A| A'lS 7 g o] o AL E] Wi o 1 #] 4
H B2 dlol B AlE AA| 48] oY 2] 9] 40% o] ZFA| 3L 9lom o]of thgt Hito] F4=4 o]
ch mhebA] 2 A= gloHAE W o Y 2] £4 2 93l CPU 0] 88 9] A|o] 7} 7Hs 3t A= gl o]
g 7|gt glo] g Al g & 7 ettt B2 EnergyPlusE Sl Al &tEglom, ndlo] 4352 A
= Yoy 2] Y IT F G- o] 83t R = qlct.

Key Words : t| o] €] Al & (Data center), IT % H|(IT equipment), CPU ©]-8-&(CPU utilization), % o 1 2] (Cooling
energy), A& | o] A & @ (Simulation model),
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Effectiveness Analysis of Simultaneous Heating and Cooling System
with Solar Energy Absorption Chiller

O|AIB* O|REI*, AlCH2*
Seokhyun Lee*, Yujin Lee* Daeuk Shin*'

ATt A5

Abstract : 5 A] Y W= A] A =] (Simultaneous heating and cooling system, SHCs)-2 3] E 3 3 3} HH o] 25
o 2 it Beojel Gt Bt AT 4= Q= AlAd o)k whebA W ek wdbo] g Ao B gk
ol o) 9 BT K] To]h, WHT o] Al ako] g4k BASIA pfone Bx A 7]

o] ARg-o] &7t steh. 3 Aol A W #oh7h T FotEth o] Ad il 7 e o, S A

WA A" O 82 A AL X o Y Bobs B2 YW 71715 ARg-efof ghrh. dREA Ql F 4] |
& 7](Absorption chiller)= A7) A Gt dS AH&stA g gFd F44 WE7](Solar
absorption chiller)= &=4] W57 9] Y7ol A Bas A& SR F5dt= FAlolth e eFd
(Solar photovltaic)> PV d-& Fafl B & LA 3 sto] A& AstaL, A& F55t=
Al o8 ARgE S gl o] of & =&l A] F3g 7} Bff &F & (Solar heat)

= Bl ol Z](Solar energy) ] El
£ A2 pvald ot Sy E 7ol 2-8-5to] Wt skl skt F Al ol A 8t
she 712 2] A1 Al 29 0] of U ) AHg-Fah v el s 4 st

Key Words : 5 A Y3 A Al (Simultaneous heating and cooling), Ell &Fofl 1 X|(Solar energy), T4 Y& 7]
(Absorption chiller),
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Evaluation on Heat Exchange Effectiveness and HVAC System
Energy Consumption according to Fouling on Coil

Ziare, otol*, Zols* =4=*

San Jin*, Ahmin Jang*, Minho Kim*, Sung Lok Do*'

Abstract : HVAC A28 8 5, a9 e WA 5. 24 A 5 chopdr B0 9 2.9go] 4]
2 B2l =B ol 9l7] ujie] Alzko] Aol mtet 1 o R AR L QB Ho| WA WA
= u], o] ej gk WAHE Th& ol ebm Sk hew & 1Y o EH] A A ATl 31

oldwsl s are ﬂ*A]?]D% o] A HVAC A| 2 Hll 9] A5 A3} W of| L 2] A&-3F F7F2 0]
oAt wetA B A= AE oy A *lgﬂﬂol = ¢l EnergyPlus ] Fault model-2 ©]-&3}o] u}-&
&g o] WAy Bl A 8-S 7G5kl o gt o] WA A, 3 §-8 =L HVAC A A F) 9] o
BEAstgict 24 A7, o E’_ﬂ oL AV}OI Aol whet ghast g ow, YR &

AW oYY §-8 % Aot W oA AFEEF Fe Bl F FFS A= AL
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o
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Key Words : 1§ = 5 Y (cooling coil), T+-& 7 (Fouling), & 1.3} -f--8 &= (Heat exchange effectiveness), ol 1 A A}-8-5F
(Energy consumption)
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Performance Evaluation of LSTM based Solar Imradiance Prediction
Models without Long-Term Local Weather Data

HHT[* Zo|z*+
Byung—ki Jeon*, Eui—Jong Kim**'
#olstelshal thekl AntEAIE gk}, st elu 71555kt

Abstract : 71z 2] Predictive controlof| A 7= 75} 9l Al A A o | 2] o] AAbekol FoFe = LA
< dAlSote AL W Fasteh ey RE S YA S e o4k A Aol A A SAH

SR

l” tlol8 & &l HES& 8F<5dh= A o] YHbAoltt & ¢of A= LSTM layer2} BI-LSTM layer
£ &331 Hybrid layer 7] 9FS] A AL & 2 El-S A Qt5)al, BFX| & weather data® SH53F L El of of =
ok ol S A A R T 0 2 A st A
}041 el o RMSE 69.5W/m'2 A& oS A|o] &0 2 B83h = 9= £39] 035 WYl

1]0115%7} ERA] Al o = EEstal 7| & s A oA ST A7l oY = oh5et mE ) O/\F
PSS Bk s eats B ool A B2l o2 AutE UAL o & 2dS 7] E(76W/nm?)

2 S AR 2.4 Sgolul, Al ol A 30712 B ST 27 Hlo] 82 ALk o]
Agtel mEE el 7|7 545 Fofl dlolEuo]ATE & k5ol %l X9 9] HlolE & &&=
HHOR AN o Zste 48HQ R Beo] THs st

Key Words : 2] d (Deep Learning), =% H 7 9 A} (Total horizontal irradiance), =228 o] 2 A ¢ (Model Predictive
Control), LSTM (Long short Term Memory)

TCorresponding author, E-mail: ejkim@inha.ac.kr

o
e
oy
rr
ot
4
2
4
2
e}
1o
2

] A LS drol =3 E A (A ¥ 3 2021R1A4A1031705).

* 106 *



2023 KSES Annual Spring Conference

BEAIES 0]3F 37] € S|EHZ AL oA Aa
gl

A Study on Energy Efficiency of the Air Source Heat Pump System
using Refrigeration Cycle
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th 37 QYU FEHZ A AELS F7E Yo ARG R, A Q] 7] Lo thE A% AT
ZhEAE = QU ofof, & Ao e WY & Al 7] S S EHZ AL A5 A Al
Y-S NSl gtk ARk o2 Yl = Aol YsAelEY ST HES 2SS, 5
71482 Rers de A vehdoh 3 A A L7 Al &, 571 A9 Sl 9
Zote, FAdT A & oA S| W Alojste] FUV] & Qusds 2HsH 371 &
A EFZ AL s AL 5 Utk YeAlES B850 SE7] 5 gy ekl
e L7 WA S S ollv A A WS TSk e Alo] 2 54 ol | A AlE
glo] 4% TRNSYSE o] &-3to] 24 9l G713k iet. 71 Alo] 2 Ao d 529 ti 4 &3 A
R410A Yol & AFE-3H= 2 Yhs o] 453kWel 7] Y S|EHZ A Ago 2 fojeE
wA st AA skt R A 7170l tig 24 2af AIbRE s A Alel Wi el 71E Aol |
vl 2, A, Bt B 5ol FFE EFEHS FUSHAT B3, 71E Alo] v W 24 A
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61% 7232 2Halshact.

Key Words : &7] €9 3| E ¥ A] A H(Air source heat pump system), WY 5 Al o] Z(Refrigeration cycle), A5 Al 4=

(Coefficient of performance)
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A AEAH Wi 74 TE Aol
33

7:]%7‘(1?-]. v o0
A9 Aeplo|x] wAE 3

) B3
Effect of Heating Cushion Mat use on Heart Rate Variability of
Residents in Office Building During Heating in Winter

QU R 5

Jaehan Lim
%55t}

EHP(electrlc heat pump)7} A x| & o] A &4
[e)

ofshol At ahin A%TEA A2
¥4
8t AAbo] Lhebdo 2 Qla) AR} o7
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2 Fat
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Aura o

Abstract :
o e, o
3

_J_z /vl u] = A4t
o
SR e o1 Fleh S A oA A S T RS 01§ Hef A olbaroc
A A2} 2] A 8FE o] &= (HRV, Heart rate variability) 2} 4] 28k
el WA = Qg 1A e] el A wat
Ao =M, A
3 7}sl o), vk A

B o g JH3l= HL
2ATHO RN, TR

213 ] HRY, HRE 27 5}o] u] i1
ol AL v A EAE

A S E S o] Ay, HRE b Wt Zo] 2

of. oy, # g4k

= 2 -
‘:fé*\: 3o
o =
E-.%:_OH

U S(back)S
&S (HR, Heart rate)2] H3}E
Ek] o ux%o]_odq_ :quv _,_]61 ]_
2] & %$§A1 HRVL} HRo| 78 A Al #}o] & o 5 2]
A= A3, 53U Ay FH x4 HRVE
Wk B3 =54 ol A HRV M 310] o) & A5 whopdd &= QL%
©2 ghehe .
AF£ o Zh(Predicted mean vote), A1 BFH

A et
2 HRV H3}5 /o] AFolsto] dutsl= o= A
Zr(Thermal sensation vote), <]
(Heart rare), W= S- 4 1j] E (heating cushion mat)

Key Words : =+ Hk(local heating)
0] It (Heart rate variability), 4]
A 519] (2023R1A2C2007911)
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274 d&A09 d& Ao &S 3
Pre—coolingd|& 29 7jjut

Prediction Model Development of Pre-cooling Amount for Simplified
Rule Extraction of Model-Based Predictive Control

gEM|Ol*, Z=Xfet*
Semi Park*, Jaewan Joe*

QLS EERES LR

+

Abstract : Model-based pridictive controlMPC)E A A| AEo| A L& F}7] Y= Ydt7] 7)1 A
Al 7r S 2 A 3}HE = MPC simulation®] A ¥} 712 31 implementation program} ¢1 2 5}+= 1} o] = Q
seh. oleleh 34 -& Aol Bitel7] vo] FHsheT] Be A7k Eo] £mEth ek & A
T ol gt g A stal 712 Rule 7] ¥He] Ao 9f o] MPCE +@ 37| 913 71 A5 7]
HEo] Zhekgt Al of 5f A& &= 5} o] implementation 5}= A& H R 2 qhrh 2 A= A WA GA =,
MPCE &3l A4 pre-cooling®] -3 sl A& 917]-2, YA o3& 4t (B+f, A4t 5)= °l &
sto] o &5t 34 mdS ekt di Y A2 etistn Ao A o] & ARRA Sk}
u] =+ 9] Oak Ridge National Lab®] 2% 2 2] AF¢Y) A& (Flexible Research Platform) ©]t}. A] &3 o] A
AT & Eote] 7120 MPCE o §3 Ak} vlmate] o] A-gSHE S5 Wi o ui A L v
| Aol A=A

Key Words : -3 (Implementation), =& 7|Hl o] Z#|o] (Model-based predictive control), L@ o]utA mE

(Grey-box model), regression
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Development of Set-point Control Algorithm of Economizer System
using Prediction Model

Sq%* = kxT
o|Zled*, =EE

*x T

Jinhyun Lee*, Younghum Cho
REdithn FHvIEdAFA, Frgdiet e Hd5et

Abstract : Economizer system is one of the measure to improve building energy efficiency by reducing the
cooling load through the introduction of outdoor air during intermediate season. There are dry-bulb temperature
control and enthalpy control in economizer control method. The dry-bulb temperature control considers only
sensible heat and has a limitation that humidity cannot be considered. A control that compensates for these
limitations is an enthalpy control. Currently, economizer system is applied only to some large buildings, and it is
not properly operated, such as being passively operated by the manager’s experience. In addition, the set-point
of economizer system is controlled at a constant value. Because of this, in some outdoor conditions, indoor
comfort and indoor air quality problems may occur and energy may be wasted. Therefore, it is necessary to
develop an algorithm that automatically controls the set-point according to the indoor and outdoor air conditions
when controlling the economizer system. For this, a sensible and latent heat load prediction model was
developed using the Matlab. And using the developed prediction model, an algorithm to control the set-point of
the economizer system was developed, and the developed control algorithm was evaluated through simulation.
As a result, it was confirmed that the energy was saved compared to the existing control when controlling the
economizer system according to the application of the developed algorithm.

Key Words : ¢ &% % Zk(Mixed air temperature set-point), 3 ZA| ~E/(HVAC system), 2]7] Y Ao
(Economizer control), A ©] & 31 2] Z(Control algorithm), of| = & &l (Prediction model)
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% 7|
o] AT AREAINEHREANY PO FRATAGY (UL Wob 4AH AT(No. RS-2023-
00214493).

<110+



2023 KSES Annual Spring Conference

2E3 Fd9 9y A28 GaNs F7}

A Study on the Evaluation for Envelope Insulation Performance of
Modular Housing

o x|*T = Kk O X k*
ZRZ, 0|8FE, 22F

Woojin Cho*'. Yongjun Lee**, Eunjoo Oh**

A EAS AEFE ENGA 7 ed e 7E0E,
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e ol A AR A e Qv gekl A4

Abstract : 2 91 7= WES FElo] 2 83 S0 o8 Al AR(DW)] o) e w vt Lo 2k G
25 7k Rglu LA U8 3R A e A Al B o] 4 Bl A1 A 3
C D

WA sHE Ao o

s ASHE A0 R AESHATH & Aol A AT 9 SAEDC AnEw el o]

Typed 02 AT 23709 HEol thote] 2T AFARFE ghat 14U ABFEL )

wakgich 3 A o] GoFS n AL 0 WeR FO o A28 o A £ Wt
e

= o o
AolA &8 Al TEE oY A LFS 283 BEs) +
= g

Key Words : & 53} 5= 2(Modular housing), <& 22 A A #l(Insulation Double Wall, IDW), & 1 (Heat bridge),
g

71 & 3} A (Heat transfer analysis), ¥+ < 4] 538 7}(Insulation performance evaluation)
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Possibility of Embodied Carbon Reduction in School Facilities due to
the Application of EPD Materials

Ax
Jaemoon Kim*'

F(EAFA D FAAT R 7edTa AT GE

Abstract 1 2 170 B4 kA 297) AHEE Ao AHE AT B
29l AP 5 AT PP SRS A B FE S ASHE Ak B G
A3 B} Tool AUSHE T, 5 20749 2.5

s

Ut 2o AE TR P o8] Holud 4 AL ol YA 1 glo] A A A LdTA

Fok 274 Q) SAZEA A AR )Y A5 B8] Ad o] 7 sheh. el gs] AR Aol
A A B SAILA A B ou ] ¢ FRo|A 27RO R 2AAS AAA] ] 919
AAFEEA ] A B2 G a2 ] sk 6t $H7 G aFe] AR A ol A AFS] 57 <A 7} 2 ) 5}
+= H| 2 GWP+= 83.3%, ODP+= 94.4%, ADP+= 91.6%, AP+= 77.9%, EP+= 76.3%, POCP+= 93.9%% X}
A sHch A9 ST A = R A E, A ANE, 24, FHuEA B P2 A 27} A sHe
H] o] A Lhehigeh. ol gk ApAf ol ) AR A o A o] LAk A7k AAZ 915 71 oA
Aoz BARARA S i ATALSS WE AFOZ o Hshe] 4] AAEA Y 1]
3| = A 3} GWP 38.2%, ODP 78.2%, ADP 28.9%, AP 33.24%, EP 25.0%, POCP 76.8% A 71 % Ao & 24
=] 91ch. o) 5 A4 4] A ke Ao 4 o] H7h-2 2§ of 4| GWP 11.96%, ODP 38.96%, ADP 13.21%, AP
118% EP5.53%3HE A7) S22 B glch thebd] AAGANA AAHF RO 2w 2472
2 A % 9ol AN F8AH AN A%E AR BIIE B ABREY LA WA
22 919 AE A AR AR AE AL 919 A W Bo] 24E BastUS Rom
REEE

Key Words : 2 74 3 7}(Life Cycle Assessment), 31l A| A (School Facility), 6t} 273 4 3F Q 4~(Six Environmental
Impacts), EPD(Environmental Product Declaration)
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FIND: A Study of Revitalization of Energy New Business Based on
Platform Business Models

HERHE*, MRIS* HEG* AR
Chae—young Park*', Jin—seong Jeong*, Jun—young Jeong*, Nam—kyu Kim*
s A EE A

Abstract : Tt g5 A2 2021 1Y 2575 A S AN A A o] 224 3hg o whet o] e AA
AH 25 Algst7] $18l %%‘i%‘— of 719kek A& SRl QU fh=rgs A2 2017 9 7

q]ohfl—/\]-ﬁx} A ZMEQ FEUs)S £ &9 Fold 7|& AYS &8 (Finance), X
(Information), A1 A} ¢} (New Business), t] ©] ] (Data)—J 47} 2] Hokz /| Halo] BALE A Y =49 oy

Z| & 2 & FIND(https://www.koenergy kr/platform)& =3}t Al SR ES Z3F F8 Aoz
2t A SHARAG ALY G E AF 2} A A o | 2] 55 1‘51 W Fol slew, 47|«
AENEE Tl = AFYS X161 QU 1 A2 e ATA a4 A LS 539
g AT AR AE 7| gskar glom, 2ATFAS wjEH A o S F e e 2 435 oA
AP A LHORE F L7] W&l 7HEAGARE Tl E AT Agoltt o] A H T=id s
S 2R ARIS Ba o A ALY BB ia o] ol Au| A A g Feeln
olet.

Key Words : Z 21 1] =1 A (Platform Business), Al| A of| | X](Renewable Energy), oIl 1] X] A1 A+ (Energy New Business)
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Detection of 1-line Ground Fault Location in Photovoltaic System
using Half Voltage Method

0|87, EaYU* oM
Yongkyu Lee* Soonil Hong*, Euiseong Choi*'
Y| Lo J A A Y E

Abstract : %] Ao U] %] 302052, 2050 $4F Y F AR ol Aol whet A o vl A A
H]9) mFol 2w gk AR Fol A= B4 Fakak ehebe] % o U S WIAA A
718 AAFSHE B Aol S 480k A% )4 F7hsta Qlek. SHAIE o5 2o X s
eoF A A2 g 2R Al A Q1o o3 cheFat e o] ;Ao MAE 4 Glek. 5, 141 42
DS B ALY AMEE YA AT E 4 A E

2hx] ol 25t A& A Asty] $1gt 7] At E a5t

£ AT AL PR A28 14 A A E57] 918 6 AP AL 2 gshec u
APA S B SE 0] (ERtel A F.G Aol o Ak (Yetel A EGAFol o] 2 gh-& 235}
o ZAE A ghe] BAE o] §3te] 14 NGNS AZT 4 YUrh B B AT AL FS
Fobo] FPLA A2 14 A 13 XS 4SS - Yo AT A 71 &S
PR AL BES AFAIE 14 AS DG dEte] By WAL Aol AR
Moz e st 7ol Ao 7 g H

Key Words : ¥+ 7 ¢} ¥ (Half voltage method), 141 X] 2h(1-Line ground fault), €fj &F3314 A] 2 & (Photovoltaic system)

TCorrespondlng author, E-mail: : yglee@neo-ec.com

<116+



2023 KSES Annual Spring Conference

P 2AED ATEE ol4F WIS 34

Estimation of Power Generation Performance using Solar Physics
Models and Machine Learning

QEFFHF AR FGEM WSS, Eao*, (B DA ET HE AP
Hyun Gyu Oh™** Woo Gyun Shin**, Young Chul Ju**, Soo Hyun Bae**

Hye Mi Hwang**, Gi Hwan Kang**, Suk Whan Ko**', Hyo Sik Chang*'
teadh U getr)sdieh, HHeaol U A 7w At Aol A At A e ekd At

Abstract : 2 =Fo| A= AELA Y g FFEABIPV) Al 2”0 A HH 5 &89S
3 39 daElEE o] &3 mAl# Y B A tetrh BIPV A AR o= H 7 BEo] 4
o, 35kWa AHE Y &4 tolE & AHEae] AES = A oA = =
28] Zdyl At nd-g AR S H HAF o IE%QP H B Aot 3 A 7] &
AHEE Gl o n ZF mElo] A A, WA S L L AHRMSE), FE = E Hrtetal AF 3
Sy A A Aoke Rl F2] BEgk AFS-3S uf 2 o} RMSEZEO] 0.1046 kW
I AT E 10.12% T4 E AS 2 JEFGE S YT 2 =Fo A Xﬂ%fﬂ nde a4 n
&t Ao vl8) AF A5 7S AbEste] Bop et 24T A S T 5 e 58S 7R
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Key Words : A& YA 5 g LA BIPV), 3] & 1l2]Z(Regression algorithms), F oA & 2 XHRoot mean
square error), A& 3] 4] (Linear regression analysis)
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Bypass Diode Heat Detection and Failure Mode Analysis at PV
Modules with a Thermoelectric Module

9||_|

DB, AEU*, O|RR*, MRT*, TME SHFEM

Jaehwan Ko*, Chungil Kim*, Suwoon Lee*, Woo—Gyun Shin**
Suk—Whan Ko**, Hyung—Jun Song*'
A e e e S AR o Bt o el et 1 P P R Rt B s i Bt

Abstract © | 933 5.5 o] A Hot-spot¥} B}o] 9 2 tho] @ = 3142 WIH LA WA sh= o 2 Ay
Al HRoIf A o] @ E O] R 5 o] A A BE&S ASA7]= ez A A Uk ek
o= 24 A By mE] Hho]sh 2 tho] © 1 A 5487 ol A Hotspoto] A5t
F7F E A 100C7HA] 7353k Hhol sl tho] @ Eof Agto] MASkaL IHE 7}
oH A WER AZE o ofdo] o MRl AMFR 527 Ho] LE7200TA
AANs Sgolu SR A2 E ¢ Ut o] B 2= AeS BUE S| S8 HA
gsto] BAME] L] /et A 242 Hlo] B2 tho] @ Eof {atshe] W A gx
3 =2 B S urokS A A5} A} SFek. ookt ) AFE A 7](600, 800W/m )@} 7] %(0, 20,40C)
oA G 22 WA e A5 At AEFo] 600-800W/m? ¢l 7 Hot-spot 57&"1]*1 a4
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Key Words : H}-o]uj] A t}0]| & = (Bypass diode), & % 4 Z}(Thermoelectric module), 3k~ 3H(Hot-spot), H}-o| afj 2~ T}
0] 2. = A3H(Bypass diode Failure), 2 $F & = 4] (Failure mode analysis)
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Machine Learning-based Solar Power Generation Diagnosis System
for Diagnosis of Failure and Life Prediction of Solar Power
Generation Facilities
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Chang—Joon Kim*, Young—Seo Kwon*'
#Z22] 8] A} A oA 0] FLo]

Abstract : 2 917-0] 54-& g b a7 0&M B4 EHE 919) ABA 571 WS
Au 2% D el A Aekats] Aol B AP AU A/ EATY ¥
FFATHIY FF ATES B3| AU P TAY AT SWES Ao, Y X2

S s 2l » B —

15 71RES] WAl e 7Rk e Fad W AHA| A" S L5 s Al ' Bk T
muk ofjel AN, LEo L dlofel7|uhe] B AT T Fol AAUAY e,
A WA g v sto] 2 ] AEjof S AT = Utk o] & &E-5to] HiFEE AL T
& 2ot AlBe ol Rulg melste] WY 2 Johw S P4A Y 5 ok B A7 ATE
o 2 mAley 7|uk e g sk AlEgold 2k dlo] g e AA A dlo] g 9 Hlul-7A
2 B8 Y A2 MEFO RN B ARG ROl T ALE WA F 5 AW, 7 E FFRYE Y
AT 22 @t Ry Fo] ofd 3R 5 &8 AAE FA/A A|AF e 2 A 9] AT
71 5= U Aoz 7dE

3% 4= o X](Solar power life prediction), ™Al &

Key Words : €] 9533 1 A2 th(Solar fault diagnosis), Ef %3
11 2]Z(Solar power generation diagnosis algorithm), 2] g 0]

(machine learning), B &F3F A aF Aok &

E] £ 4] (Big Data Analysis)
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Load Analysis of Floating Offshore Photovoltaic Platform Considering
Multi-body Interaction

AUX|L* nEEEH EHH*, LHER
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*is7lEdqtd 2oy |/ dE e AAlE

>
Z
2

D Y WS R o] A H ol uhet A e 0l S A o
2 ABFO RN A HA BE AL U BAZ H25] 919 = sha ek
A AT SR A Are] T H L ST TRFILE Do) Aol Hp4 L&
2993 7 9lo] By UL SR Al LW S TE oA Hek B WA wS 9% it o
oFd BAEY] A ole] o] w9l fulSol AAE o] st AL T Hed] ol
9 fUEL AU oR £y HAAES T YO AAT T2 9o B o] HAH
VA2 2 oIAT APIIFE AAY AL Y 4T L 25 5o w2 A
WA PREo] W 5152 AN F30 uhek g4 kst Axt Baste 1x
S0 T AT PAT AT EAEE w20] hE 712k Shielding efec7} ¥ o5
2 Qo 515 AL SN TEE 2h) HEAGS v oA d4o] 27Tk B Ao
A ohs il fulos FAE Sy SAEe] tisl B A4S Ba) 2EEH B9l §u
FAASE RE S0 g3 A g3 Aot OEA A Fo) m2E 2 fule] A 5
b el w2 EREY 55 ek 54 Bels

A%E A 4 ANE v FEstol g
o), Aol W Aol HS HHskel 3 CHEA R o] Fol 4l BjeFY FRE thsh A 5
F 4 P e Arstaa gk

Key Words : 5-3-2] 3l A} el] 9F33 & 2 2 (Floating offshore Photovoltaic Platform) THE-#)| 3| 4] (Multi-body Analysis),
7} & 7 (Shielding effect)

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

= 7|
2 ATE A S AR Y F(MOTIE)S} gh=to| 1 2] 7] 4 % 7HA(KETEP) 2] 2] 1S Rbo} =8t &1 2hA o Y th(zh
A ¥ 5 : 20203040010240).

*120



2023 KSES Annual Spring Conference

% B 77 ouin 9§ QdERyA

Transparent Photovoltaics for Energy and Human-electronics

AZESY, ma|Y7}t HEELZF, YA AR 0 opet
*T

Priyanka Bhatnagar®, Malkeshkumar Patel*
d e et TS P B g

Joondong Kim

Abstract : Sunlight provides a huge quantity of energy and has enormous potential to satisfy energy
requirements on a global scale. However, the present class of nontransparent or opaque solar systems hinders
the wide adoption of solar energy in natural environments. To overcome this obstacle, we herein discuss the
production of solar power through transparent photovoltaic (TPV) systems. A TPV device transmits visible light
but uses nonvisible light to produce electric power, which can be used to supply power on-site where power is
consumed. The transparency of TPV devices allows them to be used in windows of buildings and vehicles and
in displays, thereby supporting the shift to sustainable energy. Moreover, TPV devices are promising for human
electronics and neuromorphic applications as self-powered invisible devices. How will TPVs revolutionize
emerging bioelectronics and memory applications? The concept of invisible electronics has grabbed tremendous
attention recently, as evident from its application in transparent solar cells. The use of selected bands of
radiation for energy conversion and the transmittance of visible radiation by these transparent devices has
opened an avenue for solar-to-electrical energy conversion. These TPVs offer the significant benefit of being
transparent in the visible range and are thus freed from the visual barrier of conventional opaque solar cells. As a
result, TPVs can serve on-site as invisible power generators, such as in windows and on the surfaces of
buildings, vehicles, and other structures. In addition, it endows these devices with the capacity of self-operation,
which is a highly desired feature in today’s optoelectronic devices.

Key Words : Transparent photovoltaic (TPV), On-site power, Solar-to-electric energy, human-electronics.
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Spectral Mismatch Factor &4 &4
The Characteristics of Spectral Mismatch Factor for Solar Cells under
Diverse Atmospheric Environments in Korea

A7 AT AR QI
Chang Ki Kim*', Hyun—Goo Kim* Yong—Heack Kang*, Myeongchan Oh*

sqrol v 1714 A7 8 AR AR A E AT

Abstract : 2|7 47 7|4 €] Where djop s wi Ale] & 80| X4 0 Sohahw gluk g}
FA Ao it B ARt om & AY PH]E‘— 3 A o A o] F A =4 ASTM G-1730] 1
A2 Air MassE 1.52 X512 u]A|HZ] 5 d 7]

2ol th. ASTM G-17391 4] B¢ A4 72 4812
2742 1976\d vl= W7 E F83Th E}E}H o) A H 2] % E = Angstrom TurbidityS 7] &0 &2
0.0840] 3L =72 71 #%k FHYS W 142 emE ofvf. 2 AA| B7]| 242 olek=
Z Aol 7k Slol B s e A AA d7|F o A8 P o o Aol7t X o] &
Spectral Mismatch Factor2} A 2]3}o] A #s}sl=0] 2| Ux e ?];—",LOﬂ o3 AR 7|3 ol A
Perovskite= Z| ] 11% A = A &0 4TS EGI,CIGS =3% A=A G800 4TS HS.
2 Aol M= -2zt di 7127 ol Hi s Al Spectral Mismatch FactorE &4]35F0] S0 d&F=
= EOMAIoF A o th 7|k o Al 2 A o A A 5 whefstara} gtk yrobrt Al A =2 Spectral
Mismatch Factor7} 2}o] 7} A8 8= o] -5 ot 7] 220 Shofl A Al A8} A} g,

Key Words : Spectral Mismatch Factor, E] % A® E = (Solar Spectrum), Al &8 (nameplate efficiency), 7] 427
(Atmospheric Environment)
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Transparent Photovoltaic and Photoelectrochemical Activity for
See-through Energy Systems based on Co-sputtered Mo:BiVO, Thin
Films

Shuvaraj Ghosh*¥, Malkeshkumar Patel*, Z&=*!
Shuvaraj Ghosh**, Malkeshkumar Patel**, Joondong Kim*'

rerdfska A7) st A ou A §3 dra

Abstract : Nowadays, photovoltaic (PV) and photoelectrochemical (PEC) cells have engrossed cumulative
attention for clean and low-cost sustainable energy. Here, we propose transparent PV (TPV) and PEC (TPEC)
based on sputtered BiVO, semiconducting thin films to unite electric power and hydrogen generation for
see-through energy systems. The Mo-doped BiVO, (Mo:BiVOy)-based TPV and TPEC devices showed better
performance under white light illumination with an average visible transmittance of ~60%. Such enhancements
are due to the Mo doping in BiVO,, which offers better optoelectronic properties suitable to TPV and PEC
devices than BiVOj thin films. Mo:BiVO,-based TPV-TPEC device shows a high open circuit voltage of 0.43 V
with a fill factor value of 33.8% and a short-circuit current density of 0.415 mA/cm’. These co-sputtered
Mo:BiVOgs-based TPV and TPEC devices can further enhance the robust power-generating systems for
see-through onsite energy production.

Key Words : Mo:BiVO,, Transparent Photovoltaic(TPV), Transparent Photoelectrochemical(TPEC) cell, Co-sputtering;
Thin film
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TCO - based Transparent Photodetector and Enhancement of Device
Characteristic through Bias Tuning and the Application of Device

O|Z=Al* Naveen Kumar*, Malkeshkumar Patel, ZZ=*
Junsik Lee*, Naveen Kumar*, Malkeshkumar Patel*, Joondong Kim*'

*Qlal oo}

Abstract : Most transparent ultraviolet (UV) photodetectors are composed of metal oxide materials with a wide
energy bandgap. Here, we manufactured a high-performance transparent photodetector that specifies the UV
region using a heterojunction structure of a metal oxide (n-type ZnO / p-type NiO) with a wide energy band gap.
In particular, ZnO and NiO have low harmfulness to the human body, chemically stable structure, and low cost
due to abundant reserves. Our device can be applied to various fields of photoelectric devices including solar
cells and a photodetector. This NiO/ZnO structured device can be operated without need for external voltage
due to its high power conversion efficiency from P-N heterojunction. But we reported that the optical response
speed and the photocurrent were improved by applying a reverse bias. The characteristics of devices and their
effects on electrical changes inside the device(an increase of depletion region, improvement of carrier
collection, improvement of carrier velocity, an increase of the electric field intensity, etc.) by reverse bias were
analyzed. Furthermore, we applied this device as a UV monitoring system is able to measure UV dose by
combining the device with machine learning.

Key Words : Transparent Photodetector, TCO(Lighting energy saving), NiO/ZnO, Reverse bias, Machine learning
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Lighting Residual Gas Analysis methods of PSG Layer Growth for
In-situ Monitoring of Pilot-Scale CVD

LEM*** &£5|2*% HMO* RIOH* UZ* =¥ HZPewx ol
O|AtE[* 2TpE**

* %

Munse Kim*** Hee—eun Song*, Sung Eun Park* Yunae Cho¥*,

Yong—Jin Kim*, Dohyung Kim*, kyung Taek Jeong*, Min Gu Kang*'

*T *xt

Sang Hee Lee™', Ka—Hyun Kim
“golu 2)7] <A 7 BopgaTe, **FEo)stn Bejety)

Abstract : In industrial settings, predictive maintenance (PdM) for the chemical vapor deposition (CVD)
technique is indispensable to prevent unexpected malfunctions or defects. The residu-al gas analyzer (RGA) is a
suitable tool for the PAM as it enables in-situ monitoring of the var-iation in flowing gas without affecting the
CVD process. In this paper, we present a method for the RGA -based in-situ monitoring system for
phosphosilicate glass (PSG) deposition process in a pilot-scale low-pressure CVD (LPCVD). By using the
RGA, we explored the thickness change of PSG film depending on the amount of supplied reaction gas during
the CVD process. Based on these results, we were able to successfully estimate the dependence of PSG
deposition growth rate on the flow rates of the supplied reaction gas. This in-situ monitoring method of thin film
growth will contribute to establishing PAM strategies by enabling better reproducibility and quality control
through the closed loop systems in mass production. Furthermore, it has the potential to support the
implementation of smart factory systems.

Key Words : Chemical vapor deposition (CVD), Residual gas analyzer (RGA), Phosphosilicate glass (PSG), Pilot-scail,
Predictive Maintenance (PdM)
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A Study on the Personalized Building Solar Application Information
Modeling (PIM) of Architectural Designers and the Establishment of
Open Library

ME e, 27s*, argE, argde

Hyunwoo Jeon*, Kyuhyeok Choi*, Byongjun Park* Kyungdo Park**

“ujofo] ol s, +*ATlatE A%t

Abstract : X[ 0] &3 S gFE A& ASFE0] H7| YA ASHAA AADGAANA A
= HAIE 2 A EF B AV B astoh sk, AS A A AFO Aol A oheFet A= Af
Al et A F5ok, A 7] &oF, AdH] T A E ST A o= e dfof = BIPVE 54 &
of A=9 AATAHANA HAEY HFF F-E&st=t ofH=o] AUct £, AAAdANA= AEHE
9] 4 A o] BIM(Building Information Modeling) 7] < Z|-8 2] o] 23}7} A3 Zo|t}. o]of ula} AE 9
£4:¢Q1 BIPVE BIMC & 7517 9|4 4831 BIPV Al Zof thet BIM X &7 AAE A=
A Ao wpet Este], ASAARTE AAGA of| S AHEE 4= U EF golHE P& 5
sk Aol Fasioh w3k, &3 gto| B e & o AtE0] HeYs A S8 = U= dY S
7k 3= Ao] e st} o]of B Aol A= BIPV ALY A A E Z3HE flal A S A AL A7 A A AL
A4 A7 BIPV Al Zofl A FEstaL, ohFet A5 Aol -8 4= = BIPV AA Al Ad 5
1715 BIM 7| =3 AAREBIPV Al #2 &9, A7), 5, MY 5 B FEE 5510 8T
] = PIM(Integrated PV Information Modeling) 7| &-& &3 S EXZ 3T PIMY7|e2 AE
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5179 A (Building Information Modeling), A& 3 €l &F33(Building Integreted PhotoVoltaic),
7HHrE 2fo] 2 8 2](Open Library), A| & g ©] A (Simulation)
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A Study on Designing the BIPV Test Method in Vertical Flame
Spread

B | 24+
Kye—Won Park*'
St A E 3] A A A

Abstract © @A BIPV K5 A 62 KS C85770] 2Jsff o} d Al R ol ofsiA 1 apAf et
stal glou, ol 4 A e o A He 84 LE| PV ettt & Bk A
A P oz A H = PVAILH o= AsHA] g 530l itk Sl + B FE Y
o ol o7t sfA Aol B TEE A 7] 2ol =2 A PVAIA| o WA & 1L
7R o) o] Fasith Himo] A A PVoll& ol v A ags Aetstr] e v e oz i
B A AS U fe S50l Rt e Aol A E L et ol= A st o] 2% avs
oF7IAlA A& A9 A2 S E & Qe HEAde WASL Atk whebA =2 § BIPV
= W5 S50l et =4 7|7 S92 & AT = e B 7R R o] F5E ol oF A =
2 S UM 5= 7ol 2 Aol A e A st Mg o] e g o] A Aol gt o
T ARl . o] & 8l 1) IS0l Al e = =4 AR E BIPVE| MET £w 2 274,2)
Bt ol Al == BIPVY] 552 A7, 3) sl )] 478 &8 L &7 T 9ERTF] A,
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stol = st bzl g o] B AlF ol 7| = A== 7|4 rho| =t S5 AAH. o o
OF7FISO TCOA= Al F23} 7] SHA S 71a 8ol =2 A BIPVE] S B 7P & A4t =
Atsto] Al FEE L2 TS F7HA A HREE AASHL o, 52 22 BIPV 4t A 9 7| &
M A 22 FrP|E A S =0 28 o s 7| o IA} e

¢

o

Key Words : A=Y A & g 933 (Building Integrated PhotoVoltaic), $14~4J 5(Reaction-to-fire performance), 3}#} ot
Z (fire safety), ]% A} (facade materials), =3 3=(air cavity)
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Building Integrated Photovoltaic System Standard Status and
Empirical Study

ZeN* 2o|sk 2Rl
Deoksung Kim*, Euihwan Ryu*, Kyujin Kim*"
A=A AR A AR

Abstract : A| 2o U A= FAS 91T A 7led A=LAD o FF A2 (Building Integrated
Photovoltaic System, ©]3} BIPV)o] A1 Z| Ao 2] G A Y ALY 5 A H o A YUS B8l A|H o] 22
FLER sl glow, dnt Hifd RERET Avd SHAAM 7= 7H%_°l OlTOVlJ— k. o]
of whe} BIPVO] thorst A E S 583 5 YEE 7 £ gk (mc&wmm
£ 7} 4SS B 2L A7} sviet S7kohe SAole 2 el A bbvel 55 24

ok, chepel BIPV Al E0) Wi o o] 8.8, 514 SHAAS T 4 ol A7 4RE B H
BIPV A B A 4 o2 98 5 95 =3 Wetol &-8-3haixt gt

Key Words : A| 2 0f| 4 X] A=(Zero Energy Building), 7 & < A| & € %33 (Building Integrated Photovoltaic System),
3 & (Standard), A% &1 5L(Empirical Study), S}A| <+ A (Fire Safety)
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Case study on the Manufacturing and Installation of
Building-integrated Photovoltaic (BIPV) Modules

7:!%?_'*, _—,|_34|:||**, x|-|_|-g|.*’ Hl-lj_-li**, 7| R}&{** ’ _I_Il—*w‘
Dongmin Kim*, Hyungmin Ko**, Namhak Jang*, Gunho Park**,
Changhyun Kim** Jinoon Ko*'
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Key Words : A5 A A & € 93427 (Building-integrated Photovoltaic System), Z 2] €} 9%F33(Colored Photovoltaic),
oF 8- 2] I E(Glass- Glass), AELA S g oFdd4 2] 2 d 2 (BIPV Remodeling)
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Diversification in the BIPV technologies

EfAZ* AL AT dopE*
Sung Ju Tark*, Young—su Kim*, So Jeong Kim* A-rong Kim*'
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Key Words : AEAA S g &F3F 24 (Building Integrated Photovoltaic), 7 = 2] Al (Architectural exterior materials),
A2 A g # & 97 ] (c-Si Solar cell), Z & 1} d (Color Panel)
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Long-term Performance Evaluation based on Measured Data of Wall
Type BIPV System

of* 52* 3 = * A¥x O = =xT
AME*, ol= , HEFT s, 88%

Jaewon Kim*, Hyomun Lee*, Minjoo Choi*, Dongsu Kim*, Jongho Yoon*'
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Abstract : =0 U A 5 S ¢lel ohdet I 9 =l
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Key Words : A& 4A& el oFd w2 A] A 8] (Building Integrated Photovoltaic system; BIPV), &7 29 A&
(Long-Term Operational Performance), 4] ‘s 7] 4=(Performance Ratio, PR), A5 <=4! (Performance Loss),

A B ¥y A 2] Z A (Vertical Installation Condition of PV module)
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Intelligent-Distributed Energy Center on Industrial Complex for
RE100

SAR* Hajer
Sungmin Youn*, Chaehwan Jeong*'
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Abstract : Al A= 7] S H 3} 7| dloS AT VIR 9T S AEs] FHstL ey, o
23 H agendae H o] A7IHle& A=A U& &S ol FaA =Ys & AAA A
A e T RG22 MBS GFYT 53] FH R &= Al 2E Y 77 REI00 2@ s}
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Key Words : E-AFo]| 1 X| (Distributed generation), BF 2~ %3 (Carbon neutrality), Al o ] X] 342 (Al energy management),
A A of| A R (Renewable energy), of| U] A] #] &+ A| A~ Bll(Energy storage system)
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A Study of Energy Storage System with Photovoltaics for
Self-powered Island

ZEBM, G, wotg*, ZF5, AX|”
Changheon Kim*', Jaeyoung Cho**, Arum Park**, Ju—Hee Kim*, Jihyun Kim*
FA) A AA A oA AAA, **FFAH () 7eAta

Abstract : -2 Ueh= A A A Y F=ao] HERE A2 REI00S @/45H7] 98t 8lgd, 52 5
A Aoz Yof ot vhdu| S E3E 20304 7] 21.6%= A A SHRATE o] = F3A] DA o Hol
HES o)A uk AR ok Ao YA A v FS HFH O R Foofgitt. S EVF Fa1 4 9]
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Key Words : &} 933374 (Photovoltaics), A AF-8-1l] €] 2] (Re-used batteries), of] ] A] A %} A] 2 &l (Energy Storage System),
Ap7}EEA T A (Self-powered Island)
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A Study on Korea Standards for testing of Bifacial Photovoltaic (PV)

Modules
HEf 5*
Taehee Jung*'
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Key Words : KS 3 3 3}(Revision of Korea Standards), %™ & €l &F3% & 5 (Bifacial PV module), ©H A € 934 =
E-(Monofacial PV module), & 2] A] 3] (Pre-testing)
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Latest Trends in Standardization and Certification about the
Photovoltaic Field

s AMHE* XBEF, UESF*
Soohyun Hwang*', Jeonghyun Shin*, hyundong Choi*, Seoungjoo Kim*
S 7 A A 7 A ARA D A (KTC)
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Effect of Wind Loads on Tilting Angle of Solar Panel Amray of
Floating Photovoltaic System by Wave

E| MO HERICH* RAESX) O|7pRPF Ui
Seok—Min Choi*, Chang—Dae Park*, Sung—Hoon Cho*,
Ga—Ram Lee**, Byung—Ju Lim*
7| AT Y SRESHATA, sl ad st et EMET|Al5ekat
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Key Words : 3| A El] 9F3F(Floating photovoltaic system), 3=3}%(Wind load), 7]-& % Z+ = (Tilting angle), &} o33 ufj g
(Solar panel)
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A Study on the Adequacy of Installation Criteria for Solar Panel
Considering External Environment

O|FS*, ufol* o|aa*
Juneho Lee*' In Park*, Sangsoo Lee*
*A BAL of ok
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(Wind load), 21 A+ A & 8H(Computational fluid dynamics)
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Seasonal Operation Characteristics on Actual using Pattern of Liquid
Type Photo Voltaic Thermal System for Detached House
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Key Words : PVTE-3 % 5 (PV & Thermal module), BF 4~ %3 (Carbon neutral), A| 2 | Z| 74 &(Zero energy building),
CO2H}l| Z(Carbon emission), PVT-8-3A| 2~ B (PVT fusion system), 4l 2] SH(Electrification)
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Development of Energy Production Prediction Model for Flat-plate
Solar Thermal Collector using Artificial Neural Networks
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Hoseong Jeon®, Sanghun Yeon*, Dongwoo Kim*,

Chulho Kim**, Kwangho Lee***'
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Key Words : e} oF & of 4 X](Solar Thermal Energy), % &4 %< % & 7| (Flat-plate Solar Collector), 2134173
(Artificial Neural Network), ™Al (Marchine Learning), of|tu] %] AyAFEF of| Z(Energy Production

Prediction)
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Surface Temperature Variation Analysis in Winter for Hydronic
Heated Pavement System to Prevent Road Black Ice Formation

= * = xT * * % SLkk
AL REIOIE, 2ESY, ABT|*, MY FEIE

Muhammad Usman*, Byonghu Sohn*', Yongki Kim*,
Sungil Jeon** Jinhwan Jang**
T Ad7edTd AFAHA AL, A A7 sd Y SRS AFER

Abstract : Hydronic heated(heating) pavement(HHP) system have well studied and documented by many
researchers. However, most of the systems run on asphalt, only a few are tested with concrete, and there rarely is
a comparison between those two common road materials in their heating and cooling performance. The aim of
this study is to investigate the thermal performance of the HHP, such as heating efficiency in winter season
while focusing on the surface temperature of the concrete and asphalt pavement. For preliminary study a
small-scale experimental system was designed and installed to evaluate the heat transfer characteristics of the
HHP. The system consists of 3 concrete and 3 asphalt slabs made of 0.25 m in height, 1 m in width and 1 m in
depth. Among 3 concrete and 3 asphalt slabs, first slab has X-L pipe embedded at a depth of 0.08 m, second slab
has X-L pipe embedded at a depth of 0.12 m and the third slab has X-L pipe embedded at a depth of 0.2 m at
intervals of 0.16 m to compare the supplied heat flux rate. Heating performance in winter season is tested with
inlet temperatures of 25°C, 30°C, 35°C and 40°C. The results indicated that concrete’s heating performance is
better than that of asphalt, showing higher surface temperatures for the whole experiment scenarios. However,
the surface temperature of both concrete and asphalt pavement slabs remained above 0°C for all experimental
conditions. During coldest day(2023.01.21.) when the outside air temperature was recorded to be around —10°C
the average surface temperature for concrete pavement slab with X-L embedded at the depth of 0.2 m was
measured to be above 10°C while that of asphalt was above 2°C with inlet temperature of 40°C.

Key Words : &~ vlj 1-2] 22 A] A #l(Hydronic heated pavement system), &= 2

T2 A5 (Road black ice), FHL
I (Surface temperature), = 3 2] E 3Z %} (Concrete pavement), OF 2~ Z E 3z %}

(Asphalt pavement)
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Status Analysis of Failure Diagnosis on Solar Thermal and
Photovoltaic Systems
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Key Words : El|&F o] 4 X|(Solar energy), B} & A] 2~ ®l(Solar thermal system), Ef| %33 A] 2~ ¥l (Solar photovoltaic
system), 224} X Th(failure diagnosis)
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Annual Operational Performance Analysis of Air Source Heat pump
and PVT System Applied on Detached House
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Yujin Kwon . Wangje Lee*, Haneol Kim*, Jongkyu Kim*",

Heewon Lim**, Ucheul Shin***

oA 7] AT Y AR DGUATA, #(GF)rhol s 2mlof, *rrchHrksta A%-2o)
Abstract : 2050 £F4%%] B30 EREAAL AR UAAZE 9 R5E AGFoln,
= B 17] 33 eknsto] 7]o] @ 4= GIek B AL A
£ AzFee] 379 S| EHL(0| 5 ASHP)SH B (0] 5 PVDAI 28 M7, o] 5o
A LG5 VA AY RS BAse] AR ofuA] E&S Fhsstut k. e
ASHPE. B35ta1, -2 ASHPAPVTE FFaATh. PVTE AAekat 312 Alojo] uet 21557 =)
o AR A3 A7)E 27 FHE 24 BRI AFOR ASEAG AL 2 Au) oG AF
89| ASHPSL PVTS] £G4 52 B41517] 918) 9 Byl e A A58 T5sto] 226 38R E 23
299 193 24 7kS BAST 129299 $8717 S EBT YAAFL S 4860 kWh,
A7k % AYATA R 7,528 kWho] 64.6%0ll S sl 423 0] 1 58717t B2 1,620 kWh 13
627 kWhel 2 7b Atk o] 202 FY+S st BA71E WS 514 gt wuh aa
o %7 vhebdE SHeldeh. S| EHE COPL 9]7] £ 57} wobA: 128-299] $2717 B 2.14
2 ABF 30780k ) vhehts 2SS g

1o

Key Words : 37|29 3] EH Z(Air source heat pump), El %33 <& (Photovoltaic thermal), 2% 435 (Operational

performance), %1/ + & (Heating/Hot water), o} 4 ] A} 3 -&-(Energy independence rate)
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A Study on Sector Coupling and Thermal Energy Storage
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Key Words : Variable Renewable Energy(VRE), Sector Coupling(Power-to-X), Thermal Energy Storage(TES), Carnot
Battery, Google Malta X, Siemens Gamesa ETES, MAN ETES
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Energy Performance Analysis of Sth Generation District Heating and
Cooling System for Plus Energy Community
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Research of Heat pump and Performance Test bed for the
Development of Hybrid Renewable Energy System
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Simulation Analysis of Thermal Supply System for Cooling and
Heating Using Adsorption Heat Pump and PVT
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Key Words : 3| E 3 3 (Heat pump), E] %33 & (Photovoltaic thermal), A & 1§ 1 (Building heating and cooling), E 2H
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WEC-0O-1

0K 2 Beo|=S) 02T &4 22 94

D4F: Wik B4 7% dudE a7

A Study on Algorithm based on Natural Frequency Change
Characteristics for Debonding Damage Pridiction of 20kW Class
Composite Blades

RI* EQE**F Z218ha* 27|

Z1
— , oo , O3

[}
Hyeong—Jin Kim*', Yun—Jung Jang**, Hak—Geun Kim*, Ki-Weon Kang*'
T a8 ol ST I a1l e vl g o1 ST o = R B

02l

o

2

>

Abstract : X[ 7 @ ¢ A Z Qe HgHA o v x|l T Aol gt Bl o] S7hskaL 9l
A E L E A Ht ‘%‘;3 A 7t of 1 X A3 AF(Annual Energy Production, AEP) &2 & Q]3] & o
o @37t o] Fo A i Sl FAlolth Eello] =7t th P 3= HA A7) o 5ol Z7P°PL A
o) A 9o v, vl 0] Seka Kk b & B A 2 S ARl Heo| =2 A 25}
I ek o] 3t B A S0l == AR A o F = A, L FF TS o F e
2 213l A ¢ (shear web)I} 2378 (spar cap), A TH(leading edge), & Th(trailing edge) T} -2 E A 7+ A
R 7} g o] 2| &= ] 2o (debonding) £24Fo] BFAIEE = QJth ] B &AFO 9820 Hyo]lm o] L

o= 1= 1l

22 54 WSS oA P2 NS ob7|T 4 Glof ol S Aol §AsHE A/t Basi @

F

A I QL ThFH A B 71 F A E BEAS o] 83 &4 B 7S A A] A
o] M3l 11 Zﬂr*e WA 7| B8 ] A g2 of Hgdstch 1Ey E4F o) i G
TJ+T4 w5} 7i‘oml SR H’“o}@l A0 Q1 B4 0 2= Q1A e] #A AL 25t ol o8&

Holg 4 Ut ATARYI Y S o] ol

Key Words : =T of| 1] X] & Z}(Lighting energy saving), | 5& X} A] 2 8] (Automated shading systems), A} < 2 35
(Daylighting), &} 9F A| ] & 11 2] Z(Shading control algorithm), & % Z}(Profile angle)
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WEC-0-2

[EA 15MW 203 532 FEEH Alo] ¢xEE 44 %

Design and Validation of Control Algorithm for IEA 15MW
Supersized Floating Wind Turbine

* *xxt
HEf 4>, ol

Taesu Jeon*, Insu Paek**'

“A AL o] - Qlzme} gshnt A AU AN LY - BT
FegAYeta oA - et §ge HAERY 2T
Abstract : 2 120 A& 1MW 2THG 04 FAH N H2olE B R oA RALS AA]

) S1% Aol melEe AAsn AZeAch oy FeAE e ul% YA ol A
(NREL)%} Maine tfj 8ol A &5 0= A& o] AlA|H HHE4=4] IEA-15-240 RWT 2o, 32
¥l 4§ 3141 322 91 DNV AL o] Bladed S 59 524 5% ¥ Sk, 8k, o 4 -4 of Q1AL 2
AL ARl 213k 442 9] TS H517] 15, AnsyS/AQWAS: o] B3t R e 14 A7k A
E‘“aoﬂ AE =k At Alo] dag|E o2 FAGA 249 e R sty] 98l F5A
7HA S v x|8l7] 993 Aol B9 9 LCP(Low Control frequency Pitch control)/HCP(High Control
frequency Pitch Control) 7IR, FAA 2] 2 W e O] o] 2EkEE& A A 7] 7] f1RE WAl m =
719, ZE A =9 a5 AAI717] Yt o2 dold 714, EdlolE 9 X W AT EF A
GNP IE SHE ATAL S 2 WA 71Wo) 3 & Ask. AL Aof FelFel
= dFsH7] ¢8l, IEC 61400 3-2 Hf{-A s A2 B A 32 7] Aol AlA|E DLCI Bh/3]
& 2o A T4 AlEd el —’F—@‘;‘é}‘i“io o, AQHE Ao} Gare]E o] ol =, F{-A FHE R
&= sl A 712 Pl Xﬂ‘ﬂ 18] 53 NRELoJ|A] @& AAFTER A A g F4-4] ROSCO
(Reference Open Source COntroller) 7<ﬂ°1 o1 g ZO] SHA A A = o] AlojA 5o vjn 2 B o] 4=3)
= ek AlEe o)A A, Al FE Ao %_U"—’E] < ROSCOA| o] ¢Fite] & thH] = H~

T HAL FRA 92 RAAZ ATAE 5= LSl

Key Words : 2|3 F-G4] 32 €] Q] (Supersized floating wind turbine), ¥3F4=4] F-8-2| (Semi-submersible platform),
Z}A| A &1 (Motion control), 3% %] 7 A| o] (Load reduction control), 4 7| 5} 2= 7 (Design load case)
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T4 P 0|83 Wake steering Ao A5 AS A+

A Study on the Performance Validation of Wake Steering Control
Using Wind Tunnel Test

USY*, MEfL, T, wola

Dongmyoung Kim*, Taesu Jeon*, Jaecheon Kim*, Insu Paek**'
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Abstract : 2 A LoA = £

steering Al o] M2 T W ATA] W A7 FTHE R QA H S 2FTO2ZHN, o7 THEIRY &
FAFE AaA7H, FERADA] AA DA FS FAA7 = FH o2 A otd Wo|th 54
A2 kAW HAEY S 2= U TEEN H4and 272 FAH AESHANA =P A
o, A FHE N2 AL PLCHE] A5S Bl AlojdigE J2E 9 AAZ RYE[Fo] 7}
ot S AA 9 A 2] )t Wake steering A o] 2] AJ5-& &21817] 938 S5 Woll AxH 27]
o FHHH H4RY FAF FHEHNY & 455 s o R 2 -5t AES st
Ao £ FFAHAAS UG OR S AeS g Aol APt o, A+E &3l
T FTeAE At FEHLHEA A5 HAS et Alojgd g S G4 Y 9 1e3t A
Tof &8E =9l AR HET

Key Words : ¢J]©] 3 A €] o] J(Wake steering), &5 3 (Wind tunnel test), =2 €] 1l <4 & 9 (Scaled wind turbine)
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23 B = 93} IFA wind QT 93

Directions of IEA Wind Research for Accelerating Wind Deployment

T —
AzE, denr

Jin—Young Kim*', Hyun—Goo Kim*

Rl | A 7] A AR AR = A

Abstract : Of late, [IEA Wind conference on the Grand Challenges in the Science Wind Energy has been held.
The Topical Export Meeting gathered around of the greatest minds in wind energy technology from across the
globe. The TEM number 109 is a continuation of the TEM nubmer 89 that produced the first Grand Challenge in
Science in 2019. The focus was on interdisciplinary collaboration for the design and deployment of wind farms
with coupling social scientists, turbine designers, resource scientists, environmental scientists, policymakers so
on, such as the wind potential committee in the KSES. In this paper, directions of wind research are introduced
in terms of contents of TEM109 (2023.2.28.-3.1, Boulder, CO, USA)

Key Words : A| 7] o] 1} 2] 7] F-(IEA), ¥ (Wind), {91 ¥ 3] (TEM)
T Corresponding author, E-mail: jinyoung kim@kier.re.kr
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53 Seol HEd 25MW 20 HAE
dAuztu o] digh A
The Determination of 25MW System Design Parameters Suitable for
Site-specific External Conditions of Korean East Sea
AP, 2TE*, UNE*, 2ZE*
M|ho Park*®, Jonghwa Kim*, Jaehoon Son*

o_lxlo*’r tll-|:|| =k
Kyeongrok Mun

Chihoon Hur*",
Jungtae Kim
As7)sdTd

Abstract : In recent years, wind turbines have been increasing in size to reduce the levelized cost of energy
(LCOE), with super large offshore wind turbine systems of 15MW or more being developed. To support this

trend, the International Energy Agency's Wind TCP has released a reference model for super large-scale wind
turbines, including a 15MW offshore wind system and a 22MW offshore wind system currently in progress. As

the demand for larger wind turbines continues to grow, this project aims to develop a specialized reference
model suitable for the Korean domestic environment. In this study, we will identify the key system parameters

for a 25MW reference turbine based on site-specific conditions of Korean east sea to reduce the LCOE. We will
explain the methodology for identifying these key parameters and explore the significance of developing a

reference model for the Korean domestic environment. This project's results are expected to contribute to the
development of more efficient and cost-effective wind power systems in Korea, with potential applications in

(Offshore wind turbines), A] 2~ #] t]Z}Q1 (System design), AF0] E

other regions.

Key Words : 2 t}] & (Super large-scale), 3] A;& 2
EA] (Site-specific), 2] 5 2 7 (External conditions)
T Corresponding author, E-mail: ¢ hur@iae.re.kr
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WEC-0-6

39 B3 20l= 47128 9F
AR 77 AYRY 22904 59 Bl B a7

A Study on Fatigue Crack Growth Life Evaluation of Adhesive Joints
Based on Cohesive Model for Long-term Operation of Wind turbine
Composite Blade

Hakgeun Kim*, Yunjung Jang*, Kiweon Kang**'

*ZAVR S SYFRATY, HrEA S 7] AT e

Abstract : S| == MW SEA7] 9 8 74 84 F shufo|th 53], SolE= A= ¥
ol Aol £ 820 9% M2 2o gk WA, 2 W S7hielol e Y f4bo
9L 4= olch. ol 2|3t d4F HE % koA o] A o] 7ba Fa g e mEo|t) uhehAl 2
2 20] = 9| Spar-veb Traling Edue(TE) 93204 ks ol A1) & 39 A7} e ol
FoAUSS Belol=e] M R9lel TRy £Ae oR Hgojsol st WAl 9 el
2 Z9 gulo| Fgate RS AstolA AE/F Basich agng 38 ot g &
oo st TRy A BAGH] 918 W= stE 2 Askel Al Sa) 5 o ofaiet. o] F 9
2] = AR ok A4 el B4 915} Mode I, Mode 11, Mixed mode A] @& &3 93 2
AAseh 181 1 2852 1123 Mode [o]] ti3t 9| 2 Z A A A A1 FS B8 A 24 2
HAE EA S o] 213t 54 545 123 NREL SMW 58 B3 S8 o] =of tstof 24
< 5F2 4 HH(Extended Finite Element Method; XFEM)S 7] %WH$F VCCT(Virtual Crack Closure Technique)
¥E Bol g ew S FHolAh Eoh oA HFHFE TES Spar-web ALo] €] %
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—_

c:..|>:c>_>|:='oL~’]I
2 A o Ho 4

Key Words : 7 g5 1}4>(Adhesive joint failure), 3= 974 7] & 23+ A)| &g o] =(Wind turbine composite blade), I
<& 71 7 (Fatigue crack growth), 3+ 3 @1 4] (Fracture toughness), & §}+4 3] 2 = (Mixed mode bending)

T Corresponding author, E-mail: kwkang68@kunsan.ac.kr
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REC-O-1

AL R E AL3 FAEN(Reverse Osmosis) 2oz}

349 o4 3% 2 S0 BE 9 47

A Study on the Energy Savings and Effects of Water Temperature in
Reverse Osmosis Membrane Filtration Process using Renewable

Energy

O|ArR* ZIZHi**
Sangwoo Lee*' Jonghyun Kim**
A AYPANI A (F) 7l ATta, et E st Al A o | A d Bt

Abstract : & 45 QFaH(Reverse Osmosis membrane, ©] 3} RO of I} HFA] S 2 420 A 2| 31| 4= A 0]
4 59 Hofo A HEE = 7N 7R AR, B E 5 O Ao atgm eyt Aot sHX R RO
oAut WAL FH o] EAAN THGHZO w2 oy A LMt EH o R (A EI Qlom 55 A
H 2 Ao i E £ JE A5 o R ojuto A Qe = o] mobX = EAI7t Aot T &
A= Bz 589& =ol= WA o= sjZo] 7HaskA|vE 01]‘41] 2H| 7} F7 sk HQlo] EH, A
W Aol A ottt A& s s YA A (5=E)E &85 /HAE RO Fojuf 34 =
-2 A A sto] uhof i} 4 %%‘—’F— 2o WE o g A ?-—_17:?% TRNSYSE o] -§-5to] EA4st3ict 4
ﬂr"—? O 2 122} 22 RO B 7P 2 98] A& 450l e 7i 4 E RO 9hof 57 o] AH] A &
FHAE AT Y RE S V| e 2 AR ALE §Y 24 485k 7H*4H RO 1}of
I 37 9] o A An]EF EA] gstdet AlEd ol A 7%# ALH 301 - -2 37 of A
o) o 2 AeFo] oA =22 &It o, ALE 5T 0|8t 2o A= o A axn[gFo]
A5 5= Aok T3, A E RO “*0444—"4011*1 Oﬂﬁxl Azl
HotH, o] & &&sto] oA AP aINE 7P A L T 0= 5 &

A5 EEROT AT} FAH RUR ZNES 155
o A o] oA AFa v W BAS 28 T of ot

Key Words : A A of| 1§ X](Renewable energy), 45tk (Reverse Osmosis membrane), =< o] U] X| (Hydrothermal
energy), 5| B3 3 (Heat pump), o] ZH(Membrane filtration), E 3+ A| 2~(TRNSYS)
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REC-O-2

A Performance Analysis Study of AHU System for Ventilation &
Cooling to Improve Indoor Air Quality
ST, LS A ol HE M Z2F*

Yu—Jin Kim*, Ho—Sang Ra**, Beomjoon Lee**, Eun—Chul Kang**'
FUST Aol 2] 3-8, #*KIER QHIHA| AE QLA

o
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Key Words : HVAC (Heating, Ventilation and Air-Conditioning), AHU (Air Handling Unit), Heat Pump, Cooling
Standards Condition
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REC-O-3

WIS 23
BAY theF Holuds 93T 20ESIE 73

Construction of Smart Platform for Large Scale Hybrid Heat Supply
including Renewable Energy in Urban Area

OIZHGH, DIAE* AUBH**

Jaeha Lee*, Kyoungchon Min*', Jonghyun Kim**

FAALAA A (F), *Fb=ER et Aegallm s TRl A d ]2}

Abstract : 1A Ao | 2] 9 Shf| Hg QAL F 2 Skl o, A7y A tiu] dofl e #] 2]
Hg2ddaor vEet Ao A Aoy A2 gt o] 87"tk ARt A & o
U A A 9 33 80 2UA T USSR e BYstal douAE o=
%%3]'7] A etz At AA R stol He = A LE S AFst Rt & Aol A= B e
g, A, A=A 3F ] A AR M BAtE = e A HEYAL} AA B 3309
7d§°ﬂ AR E T5E = A=F ol EE da T éUPE%?\*%E TEAH AS2ALS

LA M

_4

T 694 Ayt e, I A AP AR & FaF2 10,302 kWha, A RO 3572 120
kWhmE A 58 5 A AHA 9 *lﬂl%%9 8.8%E X}Xl Fo 2 A Bt A ¢ et
A = sk & A5 S FF A AAA A Arbd Dol A ef A At
AA T sfolH 2| = A AT o] Hgo] S & 7| HistH, A & ¢ AU E 437}-7“451%L 785}t
B

H
4ol ABF peloh Al BRE 202 ABFAAAE AAYAUA LS B oD
A} AR A
Key Words : A1 A A o 4 X](New renewable energy), 2~U}E Z 20 3Z(Smart Platform), dlo] 28] = &-g&(Hybrid
Heat Supply), | & WH(District Heating)
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REC-O-4

Experimental Study for Performance Analysis of Liquid Dessicant
Regeneration System connected with Solar Air-water Heater

(=N * * O k% x| TFSpkkkT
=Y, ddulr x|3[3%, 2
skokokT

Kwangam Moon*, Seongbhin Kim*, Hwiung Choi** Kwanghwan Choi

*RAY S W Y=g 2yt EHol—O_] FrE AN Sk /\]—01—631'-,':11:]— Frx R A Sty WEy 225k}

Abstract : The liquid dehumidification system is to remove moisture from the air supplied by contacting liquid
dehumidifiers with air, and a number of studies are being conducted to reduce the capacity of heat source
devices by removing latent heat of moisture during cooling. The dehumidification system is essential for
continuous operation, and solar energy is used as alternative energy to reduce the use of fossil fuels and
electrical energy necessary for the production of renewable heat sources. In addition, in the case of conventional
solar regeneration systems, studies have been conducted by heating dehumidifiers using liquid solar collectors
or supplying heated air using solar collectors. In this study, a solar air-water heater having all of the above
characteristics is connected to a regeneration system for regeneration performance, and hot water and heated air
produced in the solar air-water heater are simultaneously supplied to the regeneration tower and regeneration
performance according to operating conditions is investigated.

Key Words : €< 2 7]-& 7} <4 7] (Solar air-water heater), 2 A A| <5 A|(Liquid dessicant), 2] A A] 2~ Bl (Regeneration
system), & & S(Thermal efficiency), A A A5 (Regeneration performance)

T Corresponding author, E-mail: choikh@pknu.ac.kr
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A Study on the Performance and Stability of an Uncontrolled Facade
Integrated PVT System

21

21 * OQ_A* géljl*f

_JIK_ , 'S T ,
. Yongsoo Yoon*, Hiki Hong*'
CLLEER PR

[Ho

*

Yoonsu Kim

Abstract : T3] A 293 o] 43 A 2940 2 o 7] v & Suel A Thh 2 RES %
A 3heh, ANER QL PVT A 282 e ob el A 283t o] M A7) Y579 A2 Aol = AujA] -3k
22 Aojgith. B AT A PVel A MAIZEOR AL o w v ¢eHH L} AE e
ujRlo] WAl 2 A5 AR S Aastalrh JAwA 209 el PVT BES AW 000 4 %5t 7}
ALE QAR E PVT Al 25 0), A ek 724 19 3 A2H2023.01.20)2 1.8 MI(H A 58 26.1%), A4
AL 496 MI(138 kKWh)(H 2 & 11.0%)°]ch. BfeF @ A28 o] 2 24 2 st 25 uahg
3} 5147 9] e QA Bl e WA T o] EEw F D7) o vl B 5o 9}
FEIH FASA Ak I o] e mAe] Aelo] Hrk S4B 02 HAIE AR F PVTE 5
710 BjoFe] st ok AW A UALS o} wdo] B QFom L4 Fro] go] WA FA
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3(2023.012000 2 A S 2% 312 3 L L2980 0 & Tha We 7HS Hol sjEg Iz /A
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Key Words : THALE A A& €l 933 <A (Facade integrated PVT, photovoltaic thermal), < (Overheating), |] A ¢
(Uncontrolled), 2}-& A o] (Differential temperature control)
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An Experimental Study on the Improvement of Heat Collecting
Performance According to the Thermal Resistance of the Contact
surface in Attached PVT

L *T [=E L NN Yol JELE
FETT, HYE, 3=

Namjin Lyu*’, Sangmu Bae**, Yujin Nam***
A ZleAgta, HrRAM St b7 s Atas, RN sk &5 et
Abstract : % AGt= 2214 PVT(Photovoltic Thermal)Eg_J GHEH Lo = AYGr|o das
Aol et A AFY. Ukl PVT 2E2 PVEEI Y F7|(Solar collector)E Y A| 5}3} o
A 2bgE A2l vlsf) & Ao A AFE-Sh= FES PVTEES 7| £ PVEE S HO| JEFA 7=
Fe 2 A ZHE T PVTR Y] A S5 A5 weba HE7| 9 50l Exol& B 4=
Atk 2 Aol = JAS5FY FHE M7= " ARQlsto] Al g e of w2 PVTEY 4452 H
Wt} AT AI7HA] A &S F FEle 44 A E5H 2 3ol fle &, dbE el 29359 F L,
A3t B3 A A7EA] B2 Az E o 72+ 7)o dags v uAd 5ot
NEds9 A 271880 44449 lx}“ o2 wHstgon A ndY 2rase 77t
35.9%, 40.9%, 45. 0%& L}E}L*OD#, A& A == 242 6.56 [W/mzK] 795 [W/mZK] 10. 87[W/m2K]§

Key Words : PVT(Photovoltic Thermal), 5-2}& PVT(Attachable PVT), %] & & -8 (Thermal Efficiency), B] %<& 3 & 7|
(Solar Collector), 5 & - & #] &} (Thermal Resistance)
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Desalination Battery for Energy Storage and Desalination: Addressing
Challenges of the Energy-Water Nexus

= % *T
dEsl®, ol
*

Namhyeok Kim* Wang—Geun Lee*'

A e ovAl B skeka ekt

Abstract : Water and energy are indispensable entities for any flourishing life and civilization. Seawater
desalination is a promising and sustainable solution for meeting the industrial water demand. However, seawater
desalination is still an energy intensive process leaving a huge carbon footprint. Therefore, the integration of the
renewable energy into water desalination systems has become increasingly attractive due to the growing demand
for the water and energy, and the reduction of the contributions to the carbon footprint. To better connect the
conventional desalination technology with the renewable energy, we constructed a novel desalination battery
and demonstrated its performance in this study, which simultaneously stores renewable energy and desalts ions
through the electrochemical process. This system employs Na”™ and Fe(CN)s* redox chemistry for negative
and positive electrode respectively. It was also verified that 56% of energy consumption in a reverse
osmosis(RO) process could be saved by substituting a conventional battery into the desalination battery for
connecting renewable energy with the RO process, which is the conventional desalination technology.
Collectively, combining energy storage and water desalination into the bifunctional device offers the
opportunity to address the challenges of the energy-water nexus in the renewable energy desalination field.

Key Words : ©5=3} vl] §] 2] (Desalination battery), B %ol U] 2] & A @43} 7] <4(Solar energy integrated desalination
-technology), Bl 9ol U x| A A A5 7] <4 (Photovoltic connected reverse osmosis process), % 7] 3¢

&}-4= 2] 2] 7] < (Electrochemical water treatment technology), 3| <= % X| (Seawater battery)
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An Experimental Study Evaluating the Electrical and Thermal
Efficiency of a PV/T Collector with the Fin and Rib

M 2ok X[5|2%* x|Za
Seongbhin Kim*, Kwangam Moon*, Hwiung Choi**, Kwanghwan Choi***!

; o derol St S Ao e ;
L b L R I E AR L LRt b e

Abstract : The purpose of this study is to evaluate the electrical and thermal efficiencies of a novel type of
photovoltaic/thermal (PV/T) collector experimentally under actual climate conditions in Korea. The PV/T
collector is the system that reduces the temperature of the PV cell by flowing fluid under the PV cell to prevent a
decrease in its electrical efficiency. Also, the fluid heated by PV cells can produce useful thermal energy.
Commonly, the PV/T collector was made by attaching an air duct below the PV cell without any heat transfer
enhancement device. However, the PV/T collector using air as a fluid normally has low thermal efficiency
because of the low heat conductivity of air. Thus, the PV/T collector, which was designed and tested in this
study, had a fin and rib to maximize its thermal performance. As a result, the electrical and thermal efficiencies
were 16-17% and 35-45%, respectively. Also, it was found that the PV/T collector used in this study improved
solar energy utilization by more than 3.0 times compared to traditional PV modules, which generally have an
electrical efficiency of about 18%.

Key Words : B oF/9 4 & 7](PV/T), A(fin), #] 3} A (rib), 4! & (Experiment), 4 7] & -&(Electrical efficiency), & &
£-(Thermal efficiency)
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Energy and Cost Analysis Study of a PVT-GSHP Hybrid System
based on Demonstration

o X|* = Kk = * % O ={k*T
a2, olelE™, MHI|I™, U2HF

Yu—=dJin Kim**, Euy—Joon Lee** Hyungki Shin** Eun—Chul Kang**'
*UST Aol A58}, **KIER FHZIA| 28] 14

Abstract © A -2 517} AFS] A o] fp 2 W 2 2 A RS FE O] 2T A 7ol e E
T Q)th. IEA Annex 73 2 A o] 2 W A B A AH| 5L o1 = A o U 2] AH] 2] 40%E 2}
Alate, YA A 7leSS ot o2t ol v A v E 24 30%l A 2] 80% 714 £
Sk Ol 21 ol .2 £elvfeh AL M A, Ao A EE e A kT T
SR FHES AL Atk PVT-GSHP 53 Al 292 B oy A &F Ao | A& 24
o2 ggsto] AdeolA 84t st Yy B 2, A7 | A& *“*}OP Z1e2H =7k Al
UA B gl g A% dis 7Hed 7leolth & Aol e A8 A= t4 2= PVT-GSHP

$9 A2E 71 %e A% A Gehn, AFHHE PO Uy 228 Sgsko] Ho|HE 24
Shelet. ob& e 4305k o] B % 7]vho 2 TRNSYS R9S T 55}ich. A% 293} TRNSYS 2

ol vjw HF AT}, i LA S| EPE Hol U A AE ZﬂEﬂ AH[FFLS 7.3%, 8.5%2] @ A& UEL
Yol i, Wu oA A 5] EH T Hal wl A A8 Ae A2k 4.5%, 1.5%9] @ %= L}eby] o] TRNSYS
o] AR AdS st skt T12]al o] TRNSYS 2EllS 7[R0 2 S| EF I 9 A AH 24 Ao
e A4S Y5k loh 4 A1) Fuzzy Logic O 2 Al A”-S Alojd 749 A% 9,765 kWho| of
YA & &H|8F L, NPV 7.50 0 & ey o, A AgE A o] 711 Foll A 714 ol 2| & A 4tst
= A2 & I

Key Words : PVT (Photovoltaic Thermal), GSHP (Ground Source Heat Pump), SAGSHP (Solar Assist Ground Source
Heat Pump), Tri-generation, TRNSYS, Fuzzy Logic
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Analysis of Heat Transfer and Pressure Drop by the Turbulence
Promoter in a Finned Air Channel of a Solar Air Heater

E|3|2%, ZMUI** otk opH PR x| Zhsprraa]
Hwiung Choi*, Seongbhin Kim** Kwangam Moon**,
Byunghwa An*** Kwanghwan Choi****
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Abstract : E9) BoFd WAv|ol A A % BAL T2 AGY BWA GRS ZANA o
YA 58 A7 e GREAA FS DAY WAL 93]S IR Wl o] 4 g H gt 514
W Ao AE FE K B F sl g A gstel 4% B2 SASAN HRE
AA D AR 9 A 88 D7) Aol thet AT oF 4 A g o]k uebA] o1 7e] A
LEPgEvo] A8 H BFd WAyl 37 AL W HREAA QX el 2 AAD B YA @
94 B4 SR stk AT W dEgS B4 e A9 A4 ZRaud
Ansys Fluent & 2-8-5to] S=514ch. 71 23, wlo] A28 37] A9 Wel tRE A7 421 A
A A2 349 o] 4 S7hoh A SIS 4 Qlolch E el geh dhul G A
B 94 A% E 1 o4 Mol yREA A 0] 84S AT S Yotk B B AT
LR Ago] ot dad Ak et Foke] tiat HARS WR stglon, g A
o A= Al el AT GEAF A ol ofak ALA| D7 el 4] o DA% aFabel ek B Bad A

o2 A=

Key Words : EJ| &F ol 1] X|(Solar energy), B % & A] 2~ €l (Solar thermal system), Bl ¥ & & 7] 7} 2 7](Solar air heater),
<& A 2 (Heat transfer), A AF-3-#)| & H(Computational fluid dynamic)

T Corresponding author, E-mail: choikh@pknu.ac.kr

*170 ¢









2023 KSES Annual Spring Conference

o - 2RSS AR B4

Satellite Imagery Utilization in Multi-satellites and Satellite
Constellation

O|ME*, &FF* ZEa* oM+
Jeongho Lee*', Jeongheon Song*, Boram Kim*, Sungu Lee*
TS ATd AN RS A HAlE H9EER

Abstract : A Al = 22F W AAGS 272 244 54 Aldiol AdstAaL, S-2yete
TGS vt gefR e ANTEka gl ofeh 2 v A Aldiols FT A
gl o] &l 2} ~7P9P 3”/‘4] % l%% BT e Ao A9 &8l ¥ Hdet Zof
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Key Words : 9]/ (Satellite), 143 & Ak (Satellite imagery), 9] 4 -8 (Satellite application)
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A Study on Advanced Model for Solar PV market potential analysis

Aoi@* A
Deokoh Lim*, Sangmin Jo*'
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Abstract 1 2 Q17 0] A &= 2] e} b b AR AG AES 919 22 AA A W g
o|Esi, HA BEL nEakshgch. WA FE19 L 93 ekol b Aok Abe) 52 th el oAl
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S7HLCOB)E #4311, BA7HA ] 418 £AsheTh 24 4720224 7]% S B2 8
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Key Words : B} o837 A (Solar PV), A A 4 (Economics Analysis), 2 H|7} &2 Al &7 o] (Monte Carlo-
simulation), & 5 3Z (probability distribution), A] &2 2 & B4 4 31 & SH(Advanced market potential
analysis model)
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Verification of Cloud Optical Thickness of GK-2A and HIMAWARI
Geo-stationary Satellites Through Analysis of Ground Observation
Data and Results of Radiative Transfer Model Using Ancillary Data
in Daejeon

O|SH***, UM, A7+ s+
Dong Kyu Lee*** Chang Ki Kim*', Hyun—Goo Kim*, Yong—Heack Kang*
ool U A7 e At A YALA AL AN gk sk At 7| shE () 7] 2]
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Key Words : ©| o] E] 241 (Data Analysis), 7-5 338} 5=7|(Cloud Optical Depth), &A1 & & 2l (Radiative Transfer Model)
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Overview of Setback Regulation Policy on Solar Photovoltaic
Deployment

0z}
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Yenjae Chang*'. linyun Cho*
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Abstract : e 5 o] 27 2] Al B o W Kol thEA Q) Aol elo)m] AHe i o] 47 ¢
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Key Words : ©| A 7| 2] 34| (Setback Regulation Policy), B &34 ¥4 X Z(PV Solar Deployment), A 4§ of| 4 x| A 2
(Renewable Energy Policy)
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Building integrated Photovoltaic Potential Analysis
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Key Words : €] %2 (Photovoltaic), 2 Al Z(Potential), 7 & (Building), &=L A& ) &F33(BIPV; Building Integrated
Photoviltaic)
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Analysis of Smart Metering Data for Household with Residential PV
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Key Words : 52-& g} 9F3F(Residential PV), 2~u} E 1| €] &} & (Smart meter), 21 2] A~H] 1)) €] (Electricity consumption
pattern), A} 7} 4~ H]8-(Self consumption ratio), A} 7} &3&(Self sufficiency ratio)

TCorresponding author, E-mail: ihcho@keei.re.kr

3 7|
£ AT 200dE A AT U] 7 BT

4>
o
<t
2
-
1A
v
Ko

*178 ¢



2023 KSES Annual Spring Conference

RER-O-6

Al Wl D R AE A F4uY a7
Al R4 58

A Study of Financial Model for Private Participation and Investment
Expansion in Renewable Energy : Renewable Energy Asset-Backed
Securitization
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Key Words : o] U] ] 1 ZH(Energy Transition), &Y of| U1 X] =2} (Renewable Energy Investment), A}AF--5 3H(Asset
Backed Securitization)
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Geospatial Construction of Carbon Inventory Map for Carbon
Neutrality Smart City
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y Words : B}4~3 3 (Carbon neutrality), 2~H} E A] E](Smart city), BF 43 7} Z] &= (Carbon inventory map)
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Enhancing the Performance of Solar Radiation Decomposition Models
using Deep Learning

2| apxt==2*, o|F A
Rial A, Rajagukguk*, Hyunjin Lee*'

*Department of Mechanical Engineering, Kookmin University

Abstract : Decomposition solar radiation models are commonly used to separate direct and diffuse irradiance
from global irradiance. However, most of these models are designed to process hourly data, which may not be
sufficient to capture rapid changes in solar irradiance that occur within a shorter time scale. To address this
issue, this study examined the performance of existing decomposition models at different temporal resolutions
ranging from 1 minute to 1 hour. The study found that the error of the decomposition models increases as the
temporal resolution decreases. Specifically, as the time scale is reduced from hourly to every minute, the relative
root-mean—square error (rRMSE) increases by more than 5%. These findings highlight the need for developing
accurate models that can process sub-hourly data. Therefore, this study proposes the use of deep learning
models to estimate direct irradiance on sub-hourly data. The proposed models significantly reduce the rRMSE
by more than 7% compared to existing models on a 1-minute time scale. The results indicate that deep learning
models can provide accurate estimates of direct irradiance even at sub-hourly temporal resolutions.

Key Words : A ™ 2 U AL (Direct normal irradiance), 21 4F H2] 2 @l(Decomposition model), H 2| d (Deep
learning), A] 7} 13} 5 (Temporal resolutions)
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Economical Impact of Site Adaptation for the Satellite-Derived Solar
Imadiance on Feasibility Study for the PV Power Plants Installation in
Korea

CHE} QH|Lt DFRAE[LP** ZE7|X s
Elvina Faustina Dhata***, Chang Ki Kim*', Hyun—Goo Kim*
“Fraro U R 7| Al A AEA = AT, o sk s Ao skl ot of U 255t

Abstract : Tilted or plane of array solar irradiance (POA) is an important component to be considered in
feasibility studies for photovoltaic (PV) plant projects. The POA is derived from the global horizontal irradiance
(GHI), direct normal irradiance (DNI), and diffuse horizontal irradiance (DHI), which can be obtained through
ground measurements or satellite model outputs. The University of Arizona Solar Irradiance Based on
Satellite-Korea Institute Energy Research (UASIBS-KIER) model produced the GHI, while DNI and DHI can
be obtained through decomposition models. The accuracy of satellite models can be improved by site-adaptation
models. However, the correction for DNI is currently unsatisfactory, and a new approach utilizing a machine
learning algorithm and an alternative decomposition and site-adaptation model is being pursued to improve
accuracy. Utilizing various decomposition and site-adaptation models, a collection of time-series solar
irradiance data with various levels of deviation is built. The resulting POA and thus the PV power produced are
expected to vary, providing a range of possible outcomes in annual energy production and the net present value
of a PV plant project.

Key Words : A A}2F(solar irradiance), & % & -3-(site-adaptation), 2] AHE 2] % &l (decomposition model), Bl &F33 &2
2F(Photovoltaic power generation), E}F A 2 A} (feasibility study)
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Development of Parking Area Analysis System for Solar Electric
Vehicle using 360 VR Camera
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Building-type Solar Energy Pattern Analysis according to Urban
Characteristics
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Key Words : AE A A& €] &F3Z(Building-Integrated Photovoltaic), & A} (Solar Irradiance), 7L x} &4} (Shadows
analysis), T=A] Bl & o] 1] X] (Urban Solar Energy), A} A] &= (Resource map)
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Estimation of Renewable Energy Self-sufficiency Rate in an
Energy-shared Community
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Mass production of Redox-Active Organic Anolytes for High cycle
life of Seawater Batteries

olMIg*, ol
Seyoung Lee*, Wang—Geun Lee*'
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Abstract : In order to satisfy global demands of eco-friendly energy, the growth of energy storage systems
(ESSs) is essential. Rechargeable seawater batteries (SWBs) have gained great attention because of their
environmental influence and competitive price. In SWBs, the most abundant resource seawater is used as an
cathode material, and the infinite seawater supplies sodium cations to anode part through NASICON ceramic
electrolyte limitlessly. However, the instability of interphase between anode and liquid electrolyte of anode part
leads to degradation of SWBs. Therefore, the composition of anode compartment is important for the sustenance
of capacity and cyclability. Especially, NASICON ceramic obstructs transference of electrons between anode
and cathode, so the requirements of liquid electrolyte for SWBs are different from those of typical sodium ion
batteries; electrochemical stability window at the low voltage range, and available electronic conductivity.

In this study, saturated Na/biphenyl/dimethoxyethane (Na-BP-DME) solution is worked as a redox-active

functional anolyte which can offer high cycle life of SWBs. Na-BP-DME has shown great electrochemical
compatibility with high-capacity Na metal anode in SWBs, unlike other organic liquid electrolytes. While the
conventional electrolyte makes SWBs have low cyclability, Na-BP-DME does not show gas evolution and
continuous consumption of electrolytes, thus, these lead to high cycle performance. Also, Na-BP-DME shows
higher ionic conductivity, too. Seawater batteries including both of coin cells and prismatic cells using
Na-BP-DME electrolyte would contribute to the high electrochemical stability, superior cycle performance, and

cost-effectiveness over conventional electrolyte systems.
Key Words : Electrolyte, Energy storage, Organic redox chemistry, Seawater batteries, Sodium
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Evaluation of the Performance of Seawater Secondary Battery
according to the Configuration of Cathode System
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Investigating Metal Dendrite Growth and Failure of Solid Electrolyte
in Rechargeable Seawater Battery

=X|E*, ol
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Jihun Cho*, Wang—Geun Lee*'
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Abstract : Among all types of batteries, the rechargeable seawater battery (SWB) has emerged as a promising
option, owing to its unrestricted capacity, cost-effectiveness, and thermal stability, all made possible by the
infinite Na+ source, seawater. To achieve high energy density, SWB employs Na metal as an anode material,
which can match the enormous cathode capacity. However, high-rate metal plating process can result in the
formation of metal dendrites, leading to the failure of the ceramic NASICON solid electrolyte and eventually
causing a short circuit in SWB. Due to the unique solid-liquid electrolyte combined structure and electronic
conductive property of the liquid electrolyte, the growth of metal dendrites in SWB could occur differently from
conventional metal batteries. In this study, we propose a possible metal dendrite path in SWB based on the
charge transfer mechanism (Na+, e-) and visualize metal dendrites in symmetric cells using X-ray computed
tomography. Under low current conditions, metal is uniformly plated on the side of the NASICON solid
electrolyte and no dendritic failure is observed. However, high-current plating induces uneven metal
accumulation on the NASICON, eventually cracking the solid electrolyte and leading to a short circuit. We also
discuss the principle of mechanical failure of solid electrolytes due to metal accumulation, drawing on previous
metal dendrite research on all-solid-state batteries. Based on our findings, we suggest that the metal dendrite of
SWB can be controlled by releasing interfacial metal accumulation in a specific direction, which could lead to
the development of a high-rate seawater battery without metal dendrite issue.

Key Words : 3[]5=7%1 %] (Rechargeable seawater battery), 2~ ™ €4 X] (Sodium metal battery), W& Wl =2}o] E
(Metal dendrite), == A ™ (Anodic interphase), Al 22} 322 4 3] A (Ceramic solid electrolyte), & A |

o] HArs} T &2 (x-ray computed tomography)

TCorresponding author, E-mail: wglee8786@unist.ac.kr

<191+



2023 SHRELOILX[SEE| EAISHEUHNS](2023.4.19,~2022.4.21.)

HEA Mg 248 2 9=
AaHQ 2o 4R A2l

Reversible Anode-free Seawater Battery by Reutilizing Dead Na

HAR*, ol
Youngjae Jung*, Wang—-Geun Lee*'
A7 oy A]g-stat

Abstract : Sodium metal is the most promising anode material because of its low voltage range and high
specific capacity. However, it is difficult to use in practice due to its unstable plating/stripping properties. In
particular, the reversibility of Na metal plating/stripping is significantly decreased due to the formation of
inactive ‘dead sodium’ which is electronically disconnected from current collector. Here, we proposed a
fundamental solution for the ‘dead sodium’ by connecting electronic channel and reutilizing as active anode
materials. According to the use of solid electrolyte in seawater battery, redox-active sodium-biphenyl (NaBP)
was used as electrolyte which has both ionic and electronic conductivity. This electronic channel can enhance
the Na stripping properties and suppress the accumulation of dead sodium. Finally, utilize the seawater cathode
which has infinite cathode capacity to maximize the advantage of anode-free seawater battery with coulombic
efficiency of 100% over 60 cycles with high areal capacity of ~25mAh/cm’.

Key Words : A X] (Batteries), %13} 2 (Electrolytes), %z} 4 &= Ad (Electronic conductivity), & <(Metals), A+3}3+¢ |

= (Redox-active)
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A New Approach to High-Energy-Density Energy Storage Devices:
The Feasibility and Potential of Semi-liquid Electrode Configuration
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Abstract : The increasing demand for high-energy-density energy storage devices has led to research into
developing high-voltage, high-capacity active materials such as silicon-based anodes and Li-rich cathodes.
However, the use of solid state active and conductive materials in conventional electrode systems can result in
issues like low mechanical strength and low conductivity. These problems become more severe as the loading of
the active and conductive materials increases, hindering progress towards high-energy-density energy storage
devices. To overcome these limitations, we present a semi-liquid electrode configuration that employs a liquid
state, electrically conductive electrolyte to enhance ion and electron transfer. The semi-liquid electrode, with its
fluid nature, can attain a high areal capacity, and its simple and scalable fabrication process makes it suitable for
industrial applications. In this study, sodium-biphenyl (Na-BP) is used as the electrically conductive electrolyte,
and hard carbon (HC) as the active material, demonstrating successful sodiation and desodiation in a semi-liquid
electrode configuration. The semi-liquid electrode was prepared by stirring HC and Na-BP, during which the
Na'/e” stored in Na-BP were transferred to a portion of the HC capacity. The Na' intercalation and extraction
process in the semi-liquid electrode was studied by examining the morphology of HC in its initial, charged, and
discharged states. It showed the occurrence of intercalation of HC during charging and reversible Na* extraction
from HC during discharge. This study demonstrates the feasibility and potential of the semi-liquid electrode
configuration as a solution for high-energy-density energy storage devices, offering a new approach that
overcomes the limitations posed by the use of solid conductive materials in conventional methods.

Key Words : Energy storage, Battery system, Sodium-ion battery, Seawater battery, hard carbon, redox-targeting
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Reactive Metals for Seasonal Energy Storage:
Sodium-Seawater Battery Systems

Zlgel* gStefano Passerini**'

Yongil Kim*, Stefano Passerini**'

*L ALY I} ALY, **Department of Chemistry —Sapienza University of Rome
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Key Words : 3] 5= 7 x| (Seawater batteries), HF-3-4] & <+(Reactive metals), 4~ 5 <3(Sodium metal), 2=} (Anolytes),
A~EH}o] 7| 9 (Sodium biphenyl)
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Development of Ceramic Electrolytes for Energy Storage Systems
based on Seawater

g%ﬂ*'**, |1||.I7__|_g_l*,**, il_-IxI_ILOE'*T
lI-Seop Jang*** Gunhee Park*** Jinyoung Chun*'

“Srt Ak 7|69 AR AT, et ah Al B e

Abstract : 3| 5=(seawater) o] 2} X = H}GHE o] =0}l &= AF(sodium) 0] 23 0] &35} o] o J 2| & A
AF) 8 ok 15t o Ul 7] A AR A (ESS)Z o) A o] S5}
H oA A = FE L Q) Sl o| A A = Sl AAE G EEdE 85k, 1A 4G
AL ol £3RE 4714 Ael A W 83 BE AR TR E o ek weba A FFrel 4717
£ 42 S YA o ATl £F o] Lukg HEH o m EHAIL 4 Qi A2t Ao
ol EQlo] WA o7 9 E ) LA Z(NASICON, Na super ionic conductor) 722 0] AFSHE-A| A 2t
92 3l 4= Yol Al A H o2 =3 3kt St 7 w2 4F ol EEE UEY O, 3
ol A AR Alete] A AR Baks] AT AYE 1 Y Adfolc. ofof] B ATo| A= B
Ol A o T8 = ol AIE 72 A2y £Rje] 24 AlojE Bof o] LUEE W WES B
FIAA 5 e 71ES NSt 24 Ao 7F Alety] A9 =8 FAl vA= FFE 4

st

d

i)

Key Words : 3J|4=7] X| (Seawater batteries), Al 2} 7 3] & (Ceramic electrolyte), 52 2(Separator), L} A] Z(NASICON)
T Corresponding author, E-mail: jchun@kicet.re.kr
7]

AL 2NHE FHAFGEAAR] AUOR G371 EH A ANS ol SHE AT
(2021561010040, 3}=0] 2121 4] 20Wh o] 44 €] 4 7] 45 7).

r o

* 195












2023 KSES Annual Spring Conference

201
HEE ol dek 23 o4 A 7] AT

Development of a Solar-Thermal Methane Decomposition Reactor for
Hydrogen Production
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Key Words : 9| BF(Methane), & 3lj (Decomposition), Ht-3-7] (Reactor), 4= 24~ (Hydrogen), Bl &F 2 (Solar furnace)
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Review on Computational Modelling for Efficient Solar-driven
Thermochemical Water-splitting Process using Cerium Oxides
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Patent Analysis and Global Trend for Hydrogen Production
Technology through Solar Power and Synthesis of Carbon-neutral
Fuels
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B FA 3719 o o WEt 7] H oA SHAR T of It S50 A= A5
th ol & F3ll FF 4 A= ZOF emerging technologyol] s A A4 24| © = ufofsial 5 ojd &
ofo AFE AF ok A AFF M et LAdZ AAISFALA}F ghe) of& 2] EAE a4 ARH
A 71 AAS 55 A2 BASH A & ARHA 7MY &S oldfist=d =
& A 5T

Key Words : E}j 9F & of| 4 X] &3] (Solar thermal energy patent), <=4~ 7|4 & 5] (Hydrogen technology patent), &-5-3f|

(Water-splitting patent), €4~ 35 ¥ & (Carbon-neutral fuel)
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Thermochemical Two-step Cycle Reaction for H,O/CO, Splitting and
Synthesis of Carbon-neutral Fuels

Eédﬁ.'*’**T, 0|-T-|‘§|*'**, OI%é,****

*, k% T

Hyunseok Cho , Gyuhee Lee™** Eunsang Lee™**

“Qlafesta e |ik A 1A 28 T, #Hletdfat 714 gt

Abstruct : B9l S B89 54 0] A4 MY O R Bl S B7 MY S ALgHE S e) AT}
HFas 3tetihg-o] AU o g ARGt d3tel Ao 22 B/ 4 Atk & dAFoA = A
AL Al 120) AU AE oo BP0 At vl A5t o] e
S8 ol F BHES Foll A E A AL, B3 B2 WS AE R E SOl E/ol4tstHAE
Aol /el sto] a/dAst e aE Aatdra Qe vkl dis A4tE A AT E/ol4hshetas
£ E Aol ol sto] S/ Abe kA S A4S 4 QU ThR, o] E AT M H-EB4 B 53 8
gho], g AR AAto] 7hsstth /o)t S Eaf5t7] 13t T8 s AEEE v
7] e, e, Hhg B sto] Wath 24 4aelE Zujo] F5e} A So otk Ce0,E 7]k
o ohi abet 240 BHAT LT MG LES Bal 2 2 Ao e ATFE AE AT
Key Words : e} oF & of| 4 X](Solar thermal energy), & 3}8F#}0]Z(Thermochemical cycle), 4= 4~(Hydrogen), &/°] Ak

o
o =2
ek A B8 (H,0/CO;, splitting), BF A5 1 & (Carbon-neutral fuel)
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Solar Imadiance Analysis of Back Side in Ground Mounted PV
System for Agrophotovolatic System by Crops

Jaeseong Jeong*', Yeowon Jeong**, Sooyoung Oh*** Junghwa Kim****,

Jungmin Sohn*****
AR s AT AN I A AT, FH a7 A A
Rl S R A YAIA A B FARY R, e B et

Abstract : 3 =20 A= G358 19 | FY 112AWpS A Stk WE U3 o)t AL 9
8 214 3mol 1 Y A wiol AR T QAL 3, A4k T T QA AL

£ BE Qo AAsHTh 19 Bob W, S0, I chopa Mt ol B b S AEol AAE e
g o] A7E QA AL W B 5AE Wake] whet TR ZAs ok
mf cppol Serd A3t ipolo] ool Wohs SR A Aol du T A vl A

Key Words : %53 €} %33 (agrophotovolatic system), & A}&F(Solar irradiance), <5 2H=(Crops)
T Corresponding author, E-mail: jiseicp@keti.re.kr
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9] gefuol A7t 449
I Ad A% A2 AT A%

An Empirical Study of DC Line Fault at PV Systems
with Power Optimizer

zy7
Sungkoo Cho*'
A7 P FAL A7 P A

Abstract : 0 A A9 2.2 7] % i sfol] w2 917]0] 0]-3517] 918) 1A el v 2| w2 o] gta)
A ol 2ol A 3 k. Fol A= EAAY SASE et HAH 12 o) ue} chopat WALS §5
SRl o AR 7B 5o B A2 B Bord w4 XS s} E L ek 59
AFEo] &5 = e FFL AL B W SihS i = g3 A = 58
sttt o] & fl5to] Hl=ol A= A&l A&5H = s FEAA " o A 319 FEjuto] A & o] &35
o] Rapid Shutdown¥} Z+-& ¢t 7|52 Xl = o] 231511 Qltt 9] L-Elufo| A& 7| & g oF
FAA A LAY S ASE AHEE A8 ALY A or tp2HRE o] 93 WA
A=A 7120] 71 S %W A28 ch2A A4H ofof ek & Aol A 9l gentol
Al WA A=A 712 vkl 1% A=A AA Sl B Gelvtol 48 A stel 47
2of chobak AL AL 2] 2.8 Ba) AL SAL BAjeln 1 4318 1ol

Key Words : 7} 9]-%-E] t}- o] #] (Power Optimizer), & < X} th(Rapid Shutdown), 2] 5 % & A}F31(DC Line Fault), 435
41 3] (Field Test and Evaluation)

T Corresponding author, E-mail: chosk@kesco.or.kr
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Establishment of Solar Energy Transaction Management System
Environment based on Message Broker

S+, A
Donggyu Bae*'. Gyuchang Jeong*
LT R o i B

Aot : £ 4= P2P 4271 24312 9151 Aol Qo WA B2 S e
Sho] el S B AU Z2roiol ol el A2 wel AAdof ool @
FESRA Tt o v x| m2eev] 2t 7bg o] dok

i
i
KX

A %S A 2o
HEAAASE Al Aol 24 A ES AL A L o] &1 MQTT ] A1 4
nEA ANE At e doldEe mon B0 Felolds AolA Bad s
1% 7 551of ol 15 B G510l 3915 4 Sk MOTT A el A3 Hlol i St el 5
o 19 0 1 AL o el e el WA, HAA BT o
of ¥/ a7l el ol ubeh ST AT} Z2 A Tof hALo = ERskn, bl e 242 U

EFf = jArS ddAste] A8 A E Al st

Key Words : e} 9F33of| 4 Z](Solar energy), MQTT(Message queueing telemetry transport), 1 & 7] 2] (Power trading), ©I|
U X i & 47 (Energy prosumer), &5 #| 21 (Blockchain)
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Development of Algorithm for Forecasting Solar Power Generation

a2 4B, HnEt
Hyeonsu Park*', Seongmun Oh*, kyuchang Jung*
A7 s AT

ek 9 0 dolg S Agate] o % 2
QAR PV 4 12, DO R, ACHE, A som 745 ol
VA 5 Qe B, o7 £E 5 714 208 2ol A0 58
2 93] ANN(Artificial Neural Network) 7] ¥H9] W @& AF-&3}o] &
A]+= ANN 7] ¥ = CNN(Convolutional Neural Network) & GRU(Gated Recurrent Unit)2 & 315 4] A&
sto] e F I o & A Z st e Hlol B = A S o Al A A HlolH=E
IDONN 298 5o A fA E4E £31408 325} 2 9le. 1D CNNE AHg-sho] A A2)et o
o] E| & GRUOJ| AF-&-3} % Th CNN-GRU ¢ 112 52 AFE-3to] B fd o &S 43513l ot. 2016-
01-01-2019-03-1771 k0] F=ak A7 w9le] Shaer wlojele} 2712 714 248 Ajgstol
2018-12-3171A] glo|H & T H Y o] g 2 3}o] &1 8]&E 735l ar 2019-01-01~2019-03-179] | A E
dolE| 2 ol % ATHE AZal7] §1 vlo]E 2 sl B WY 20| 4TS MAPE(Mean
Absolute Percentage Error) 2} NMAE(Normalized Mean Absolute Error) & % 3| 715324 3 MAPE: 14.53%,
NMAE: 5.39%2 24X 7H A & of| S-S 3T = QAT

%E | Actual, — Predict, |

1 & | Actual; — Predict; =1
MAPE=—Y, ¥100% NMAE=

ni- Actual, nominal capacity of PV

Key Words : €l %F33-of| 1 X (Photovoltaic Energy), Bt 2F o] Z(Power Generation Prediction), 11 2] Z(Algorithm),

T Corresponding author, E-mail: hapark@keti.re.kr
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Pearson Correlation Coefficient Detection Technique for Nearest

Power Generation Site for PV Fault Diagnosis based on Location
Information and Power

MEEH Zoiz* acme* 2125

Joonyoung Jeon*', Minkook Kim*, Myoungwoo Son*, Yonghyun Kim*
g7 Al A ALATE]
Abstract : 2 =12 Bl S AT E AP EE S8 S 9F AR T A AF o A
o w AekE & vt 22y ol N mojs AuASE FE3 v E F5to] F
T AN GE A == G S5 LRk o] Al AR A AP H = g o 2 wetkE o] Xt
ol B gt e Y A Ad Tt S H HIF FARE = B SBA A" HES=T AR E AL B
A Al 242 o] s d 7 I B = YA E 71N e = FH(xy) B 3R ()RS Fo AL o] £}
Fe BW EE 3wt Mg Eoh AA Al A" o) S8 gqret a3t S AR AL g
o, B4 FEAUAE AARSEo] DA 713F Sk Bl Al A 9] EEo] 99 Hyti HEA
ot FFHAY 79| 2} o]st 2 Wobd A HE dare|Fol ARt Yt Eo] F45H
AAARE 7o &2 2 2 A Nas FE5ch 2 =5 ° DA/M4 = =2 (Local) A 74
2 Aol g = = EA A W RO A A S AX T 22l S8 o] Yol v s
= TY MY YA AEE 7R e R @ a9 Ao 2R WAMNAE FHCE A HA
N kS e ol & 2 o iAo Aol AstE T A o] A 2A-S 2 8st
= ol & AR A 9] s 2 o] fFAFeEY] wiiEolar ofof whet YA A Q] g 27 9
HoF2 Qg &9 A5l A] of U™ B QIHE E= B i d o] A= QIe S A5kl A]
o 4= QA "ot

Key Words : e} 9833137 (Photovoltaic power generation), 174} Z1 ©h(Fault diagnosis), $] 2] % X (Location information),

%

2F(Output wattage), ] o] &> A7 4=(Pearson's correlation coefficient)
T Corresponding author, E-mail: jyjeon@kopti.re.kr
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I-V Curve Pattern Analysis and Classification according to PV Failure
Factor

Mo ZE gso], mAE

*

Woogyun Shin*, Youngchul Ju*, Heymi Hwang*, Sukwhan Ko*
*ehao U A 7] e At HeFE AT A

Abstract : 7] - oo} AT o tf-5-5H7] sl A =2 AU Ao A5 FAskAL 9
I F S AAEAGA YL T 7 W= ol G A HE A )l 20219 71 A A A =2
A FE oF 40GWo B, Fo R ML N HH o R T4 Ao o El ) Hlogel
|7} F7hate] wheh @ o) 2] e] %2 H(0&M) A E F7E5HIL ek B o 0&M 2
57 7170 FF A& 29 B3 PV ALTO o 4] AT B3] QAL BASHE
=S W3toh B R Ao w2, Al A e 43F O&M A AH-S- 2022-2027 E?_P A+ £33l
XP%(CAGR) 14.49%=2 A #}3) 20215 oF 339] 3,073%F T o) A 2027 o = 739 3,9609F T of
o] & Ao 2 o ArE ). gl zo}u 20] &ML B A 9] =3} 1A Athsl= Aol VA =8
z‘z}%%oluﬁ ol 9% thet —ii.xg 71%o] A B mRol AL BT AEY LV A 274
OlE| S 7|uto & 1gg Aehet 4 Qi AFLS WAtk R WA a0 N ZHE LV 24
& 0% Qo) upet BFea, sfH o Yako] LV AL BRG]
sl ol §5bel S ATshot] 283 A 20|
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Key Words : | oF3F 1-V ZA41(PV 1-V curves), 117 E-4](Fault analysis), -5 (Classification), Operation and maintenance
A Ha)
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The Energy Management Strategy in an ICT-integrated Floating
Photovoltaic Plant System for Carbon Neutrality

| HE* dtsst oty e
Seonghun Choi*, Dong—Hwan Park*, and Jung—Hoon Ahn*'
LT R o i B

Abstract @ A|A| A 0.2 2A7FA WS FE HE5] H’SH A& oy Aol gk A o] wopA|n 7]
% Wro] 7h&sbE| L Qlk. ek W 2 L5 A Folu 4k 5 A
o]

A
=
| A 93 49l 5ol 27k g % el Aol B WOl Aol B4 HET

= O
R T o] A=EI Qo & =it FE 54 7]S(ICT)S o] &3 -"rL%?E TG AL
oA HaFHe gt Oﬂ‘rixl e dgre ARkttt Akt darelEe2 AAF Y E P A
Fe 7Rt 2 S EY, S YEE Tl A" dYer sS4 ‘ﬂ% Aol 7|& Fetd g
Foto] d71Al el &Ad7k HH% = AGA I B3 23 THAY S S0 E, EHA
ﬂ?d, BHxTY & wIAY] FE5to] EaeE FEY Ak AN daeEe d5E Al
RFeE PLECS A& o)A &dl

FEHGT A Za 7S ?ﬂ%oﬂ gt v e golgE 7
KX o
= AN

Key Words : | &F332H4 (PV), A B £ 4| 7] < (Information and Communication Technology, ICT), Bt A2
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A Study on the Strength Characteristics of 120um Partially processed
¢-Si Solar Cells according to Front/rear Electrodes

ol

ir *
I
ASE*, dEH,

Jongrok Lim*, Pilkye Kim*, Sungmin Han*, Taehee Jung*, Sungwon Kim*'
“Fraatd 7] s A Y Al A ol | A 7] s Al E

DH

= t
FBIY HE Y, A

r

Abstract : 7 | F Y HE LS A5 M APALT hFE P FO wHOR WA AGHOR
shersha Qluk Y BES] 716 A% AY gl AR A BEY 18 ZYY BEstF a5
u, 0] 2 Sl A WE Y A4 7Y 2 RS Aok o] v o] S gA S Aol e
shek. shAut Go] 3 o FAL GFA & B9, P AR S ARTH oA DBA A52] o] o]
o3t 7 Aabo] WAISHE, T Aol o] WAlste] PAHQ BFY REZN B o] B}

5 aieh o Hlob A2 AR Sl F Aol diat AT E F 1A 9HES A7l
AT 1A A Sl T A £9] o] ol Aok ahef. S A A epazlel 4
& S0 o gt A7 9ol ol ot 7 %gaﬁﬂmd@4WNﬂﬂ%;¥woL14%
ezl golw, A Ao 45 A ta A AHEA i ek ofof B Fof 4
£ A4 GFARE ol =1 9 ﬂbﬂﬂﬂ%ﬂgﬂﬁ%éﬂﬁ&ﬂ HRg Eera

A
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Key Words : 24 A €] 97 X](c-Si solar cell), 33 A] & (Bending test), 23 Z =+ (Front/rear side electrode), 7] 7|
7 &= (Mchanical strength)
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A Study on the MPPT Control Characteristics of Micro-converter for
Photovoltaic Module Power Compensation
sp*, AR, ZEE*

Ju—Hee Kim*, Jihyun Kim*** Changheon Kim*,
Ao YA A, B FolHA A, st FEelE sy

Abstract : ] FgHA A AEL AulA O 7 Zok A QW EE ALY, Y REL Y E
=W AdE o] M EE AZd "} F27F b, shuo] QIMEI 2 Aloj g 4= 9l= A o] 9l
A RESAY e AR BEo] A7 A DA Al Ag o ke v A= Aol ok
FEsPia 22 g4 aclo] g 7l g 50 &9 AotE Hest7] 98f nlo]az ¢l
B 7} 111‘151‘212‘% 7vA o] vtk T o] Qi o] & H st fl8f uho] A2 AW E 7L A QtE]
o, o] WAl 7 w0 DC-DC AW EHE AZ4stal o] & thA] shuto v el AW el &2 45t
of Agste 22 J‘]T’HEEE Xﬁ% S AT 4= QlA| ghrt. 2 Aol Al = Buck-Boost EF¢J 9] Hf
oAz AHEE o|&3t ol w2 B g 2 ohd 2 32 (MPPT, Maximum power point
tracking) A o] 545 =4 o}"“‘E} E—F& S 2 e FFeH EA2375Wpg ©E A A2
FFEES oIS, BE f Fi 3ol et s fF 2E R of| 4 2] MPPT 54 HtE &4
skt votrh nhol A= AW ¥ fi--Fof| whet A7 A= E 42 235t i

Key Words : €] 983344 A] 2 8l (Photovoltaic system), 1}o] 3 2 71 ¥ E] (Micro-converter), &
(MLPE, Module level micro converter), 9] E]ulo] & (Power optimizer), %]

Maximum power point tracking)

ﬁ".:ﬂ.tlrl
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2 UE 33

Revealing Defect Densities in Hybrid Perovskite Films via
Space-Charge-Limited Current Measurements

SAIY* o|)(B* ZAMA* FHS|X|*, Adnan Muhammad*, Zobia Irshad*, Q& &*

Siwon Yun*', Wonjong Lee*, Sunkyu Kim*, Hyeji Han*, Adnan Muhammad*,

Zobia Irshad*, Jongchul Lim*'
# 2| aba o U 2| 18l St ekel

Abstract : The Space-charge-limited current (SCLC) characterizations have been employed widely to
investigate the trap density and charge-carrier mobility in perovskite solar cells (PSCs). However, its appli-
cations among metal halide perovskites are quite complicated because of the electronic and mixed ionic nature
of these materials. Herein, we used Pulsed Voltage Space Charge Limited Current (PV-SCLC) method to
eliminate the impact of mobile ions and to obtain the accurate electric values. We investigated that hybrid
perovskite thin-films with the composition of Csg17FAg s3Pb(Iy.77Bro23)3, undergoes forward and reverse scans
without any hysteresis. Moreover, this study also clarifies that a trap-filled voltage increases linearly as the film
thickness increases. Therefore, we believe that PV-SCLC measurements is one of the novel methods for the
accurate investigations of the intrinsic transport characteristics of the metal-halide perovskites.

Key Words : SCLC (space-charge-limited-current), trap density (E.3 @ &), electrical conductivity (¥ &= =), hysteresis
(3] 2~H] 8] A] 22), charge carrier mobility (43} ©] 5 &)

T Corresponding author, E-mail: jclim@cnu.ac.kr
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Design and Construction of Predictive Control Management System
of Power Generation of Photovoltaic Power Plant

ZR[B*** Uz 5> R
Jihyun Kim*** Ju—Hee Kim** Changheon Kim**'

el FFAFELY, * Ho A ALY

Abstract : &7} -] Uhebiz she] @ Aol uhel A7) AEkh W HLEDS) ] 2 5T 7] RS
nlelsl e on] op Anke] HalHES 9|3k Wake A AlstATh Ea Al V) S A8 o) AlY| =

v, G, A T W AREE 2030 NDC (572 A 7] o 2 ATEA S-S ) E WO wheh ¢
2Lt 4] 2050 BT Aue] 22 922030 NDC A3 Qb & 2 skt ol v A 35 &
o gagHE s At SHo] B, T8 5 AHAUAE 7N 2 g Aol
A7} Eojof g}, SPAIRE A& B-Esforste Aol Ao ST St st TSt HE
3, AdA o tiet 241 & HhEA] Aokttt o] & fi3 A TS &3] A5 4= AL, FA A
A AT FE AT Aloi7hsd delA A o] s ofof gttt & A= A AIAA -9
A H o5& &E3to] A AT HEE FHeL AT vES 24 5 e A

A S BA| A L RI(LRMS) -50]] Hf 3fof B a1gie).

Key Words : El] &F331F74 4~ (Photovoltaic Power Plant), PV A| 2~ E(PV System), A1 2} A 2] & 4-A)| A| 2~ Wl (Local Re-
newable Management system, LRMS)
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Layout and Wiring Design of High-output Solar Modules

7|7<°|* o_l/\ol_* o|57-|**, leHoﬁ:’r

Juhwi Kim*, Seungah Ur* Donggun Lim** Jaehyeong Lee*'
ek AR 719‘4% |2 Rt Ml =TI e T A P Sl

Abstract : In recent, the solar market had mainly been using high-power and high-density solar module
technologies such as shingled modules and MBB (Multi Busbar) modules. Shingled modules were a technology
that improves module output by dividing solar cells and bonding them with ECA (Electrically Conductive
Adhesives), while MBB modules were a technology that vertically scrubs solar cells in a half-cut shape and
connects them with multiple wires. These high-density solar module technologies could be maximized in effect
by layout and wiring design. Therefore, In this study conducted design and simulation for each module type and
presented appropriate layout and wiring designs. The solar cells used are M6 (166 mm x 166 mm) in size, and
the area was designed considering the width of the solar layer. For shingled modules, the overlap and number of
junctions were varied, and the size of the cover glass used in actual production was considered. MBB modules
were designed considering the number of junctions and diodes.

Key Words : 42 E &l 9F33 2 E(Shingled module), MBB X & (Multi-busbar module), &] o] o}-2(layout), v} A A A
(Wiring design), A| & g ©] 4 (Simulation)
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Demonstration Functional Group of Additive to Improve Light
Stability for Perovskite Film

O|RIZ* UMT* AIR* Stal|X|*, Adnan Muhammad*,
Zobia Irshad*, &= &*

Wonjong Lee*, Sunkyu Kim*, Siwon Yun*, Hyeji Han*, Adnan Muhammad®,

Zobia Irshad*, Jongchul Lim*

“Zyrfata oA et

Abstract : Long-term stability, especially the photostability of organic-inorganic perovskite solar cells (PSCs),
is the most critical parameter for commercialization. However, continuous irradiation of UV light causes a
decrease in PSCs efficiency because of the perovskite degradation and ions escaping from the perovskite.
Therefore, in this study, we employ the anti-solvent additive for ions passivation in the grain boundary. The
anti-solvent additive method can effectively passivate grain boundary and does not change perovskite
composition. As we employed functional groups have lone pair electrons and those electrons can passivate by
ionic bonding with Pb*, I' and preventing decomposition. Moreover, We have used extensive advanced
spectroscopic characterization such as steady-state photoluminescence spectroscopy (SSPL), time-resolved
photoluminescence spectroscopy (TRPL), and pulsed voltage space-charge limited current (PV-SCLC) for
revealing the mechanism of photostability.

Key Words : 3| 2 B A7}o] E €] %A 2] (Perovskite solar cells), QFE] &HI E A 7}& (Anti-solvent additive), 3] A] 9|
o] A (Passivation), 343 9F4 A (Photostability), £33} (Spectroscopy)
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Proof of Photometric Characteristics Depending on HTL Thickness
and Materials Using Spectroscopy Measurement
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Sunkyu Kim*, Wonjong Lee*, Siwon Yun*, Hyeji Han*, Adnan Muhammad®,
Zobia Irshard*, Jongchul Lim*'
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Abstract : Many studies are being conducted to improve the efficiency and stability of perovskite solar cells.
Among them, photoelectric analysis is essential to foresee electronic transfer in perovskite films. The
photoluminescence(PL) and time-resolved photoluminescence(TRPL) are representative spectroscopic methods
that can observe the time and quantity of electrons excitation from valence band to conduction band. And when
they recombination again using the phenomenon that it is emitted in the form of the light. In recent studies, most
measurements were made using one power according to the lab. However, according to our team’s research. it
can be seen that even the same substarte has different forms of PL and TRPL graphs depending on the different
excitation power. Besides, there is an experiment depending on the energy of the light. As a result, the power
conversion efficiency(PCE) gap between the different conditions also different. Therefore, in accordance with
this, we want to present a more accurate and reliable result using the appropriate excitation laser power.
depending on the user’s environment. And we believe that simple and fast spectroscopic measurements can get
more accurate and reliable data

Key Words : %' o] ] 2] A Z}(Lighting energy saving), A|-5 % X} %A A ¥l (Automated shading systems), 2} 2| 3
(Daylighting), &} 9F A] ] & 11 2] Z(Shading control algorithm), & % Z}(Profile angle)s
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Output Power Characteristics of Hetero Junction Modules using
Thermal Analysis
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Abstract : The hetero junction solar cell has two different absorption wavelength bands, so it has a higher light
conversion efficiency than a conventional solar cell. Recently, there is growing interest in shingled technology
to manufacture high-power modules. By applying shingled technology to hetero junction solar cells, it can
further increase the output power of solar modules. In this study, the circuit layout of a hetero junction solar cell
with a shingled structure was studied by using a pspice circuit simulator. To reflect the output power reduction
factor due to the temperature rise of the module to the simulation model, thermal-electrical analysis was studied
by applying insolation of 600-1000w/m’ in the simulation and compared with the module power output.

Key Words : ]33} €] 9F A A] (Hetero Junction Solar Cell), & 3l 4] (Thermal Analysis), o] T # €} 9} ] (Large
Area Solar Cell), ¢ 2= 2 & (Shingled Module)
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Indoor Accelerated Complex Test of PV Module
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Abstract : It is clear that there is increasing global interest in carbon neutrality and policy institutions are taking
steps to address climate change. The international community has recognized the seriousness of the problem and
set a goal of achieving carbon neutrality by 2050. South Korea has also set goal of reducing emissions by 40%
compared to 2018 levels by 2030. However, the current IEC standards for testing and certifying silicon solar
cells do not include complex tests for environmental factors such as sunlight or artificial light sources,
temperature, humidity, and electrical characteristics. This means that the tests are not fully representative of the
actual outdoor field environmental conditions, and stress factors such as temperature, humidity, amount of
ultraviolet rays, rain, and wind are not considered in the testing process. In this study, we present an accelerated
test model that simulates real outdoor field environmental conditions and can reduce absolute time by applying a
complex test rather than a IEC single test. For the test, 5 tests (DH, TC, HF, LID, UV) based on IEC 61215 and
PID test based on IEC TS 62804-1 were conducted. The accelerated test referred to DIN75220, a German
industrial standard. As a result, actual field environmental conditions were simulated, and output degradation
rate data was secured similarly to the existing IEC standard by applying artificial light source, temperature, and
humidity complex tests. In addition, an accelerated test that can shorten the time by about three times compared
to the IEC test was conducted. We think that the accelerated test test, in which stress factors act similarly to the
external environment, will also show utility in future photovoltaic reliability tests.

Key Words : A 2| A €] A E(Reliability Test), 7} €] 2 E (Accelerated Test), B = H] 2~ E (Field Test), B} %3 =&
(PV module), 3123155 (Damp Heat), 2= AF0] Z(TC), 2] A (UV)
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Optimal Thermal Annealing Method for Improving Tunnel Oxide
Passivated Contacts of Silicon Solar Cells
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Abstract : Tunnel oxide passivated contact (TOPCon)-2 11 &-8-¢1 Al 2] & &) kad A& et fast
o= AQtEo] . & Aol = 27 2= 2ES 53t A 2] B o] p-3 TOPCon®| of A
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Key Words : TOPCon, & #| 2](Thermal annealing), 3] A] #] ©] A (Passivation), 2 A| A A 3}(Auger recombination), A
2] 2 &) oF A A (Silicon solar cell)
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An Analysis of Fill Factor Loss Depending on the Temperature for
the Crystalline Silicon Solar Cells
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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 Joi1, 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 J, 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 -4 (Fill factor loss analysis), ©] 5 t}o] 2 = & g(Double diode model), PERC(PERC),
L & 9] & (Temperature dependence), A 2§} & o &= (Recombination current density)
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Study of Optimal Metalization Process for High Efficient n-TOPCon
Solar Cells
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Abstract : To achieve high efficiency in silicon solar cells, it is necessary to carefully consider both the
passivating and metal contact layers. One promising approach for achieving high efficiency is the use of a
Tunnel Oxide Passivated Contact (TOPCon) structure, which involves developing a passivation layer and metal
contact. Typically, Ag-Al metallic paste is used on the front side of the TOPCon solar cell to make contact with
the p+ boron emitter, which is covered with SiNx and AI203 passivation layers. The firing profile is a critical
parameter in ensuring high-quality metallization based on thermal reaction. We conducted research to determine
the effect of the burn-out range and peak temperature on metallization properties and resulting solar cell
performance. By controlling the burn-out range and peak temperature, we used X-ray diffraction (XRD),
scanning electron microscopy (SEM), and transmission electron microscopy (TEM) measurements to
characterize the structural and material properties during the firing process, which helped us understand the
mechanism of Ag/Al metal contact formation. Finally, we compared the specific contact resistance of the metal
contact and solar performance to identify the optimal firing profile. Our research contributes to a better
understanding of the firing process and enables the realization of highly efficient solar cells.

Key Words : A 2]

rly

el oF A Z] (Silicon solar cells), A = 3H(Metalization), 2~ 43 3 & 1} (Fire profile)
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Next-generation High-efficiency Solar Cells by Applying
Co-evaporator Deposition Method FAPbI3 Perovskite
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Key Words : Co-evaporation, Inorganic perovskite, Thermal stability
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Studying Surface Defects and Charge Carrier Transport Properties in
Poly-Si Layers for p-TOPCon Solar Cells
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Abstract : Tunnel oxide passivated contact (TOPCon) solar cells currently attract considerable attention for high
efficiency above 24% in industries due to excellent passivation effect and improved charge carrier transport. Most
TOPCon solar cells are based on a phosphorous-doped (n-type) Si wafer owing to its lifetime stability and defect
tolerance compared to a boron-doped (p-type) Si wafer. A gallium-doped (p-type) Si wafer is now a mainstream for the
passivated emitter and rear cell (PERC). To use the existing facilities and reduce the cost in the solar industries, it is still
important to adopt p-type TOPCon solar cells. In this study, SiOy (tunnel oxide) and p+ (B-doped) poly-Si layers are
successfully fabricated by in-situ low pressure chemical vapor deposition on two different doping types (B- and
Ga-doped) of p-type Si wafers. We perform carrier lifetime measurements using quasi-steady-state photoconductance to
quantify bulk and surface carrier lifetime. The active boron concentration is measured by an electrochemical
capacitance-voltage method to explore the doping level and profiles. In addition, Kelvin probe force microscopy
measurements are carried out to investigate the local photovoltages and defect dynamics on the surfaces. /-
measurements are also conducted to characterize the current behavior in dark and under illumination. Our results reveal
Si wafer-dependent surface defects and provide different charge carrier dynamics in p+ poly-Si layers/SiOy/p-type (B-
and Ga-doped) Si wafers. Therefore, our study will elucidate the underlying mechanisms of different charge carrier
transport associated with surface defects in two different types of p-type Si wafers.

Key Words : & €| %574 X|(TOPCon solar cells), P-E} %] ¢ o] 1 (P-type wafers), H = =3 &2 A 2] Z(B-doped
poly-Si), 31 Z &} (Surface defects), A 3} (Charge carrier transport)
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Photoluminescence Imaging Technique based on Particle Swarm
Optimization Algorithm of Perovskite Solar Cells
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Key Words : 5|2 2 A 70| E ) 9F A X](Perovskite solar cells), 3 233 o] u] #](Photoluminescence imaging), 3] A~E| 2] Al A
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On-site Diagnosis to Establish a Health and Risk Assessment Plan for
Old PV Modules

225X, ULtaf*, U
* Na Rae Yang*, Chelohyun Lim*'

() 5 Ao U 2] -9

Geun Ho Gim

Abstract : Since domestic PV was supplied around 2004, 20,000 tons in 2030 and 80,000 tons in 2040 are
expected to be generated. Accordingly, recycling and reuse projects of waste modules are being promoted, but the
effect is still insignificant. In particular, technologies and management systems for power generation efficiency,
performance maintenance, durability increase, and resource circulation of small and medium-sized power
generation facilities, which account for more than 70% of existing photovoltaic power generation facilities, are
required. In this study, the test site for technology development for ICT safety management and remote intelligent
operation and maintenance(O&M) of old small-capacity solar power facilities, recovery and recycling of old
modules as follows; (DSonggwang site(10kW, 250Wx40ea), @ Yongdang site(12kW, 200Wx60ea), (3Dongbu
site(21.5kW, 215Wx100ea), @Wooseok site(25.2kW, 300Wx84ea). On-site test analysis(thermal imaging
drones, I-V curve, etc.) was promoted for small-capacity old solar power facilities installed on the rooftops of a
total of four demonstration sites. As a result of taking and analyzing thermal images using drones for each
demonstration site, some hot-spot or bypass diode phenomena were commonly found due to shadows caused by
external facilities and failures of initially installed devices. The maximum power generation reduction was
investigated to be within 10%. Based on the above results, (DAfter removing suspicious PV modules from the
light transmission site, we plan to promote failure diagnosis analysis of old solar modules through EL analysis,
algorithm development, module life and soundness measurement, and risk assessment.

Key Words : Small-capacity old PV modules(£~8%F =3 ®oF% X E), Life-time prediction(5=" of| =), failure
-V

diagnosis(22 % Z o}), Thermal image(E 34, I-V curve(I-V =+ A1)
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Leakage Current Analysis of Silicon PV Module Components
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Key Words : 11 4 9+ & 3k(Potential induced degradation), €] %3 % & (Photovoltaic module), -3 7 F(Leakage current)
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Research on Ionic Salt Material Applicable to Hole Transport Layer
of Perovskite Solar Cells
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(Ionic salt material), 11-2 Q17 Al (Thermal stability)
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Multifunctional PDMS Films for Highly Efficient Perovskite and
Organic Photovoltaics

Hanbin Lee*, Seungyeon Hong*, Sunghub Lee*, Hyo Jung Kim*'
*School of Chemical Engineering, Pusan National University,
Busan 46241, Republic of Korea

Abstract : Recently, perovskite and organic solar cells have made great progress in power conversion efficiency
(PCE) and are attraction attention as next-generation solar cells. Despite to the impressive progress in power
conversion efficiency, their poor device stability still limits the practical use in outdoor applications and the
commercialization of them. Since both organometal halide perovskite solar cells (PSCs) and organic solar cells
(OSCs) are very sensitive to UV decomposition, UV is one of the most important factors to be protected from
light absorbing materials among various factors affecting device stability. In this work, we propose a simple
strategy to prevent the UV degradation and improve the stability of both PSCs and OSCs. To increase visible
light absorption and at the same time provide UV protection, we fabricated a nano-textured PDMS films mixed
with the UV absorber 2,2’-dihydroxy-4-methoxybenzophenone. With this multifunctional UVB (UV-blocking)
PDMS films, solar cell devices showed 90% of the initial efficiency after UV irradiation for 72 hours. To
confirm the texturing effect, we simulated FDTD calculation and compared the transmittance. By the surface
texturing, the reflectance at the PDMS surface reduced and induced the enhancement of light absorption of the

devices.

Key Words : 3| 2 B A7}o] E €] 9F7 ] (Perovskite solar cells), 5-7] €l 2% ] (Organice solar cells), A} 2]A x}tk
(UV block)
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Powder-based MAPDI3 Perovskite Solar Cells Depending on the
Antisolvent Types
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Abstract : Comparing with the conventional method, the powder-based method is one of the effective ways
to achieve high reproducibility and stability of metal-halide perovskite solar cell devices. In the conventional
method, precursor solution is prepared by the dissolving both MAI (methylammonium iodide) and Pbl, (lead
iodide) in a solvent. In the powder-based method, MAPbI; powder is directly dissolved in a solvent, and we
can precisely control stoichiometry without impurities and non-perovskite phases. In this work, we tried to
control the metal-halide perovskite films by controlling solute solubility and solvent miscibility using
different anti-solvents for preparing precursors in powder-based method. To understand the role of
anti-solvents in powder-based method, we tested three different anti-solvents and compared metal-halide
film quality with synchrotron x-ray 2D GIWAXS (Grazing Incident Wide Angle X-ray Scattering) and SEM
(Scanning Electron Microscope) measurements. In the case of toluene as an anti-solvent for precursor,
perovskite film showed excellent vertical crystal growth with large crystal grain size compared with other
anti-solvents. In addition, we fabricated solar cell devices and compared the device characteristics with
reference cells fabricated by the conventional method.

Key Words : Perovskite solar cells, Powder-based method, Anti-solvents, GIWAXS
T Corresponding author, E-mail: hyojkim@pusan.ac.kr
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Design of PVT Flow Channel of Air-PVT by Adopting Flow-passing
Hole Arrangement
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Key Words : Photovoltaic Thermal(PVT), 57]4] PVT Z & €| (Air-PVT collector), 37|85 (Air Flow), a8
(Thermal efficiency), CFD(Computational Fluid Dynamics)
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Wide-gap Poly-SiOx Rear Emitter Material for Bifacial Four-terminal
III-V//c-Si Tandem Devices

Duy Phong Pham*, Seungyong Han** Minh Phuong Nguyen***,
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Hyun—Beom Shin , Ho Kwan Kang

*okkok kT

*okkok kT

Youngkuk Kim , Junsin Yi
*Department of Electrical and Computer Engineering, Sungkyunkwan University,
Suwon 16419, Republic of Korea
**Interdisciplinary Program in Photovoltaic System Engineering, Sungkyunkwan University,
Suwon 16419, Republic of Korea
#*¥%School of Chemical Engineering, Sungkyunkwan University,

Suwon 16419, Republic of Korea
k¥ *Korea Advanced Nano Fab, Center, Suwon 16229, Republic of Korea
*¥¥¥%%College of Information and Communication Engineering, Sungkyunkwan University,

Suwon 16419, Republic of Korea

Abstract : We investigate a four-terminal I1I-V/c-Si multijunction device under bifacial illumination. The I1I-V
top cell is a GalnP/GaAs tandem structure, whereas the c-Si bottom is a tunnel oxide passivating contact
(TOPCon) structure. The TOPCon structure features a boron-diffusion emitter and a wide-gap polysilicon oxide
(poly-SiOx) passivating rear contact. The wide-gap poly-SiOx is utilised to improve the albedo-reflectance light
at the rear of the c-Si absorber. Under bifacial illumination with 0.25-sun illuminated light at the rear, overall
efficiency of the multijunction device increases by 2.67%. Using wide-gap poly-SiOx at the back and
albedo-reflectance light are feasible solutions to overcome the c-Si bottom efficiency limitation in multijunction
devices and hence improve overall performance.

Key Words : 111-V//c-Si multijunction solar cells; TOPCon solar cells; Bifacial illumination; Wide-gap materials.
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Ammonium Salt Additives for High Efficiency Vacuum
Assist-perovskite Solar Cell in Ambient Air Process

Kyungmin Lee*, Hyo Jung Kim*'
*School of Chemical Engineering, Pusan National University,
Busan 46241, Republic of Korea

Abstract : Organic-inorganic halide perovskite solar cells (PSCs) have already achieved power conversion
efficiencies (PCE) above 26%, making them an attractive photovoltaic device. However, achieving high-
performance perovskite typically requires inert gas condition and anti-solvent processe, which has been a
critical obstacle for the commercialization of PSCs. In this paper, we fabricated a perovskite film by using the
vacuum assisted process, an effective solvent removal method, under ambient air conditions for the effective
commercialization of PSCs. For the high device performance in the vaccum assised process, we added ammonium
salt(NH, X, X=I,CI,SCN) additives to the perovskite precursor to increase its resistance to moisture in the air
because the ammonium ion(NH;") interacts with the moisture in the air, which helps the perovskite crystal
growth. Those ammonium salts were effective to increase power conversion efficiency, but device stability
decreased in NH4Cl and NH4SCN. Only NH4I showed high PCE with improved stability. At the optimum
condition, the PSC with ammonium iodide(NH4I) was 19.8%, compared to the PCE of 17.96% for the control
device. The improved stability was due to the passivation effect of the iodide ion(I") of the NH4I additive, i.e it
seems that I" passivated the halide vacancy of the perovskite fil,. To confirm the I' passivation effect, we
measured and analysis TR-PL (Time-resolved Photoluminescence) and GIWAXS (Grazing Incidence Wide
Angle X-ray Scattering) data.

Key Words : Perovskite solar Cell, Anti-solvent free process, Vacuum-flash process, Ammonium salt additive
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Selective Scribing Of ITO/Glass Substrate with Picosecond Laser
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Abstract : The laser scribing method is one of the integral parts of the module fabrication technology. It is a
non-destructive technique that has several advantages over the mechanical scribing method. In this work, we
performed selective laser scribing for ITO/glass substrate with a picosecond laser (532 nm) and optimized
conditions with different preparative parameters. The initial optimization study was performed by varying laser
power and pulse repetition frequency. Later laser spot overlap and processing speed were controlled to obtain a
precise scribing edge. During the study, we found that the low laser (power) fluence fails to effectively separate
the two scribing regions, while the application of high laser power and laser spot overlap caused ITO damage.
Thus, by controlling the laser power, processing speed, and laser spot overlap we successfully achieved the P1
scribing conditions for ITO/glass substrate. The present could be useful for the fabrication of BIPV,
semitransparent, and different solar cell technologies.

Key Words : €} 957 Z](Solar cell), €] %34 & & (Module), & 0] #] A = 2}o] B (Laser scribing), P1(Pi), 214 A3}
=(TO)
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Anti-solvent Free Process p-i-n Perovskite Solar Cell using Alkyl
Amines as Additive

Sung Hun Lee*, Hyo Jung Kim*
*School of Chemical Engineering, Pusan National University,
Busan, 46241 Republic of Korea

Abstract : We applied alkylamine ligands with different alkyl chain length as additive to improve perovskite
film quality in 2-Methoxyethanol based anti-solvent free process. Among the addition of different alkyl chain
length molecules, we could obtained the more flat film with the fewer number of pinholes due do the fast
crystallization by OAm molecules. We measured In-situ GIWAXS about film formation during spin-coating to
investigate film formation process in real-time measurement. As a result, we found that addition of alkyl amines
leaded to fast crystallization with high crystallinity but also induced less aligned crystallite. A device with
addition of OAm exhibited enhanced device performance (21.01%) in comparison with pristine 2ME based
device (11.65%).

Key Words : Perovsktie solar cell, Anti-solvent free process, Alkyl amine ligands, In-situ GIWAXS
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Synchrotron x-ray GIWAXS studied to Investigate the Alkylamine
Ligands Effects on Metal-halide Perovskite Films

Seungyeon Hong*, Hyo Jung Kim*'
*School of Chemical Engineering, Pusan National University,
Busan 46241, Republic of Korea

Abstract . The synergetic effects of the linker molecule oleylamine(OAm) substituting A-site vacancies were
separately observed in metal-halide perovskite films by adopting a simple drying process during perovskite
structure formation. Without the drying process, the synergetic effect was observed in the OAm added films. As
a linking effect, the (100) vertical alignment of crystals was improved, and the surface passivation was also
observed. However, when dry process applied before thermal annealing, the only passivation effect of the OAm
was observed. Despite to the lack of linking effect, the device performance was improved by the surface
passivation effect in dry processed film. Despite the initial device performance of the OAm device showed the
most improved power conversion efficiency (PCE), the PCE of OAm + Dry device degraded the least due to
strongly induced passivation effect. The OAm + Dry maintained 70.4% of their initial PCE after 1000 h without
encapsulation in the ambient air.

Key Words : Perovskite solar cells, Alkylamine ligand, synchrotron-based analysis, crystal orientation
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High-functional Transparent Electrode Design and Shielding Effect
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Abstract : Electromagnetic Interference(EMI) is becoming very important. Because, recently, individuals'
time to use electronic devices has been increasing, and the World Health Organization's IARC has designated
electromagnetic waves as carcinogenic substances. So this study was conducted based on the need for
substances to replace the rare and high price of Indium Tin Oxide (ITO), which is most commonly used in the
market. We set the substrate to PET and used AgO to promote the growth and ensure stability of Ag. For this
reason, it was possible to deposit Ag so that it was evenly distributed even when it was deposited less than 9nm
In addition, the use of AZO on top of it could efficiently obtain high optical transmittance, low sheet resistance
and EMI SE value. AgO is 8nm under 5S0W DC, Ar 50 sccm, O, 3 sccm, 5 mtorr conditions. Ag is Snm under
50W DC, Ar 50 sccm, 5 mtorr conditions. AZO was deposited at 40.5nm under 100W DC, Ar flow 50 sccm,
and 5 mtorr conditions. and As a result, obtain the transmittance (at 550nm) was 83.7%, the sheet resistance was
6.5, and EMI SE 29.54dB.

Key Words : AgO(AgO), A =} 7] %} H|(EMI Shielding), & A %} & (Ag growth), 5F-3-4] 2 1 €] & (Reactive sputtering),
AgO/Ag/AZO B 2 (AgO/Ag/AZO film)
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Usability Assessment of EMP for Improved Optical Properties of
OMO Structure

| xpa{*E Sy*E f
2| & o|yE, AES

Chanhyuk Choi*¥, Junghyun Lee**, Joondong Kim*'

FQlgt st A3 e AA oA T AT 24

Abstract : Transparent film is designed by Macleod simulation program for optimum optical features. Metal
oxide-metal-Metal oxide (OMO) structure is applied for the transparent film with varying the thickness. ITO is
adopted for the metal oxide material and silver is choosed for the metal layer. Using the Macleod program,
ITO/Ag/ITO (35 nm/20 nm/30 nm) structure is simulated to have transmittance values of 71% for visible light
(at 550 nm), 12-24 % for Infrared region, and zero transparency for ultraviolet range. Based on the simulation
results, ITO/Ag/ITO film was practically fabricated to show similar transmittance profiles to Macleod
simulation. This indicates that the more efficient way can be found by using Macleod simulation tool to satisfy
the specific requirements for transmittance of absorption along to the wavelengths for functional design of
transparent films.

Key Words : OMO % (Metal Oxide-Metal-Metal Oxide structure), ITO(Indium Tine Oxide), W& 2}-$-= Z 2 73
(Essential Macleod program), 5 3} = (Transmittance)
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A Study on the Optimal Utilization Structure of a Reflector-Type
Concentrating Lighting System for Energy Saving of Indoor Lighting
and Electricity Energy
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A} A A 33 (Daylighting), € %3313} (Photovoltaic system), ¥HAFg(Reflected light)
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A Study on the Recovery of Silicon by the Time of HCl Reaction
from Waste Photovoltaic Cells

UM L, YHE*, YB

’ aOo
Jei Pil wang*'

RS §EAA T

Hyun Jong Kim** Jong Deok Lim**

Abstract : B FF 2 Fgo o2 YH G FEE a8 N, AR 8 H3T S ol &) A
307 A A A A 0= AR 5Fo] FASHA S 7Eell oL itk By F A A o] H o 4212 2F 20~30
do g 7 oj3o= 5ol A AstErTt. oo upet =g o] thet 7] g Eg v IS Ao
A dE HFd RES AR AYES 25t 2, 78, ¢FE, S H SR
AElo] Ytk ol AEES 3¢ D AL At PV 7HE R EQ WA A AL FAaA o R
W A& 7He S T AL, H71E B EAE AT S gLtk E3F Siemens processS F3F A
2 B oF A Aot A oY A FhS 43 = S ASRE V| Heh mpEkA] 2 At
A= B 2E F ribbon wireE A AT B YF AERE Lo o2 AHAog 345
7] 91gt 712 A5 skt A B o Al 9] SEM-Mapping, XRD ¥ ICP-MS £4-& &3l &
A E S gotet gl AR 4 2 E EY R @95 22O Fol 24 2] sl dukA
O 2 ARG E = AR &9 vhE-S g5kt o] & A g HCI &S ALg3to] 3 & Rh-gof thgh
He 5 A& 93 A7k e A E {O”O}“E} 2‘% 174 2 A3y °4?L OH EEHHCl 5=
7t

PP ARAN

Key Words : e} o833 Al (Photovoltaic cells), 2] (Silicon), HCl(Hydrochloric acid), & HF3 A]7kH(Leaching
reaction time), <= &= (Purity)

T Corresponding author, E-mail: jpwang@pknu.ackr

BT AR A W () AR B AT S A F U] BB2IE e A 02 A UE AT,

IAR



2023 SHREUOILIXIENS] EAlStE YR 1S/(2023.4.19.~2022.4.21)

PVE-P-38

Effect of Solder Flux on the Incidence of Hot Spots in the Resistive
Solder Bond (RSB) during the Fabrication of Solar Module Circuitry
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#EHXSK Solar Energy, Co, Ltd, 112 Jangwookjin—ro, Yeondong—myeon, Sejong—City 34013,

Korea

Abstract : Large-scale solar photovoltaic (PV) power facilities frequently experience Resistive Solder Bond
(RSB) hotspots, which cause production reductions of between 30% and 60% in the affected modules. In this
investigation, modules were created under four distinct circuit configurations and tested for bonding strength
using tab pulls. Also confirmed was the relationship between bonding power and deterioration following the
Damp Heat (DH) test. The results showed that samples treated with flux had soldering strength decreases ranging
from 1.12% to 8.52%, while samples not treated with flux had decreases ranging from 16.52% to 30.01%. It is
crucial to restore and reuse solar modules in an economical and ecologically responsible way in order to support
sustainability in the photovoltaic sector. The causes of RSB hotspots in solar modules are analyzed, compared,
and troubleshooting solutions are offered in this white paper

Key Words : Contact angle, Hydrophobic, Plasma coating, Leakage current, High voltage insulator
TCorresponding author, E-mail: junsin@skku.edu, engine29@naver.com
5 7|

This work was supported by the Korea Institute of Energy Technology Evaluation and Planning (KETEP) grant funded by the
Korea government (MOTIE) (No. 20218520010100) and (No. 20203040010320).

<242+



2023 KSES Annual Spring Conference

PVE-P-39

Optimal Solar Cell Sorting Method for High Module Production
Reliablility

Minseo Kim*, Yong—Jin Kim*, Yunae Cho*, Sang Hee Lee*, Do Hyung Kim*,
Min Gu Kang*, Hee—eun Song*, Kyung Taek Jeong*, Sungeun Park*

*Photovoltaics Research Department, Korea Institute of Energy Research

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

Key Words : Cell sorting, PV module, Module reliability
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A Study on Resource Circulation Process Technology for End of Life
Photovoltaic Modules
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Development of Module Unit Diagnosis Device for Solar Power
Generation Device
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Analysis of Solar Radiation Reduction in Buildings according to
BIPV Application

Yyrer, negH

Jinwoo Jeong*, Bokyoung Koo**'
a7 EdT Y VYR GEE, el AT d T AS U A A a

Abstract 1 AE U 2] 128 FA-S $I5E BIPV A 25lo] 5] 4§53 glom o] g3t =

B 7)% FEo] 7HsShE S shof 7lel A4 B oh ek A 35k Aol 7]l bRl ES 5

A7k B gt Aol th ¥ o] A 7180 WA oAl AW} 4B 0 2 BEH o] LAH PV

Fol A% A} A7e de}“&l A3e 3 5 e AR whsto] A% YRR §9HE U

oo] wshs £A45e T

A ATE A0 R RSG5 2500 x 2000mn 5-0] A2 4l N0mm . 5
]_

¢
zl
%

o] A H PV L5 U519 Ecotect AnalysisE AF-&3lo] AU 74 AFS A4S} 35 9
S AL 0°, AT 452 0-45°714] 15° 9] 2 4EbA| 2 4 5h 0 0], 35 ] 2 S 80
okl 24 o] bt RS HRA 02 Y9lo) me Arndtel Wals gEskas ¥ A
ol o] 514 7|(6~8Y) B UL urg] Oﬂ wha} zHzb 18~20 kWh/m'(42~45%), 21.5~23 kWh/m
(44~47%) A 7FE)Qa1, Kl abero] A9 7k 2] oo il 5.4~7.2 KWh/m(78~99%), 8.3~9.4 kWh/ny
(79-99%) #1115 1. 41 ol ¥15ho] 2 afepo] g Aol 49l ALk A Al OF 1-12 kWi
mt 9k 0w, o] A9 F Ao w54 mmww 99% Z}ehE| Gk & e = X PV
wEo| HH7] ABUNE AHetE AFe 715S FI ST - US T W, 53] o
2] %% A o) ealet Aol Asho] by g Ao 2 A H ek

ol o _\‘ﬂ,

Key Words : A £ of| 4 2] 2 g (Zero energy building), B ¢332 d (Photovoltaic), 71 U | & B L33 (BIPV), of A %]
A+-& 2 (Energy Conssumption)
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Development of Bifacial Module using M12 Solar Cells and Field
Demonstration Analysis
UXR[F*** A ARSH AR

Jinyun Kim*** Ju—Hee Kim** Junghoon Kim*** Changheon Kim**'
AETh FEstE sy, Aoy A, R (F)RA

Abstract : IEA(=} A o L 2] 7] 1) 2050 WA 2’ 2 Efof w2 A8 AR 2o Y 2] v 5
88%7}A] A 3Fsl oF ghrh il WSt o] of] HH 2] 2050 B A F Y H3EA A E 7] =2 RE100
HQl o2 Aeka At g o2 wstd Aoz HWdEct olo, gl fgitd A% oo w2 7
A GHE e nag/fHAst G BE 7|sodo] sty e o] ufd 1EYH &
O QT FAA & E W HAFEAGAY Ao whE 7HE AR Y FRE 95 MI2 Bk ] 7] 8F
HA ®ES 7|E o] Fastth & A-tollA= 645WpE A 1 EE &Y HENET

KW BENSS Fi S oA A5 S AN skt
Key Words : tf] H & (Large Area), &F H g} 9832 1 5 (Bifacial Solar Module), 11 & -8/ 2 2] (High Efficiency/High Power)
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Analysis of Environmental Impact for Eco-Friendly Sites of Land
Renewable Energy Development Projects

ZmH* Bz e
Gyobeom Kim*, Jongyoon Park*'
SRR AT

4 %508 F7bstm glom A QAR 2

WGt HAFY BE w40 U B IFY7 A Aol %7k Aoz oAbEch
A S el ot A2 8, 54,

Aol QXS AT e B pg Aol F7h #AF Mol Thipm o] Hu| e A st
o|al

g el [e]

AP O] AT A AL A TR A AL Y B
stelon, olg Baf AL AbY 27] B E Bk WA A 02 Qe 3
317] 918 WS AASE Qlek. SR A AL S GG 2] B
2 AEske b glo] AR AF 7)) e GAHE /AT ek B Ao AR
AFele) QA Al B A GRS AT 4 G A4S AR S B PR AR L

Gah LA, A2 FAE L HA, A, G A Bol YA Ao P Al DTS Fol
ARl AT AT WS SUT] AT A R E AT ek

_ﬁ
i)

Key Words : -4} 9F3F(Inland Photovoltaic Energy), 273 % 3F % 7}(Environmental Impact Assessment), of] 4 ] &
2L A (Energy Transition Policy), ¢ X] £ 4J(Site Characteristics), ¥4~ %% (Carbon neutral)
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BE ou)g &8 Z2udil A4 2A¢ E
Ag/Al A9 AR

Effect of Firing Conditions on the Correlation between Boron Emitter
Doping Profile and Ag/Al Electorde

*, % % * * *
AR RO, ZITE, Brger, o)y

l0|l

* *
L U8B, Y=3
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* X Z{EH*
y O O—T1 ,
olsfAd** &35|2*

June Sung Park®** Yunae Cho*, Min Gu Kang*, Sung eun Park*,
Sang Hee Lee*, Yong—Jin Kim*, Dohyung Kim*, Kyung Taek Jeong?,
Hae seok Lee**, Hee—eun Song*'
o J A 7| e At kgt it I AE sk

Abstract : 2 A7 W& ofo]e|9] w3 Zzutelst 44 70| Ag/Al Aol v H & A H 54
o Qake shelstelth B ofn|E o] §A-L BB E 7INoR G SHabsel A skt AgAl 4
I gHe 229 =Y 7O R FYFYU T A AR E B SEe A Zolo] 1 =3
mEotls 4 LEo] Wetolth 1 AntE ¥ o9 Frhe A4 2EY FrhE BE A

MG Selstgon, BE oo a4 2A0) WetE Eoto] BE o E ot AgAl A7ke] A
717 54 WA S 913k ke A A st e,

Key Words : 2 2 of u] €] (Boron emitter), Ag/Al A =-(Ag/Al electrode), 2~ T 3 & €] (Screen printing)
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Reaction Kinetics of Healing Process on Light-induced Degradation
for p-PERC Module with Gallium Doped Wafer

A O *T
220l

Soo Min Kim*'
*FFO| AR R 7)Y Adu| o7 ATAlE

Abstract : The light-induced degradation (LID) phenomenon in solar cells reduces power generation output.
Previously, a method was developed to prevent LID where a group III impurity that can replace boron is added
to the silicon wafer. However, in a subsequent study, performance degradation was observed in gallium-doped
solar wafers and cells, and a degradation pattern similar to that occurring in light and elevated temperature-
induced degradation (LeTID) was reported. In this study, a 72-cell module was fabricated using gallium-doped
PERC cells, and the treatment of the LID process for carrier injection in the range of 1 to 7 A at 130 degreeC
was analyzed using kinetic theory. We selectively heated only the solar cells inside a 72-cell module using a
half-bridge resonance circuit for remote heating. To monitor the treatment of LID process in real time, a custom
multimeter manufactured using an ACS758 current sensor and a microcomputer was used. Least-squares curve
fitting was performed on the measured data using a reaction kinetics model. When the carrier-injection
condition was applied to the gallium-doped PERC solar cell module at a temperature of 130 degreeC, the
observed degradation and treatment pattern were similar to LeTID. We assumed that the treatment rate would
increase as the size of the injected carrier increased; however, the 5 A condition exhibited the fastest treatment
rate. It was deduced that the major factors of change in the overall treatment of the LID process vary depending
on the rate of conversion from the LID state to the treatment state. In conclusion, it can be expected that the
deterioration state of the gallium-doped solar cell module changes due to the treatment rate that varies
depending on the carrier-injection conditions.

Key Words : 33 ¥ 3}(Light-induced degradation), p-PERC(p-PERC), Ht-3-'5 < &}(Reaction kinetics)
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Mechanical Load and Photovoltaic Module Performance Relationship
via Structural Analysis Model

=3, o|xHE*
Yohan Noh*, Jaehyeong Lee*'
ARSI A e ot

Abstract : Recently, with various policies related to renewable energy, the expansion of the domestic solar power market is
promising, and the importance of developing high-power/high-efficiency solar modules is being highlighted. Generally, the
market is expected to be dominated by large-area solar modules utilizing M10 or larger solar cells to reduce the levelized
cost of energy (LOCE). As the area of PV modules increases, the mechanical, chemical, and electrical long-term reliability
characteristics of solar modules are required to withstand external environmental factors during installation. In order to
develop high-power/high-efficiency PV modules, the large-area of modules is an essential element, but the high weight of
large-area PV modules makes it difficult to secure mechanical characteristics against external loads such as wind loads and
snow loads, as well as difficulties in construction and maintenance.

Therefore, research on securing mechanical characteristics that comply with IEC-61215, which is the standard for
evaluating PV modules, is necessary. The degradation of output characteristics due to mechanical loads on solar modules is
due to the damage of solar cells within the module. In this study, the distribution of mechanical stresses and strains generated
in a large-area solar module using structural analysis was compared with the damage patterns of actual solar cells, and the
influence of solar cell damage on the output of the entire module was analyzed.

Key Words : | 'H 2] € o} = E(Large area PV module), 7+ % 3] 4] A] & 7| ©] A (Structural analysis simulation), 7] 7|
2 Al 2] A (Mechanical reliability), €l &F A Z| 3}<=>(damaged of solar cell)

5
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Research on Power Generation Systems using High-efficiency
DISH-type Concentrating Systems

QA MRHS*, e
Jaeseok Oh*', Jaeho Shin*, Kwanghwan Wi*
*(F) sl ote | A

Abstract : Solar energy is attracting attention as a clean energy source that does not affect the surrounding
environment, such as sunlight. didn't get attention. In this study, by adjusting the individual angles of the 462
reflectors that make up the hemispherical solar collector, we succeeded in collecting 100% of the light from the
collector, solving the problem of sunlight pollution caused by light reflection and maximizing the heat
collection effect. A solar power generation system was fabricated by combining this high-efficiency solar
concentrating system with a GPS azimuth tracking system using the sun altitude azimuth calculation formula. It
is expected that this study will contribute to the spread of renewable energy in the future and provide an
opportunity to expand the market for solar heat-based power generation systems that have great potential.

Key Words : g oF g g2 A] 2~ Bl (Solar power generation system), 54 A| & & 3% A] 2~ 8l(Dish concentrating system), Ef

oF 22 A A d|(Solar tracking system), €] %F33 23 & & (Solar concentrating efficiency), A A4 o] 1] A

(Renewable energy)
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Performance Analysis of Multi-effect Diffusion Solar Still with Feed
Heat Flux and Flow Rate
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Key Words : B} &F o] X|(Solar energy), E4t4 < &5 7](Diffusion solar still), TF3 & -&(Multi-effect), € -5
22 (heat flux), T2 (flow rate)
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Drainback System of Solar Thermal System

o = *
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A S LT oI -t b T S
Byung—Ju Lim*, Sung—Hoon Cho*, Seok—Min Choi*,
Ga—Ram Lee*** Chang—Dae Park***!
7| AATY, LREANYA VA AR, AR EHE AT,
sy g At st i ek, SHET| A Fet

Abstract : B F 1 A28l 0) 14 V)71 AA F A7), AAA R, B, Aushy] Fow TR
ey S e RS0l AA D A2 TS X8 o ¥ 4=A] 28l (drainback system) & T
chouj = A AE"e

)2 woped Alaglo] A5 A oS w ;e W AL Aol 4 A7) % W] vk

AL WA S8 A S AA S oulgich S o] A9 B4 Aol wjA LTS ALg
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Key Words : e} oF & A] 28 (Solar system), Hl| 4= A] 2 &l (Drainback system), 3] & 7] (Collector), <= (failure)
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Design and Performance of Multiple effect Diffusion Solar Still

U EME*, A|MOIX, Of7bErr, wpapry*
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Byung—Ju Lim*, Sung—Hoon Cho*, Seok—Min Choi*,
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7| AATY, LEENHA A AL R, AR EHEATA,
* 3k g1 *6L7] Of]ah:HoPO_]r,Hol—ﬂ .é.a-]E7]7_—"-J~ol—J_]—

Key Words : Bl oF & ©<=7] (Solar still), T} & -8 (Multiple effect solar still), 24 A] (design), 4 “5-(performance)
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Design and Performance Analysis of 1-kW Microturbine of Organic
Rankine Cycle for Solar Heat Collector

_—,I_%x* * % |._<'3_£||*,**, t_|||.x|__2_*, 7D|%:|_'0I:_|*T
Woong Jun Ko*** Ou Sek Chang®** Ja Woon Park*, Young Won Kim*'
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Abstract : 7] 2 71 A} 0] & (Organic Rankine Cycle, ORC)2 7] & 2] & 71 Afo| Z 1} F-AFSH € o 5HA Af
CTEolu} A5 A} 0] olnd 7] e AL ST ORCS) 52 4 % A 1 49 o
=

AL D e oA E 233 FH AT LS AR 5 Qlks Aol T 1
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¥ (Meanline design)©. 2 A A5G0 A EZ AL 183to] L= 1457, I+ 10
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Key Words : -8-7] 2 71 A} 0] Z(Organic Rankine Cycle), B ¥ %] & 7]|(Solar Heat Collector), =7 & E] %l (Axial
turbine), 3 w417 41 (Mean-line), £-d| o] = A 7| (blade design)
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A Study on Optimization of Refrigerant Side Flow Path Distribution
for Performance Improvement of Finned Tube Heat Exchangers

Als2|oF O|AF=Z*, Zatz|*
Shehryar Ishaque*, Man—Hoe Kim*'

*SReNSE FUADTLAL

Abstract : Finned tube heat exchangers are widely used in air conditioning and heat pump systems. The
optimization of the refrigerant circuitry along with capillary distribution is a crucial parameter in order to
improve the heat exchanger performance. This study focuses on the numerical simulation and optimization of
the refrigerant circuitry and the capillary tube to improve the thermohydraulic performance of the heat
exchanger. Permutation-based optimization is used to analyze the impact of refrigerant circuit arrangement and
discusses how they affect the heat transfer rate and pressure drop. The optimization process aims to maximize
the heat transfer rate while minimizing the pressure drop, resulting in an efficient and cost-effective heat
exchanger. Furthermore, the length of capillary distribution is optimized in order to achieve the minimum outlet
superheat deviation. The results of this study can be used to design and optimize finned tube heat exchangers for
various applications, including air conditioning, heat pump, refrigeration and industrial processes.

Key Words : Finned tube heat exchanger, Refrigerant circuitry, Optimization, Heat pump, Thermohydraulic performance.
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Daylight Performance Evaluation of Electrochromic Smart Window
System to improve Glare-based Indoor Visual Comfort
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Key Words : EC %% (Electrochlomic (EC) Window), 21217 (daylight Envionment), 1345 7HField Experimental
Evaluation), Z%=3-4] ([lluminance Analysis), 3] =5-4] (Glare Analysis), ++A]| == (Daylighting Uiformity Factor)
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Evaluation of Indoor Thermal Conditions and Cooling/Heating Energy
Performance with Electrochromic Window System Application

MIE* 0|8z BES* Us4
Younghun Seo*, Sungjoo Lee*, Jongho Yoon*, Dongsu Kim*'
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Key Words : 7] A 2} 5 (Electrochromic window), AW & 7] -2 % (Indoor air temperature), 1§ -3 of| 14 A] (cooling
and heating energy), 2-2] A= A1 & (Field experiment), Z1E0]| 4 X] A] & ©] 4 (Building energy simulation)
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Evaluation of Heating and Cooling Energy Consumption of a Light
Shelf System Integrated with Radiant Heating and Cooling
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Key Words : E-A}Y H(Radiant heating and cooling), 3341 5k(Light shelf), TRNSYS A] &g ©] 4 (TRNSYS simulation),
Yl of

| 4] X (Heating and cooling energy)
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Design Proposal of Installation Space with Hydrogen Fuel Cell
System for Detached House

MM A 7|*
Young—Sun Jeong*', Yongki Kim*
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Key Words : =2~(Hydrogen), 1 & A X|(Fuel Cell), -84 (Installation Space), T8 (Detached House), o] 4 |

E_—g(Energy Efficiency)
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A Study on the Real-Time Building Energy Loss Estimation Using
AlphaMet
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Analysis of Cooling Supply Temperature and Thermal Output
considering Condensation of Radiant Cooling System in Different
Region in Korea

AME* ¥ Mz
Seo Hee Shin*, Se Eun Park**, Woong June Chung*'
e AR L Bt o L i i IS AT e

Abstract : HAFA| 2”2 7] E Ol FA| AE RO A A= D o X Au| g 5 ok S| o]
ol Qo] mEAQ AA o T W TAZ W Qloh AT Y] o 52 L2553 7%
L By Aol A2 EAbo] e o] 2 | A5l 7] o 2R L2 kol uw urad e
o] A OPHt —gxﬂﬁol 2y gk, vk o E“# X*U}% e o534 i% HFro FFS v A 4

ol ok 214, 2B S S A8 ] ok Ao el AR A
7] 913l Department of Energy Reference Buildingo]| 4] A| 3-% A7 E Lo AAES AA ST
2k 2do g AE I M-S A 2 24517] 918) ol | A & 2] 22(EnergyPlus)&
Jgom 7 A3 A2 SR O T4 e eyt AY AR ez Hoh ol Whko] B}
ot A2 HALL 6YHE 9L7hA] e g R R 7, 8o HrAlEt T A2 Aol o] B
%Xéﬁﬁl U AL nPste] I 255 YR 2 AT A 71 E A div] T} AE o
e oF 5%, 40% AR 0B B 2 Aol vl o] 7k ol o 10% PAE ek

Key Words : Z 2 (Condensation), B & &F(Thermal Output), £ A} ¥ A A~ Bl (Radiant Cooling System), @ 3 A~ A &
(Office Building)
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Proposal of Application Design for Switchgear Facility Management

CIONE= P SEe I
jahyeong Park*' Kyu—chang Jeong*
AT e AT g

Abstract : Maintenance is increasingly expanding. Compared to overseas, domestic maintenance and painting
management are incomplete. Research to directly improve the durability of switchgear continues, but
economical management has ended up being looked at by humans. In response, domestic LS is developing a

switchgear management website using digital twins worldwide. In this article, we would like to do a design
study to make the most of these websites.

Key Words : 4=HJ] A Wk (Switchgear facility), o] Z 2] #| o] A (Application), Ul t] X} 21( Ui design)
T Corresponding author, E-mail: wkud2008@keti.re.kr
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Analysis of Energy Flow of Self-powered Smart Windows

o3 HiSZ* ZME* ZNS* drEyl*

*T *

Hyunyoung Lee*', Hojune Bae*, Seohoon Kim*, Jungho Kim*, Jongbin Park*

2 PICTA T 2o 2| Al g

Abstract 1 2050 S5 F21% ol upel A AZERA A WY O AE AR A 2oL AU
(Zero Energy Buildig, ZEB) ©]%.8}7] 0] Zobeich S0 A%E 24 AW, % 22 ¥ A8 /)
W oz 20| AR AZ 2% oot AW S S A 2A whACI9U208 T AZE AT
A 14m2 o 4 AL OR BUREE FEAFE AW Suim2 o4 25 AR E W EFE o
A 1m2 o] A, 0¥ FE = Wb ERE AW A sHmE A 2o AW Q% o FatE A

Atk Ao UA MY e B, 7 WA S Akstel W o U X 4 7 eRS H AsKElA

eyoh 30 38641 o], BEMIS(OYE] 56 4) 9 v op, A 95 ) AL oLl A 74 k. /2]
A& PAA L AB A BB A FE 020 ML WA A /A G AT 2 9 49 Tt
=2 285t Yihy % 2ol A Arkol = EvbA 9l AntEQE S of ek 257k F7hsa 9)

AUEAE SO e wAlS 93 A YR ES BEY oA A Y AnfEAES T
dol shsstet U4 4y AntEA 8 QoA L sy wE el A Jashe deol Fahe
Aol & 95 AnbE ] o FES 919 A%/ A BHAA BE A U A el Bash, of
£ 9% X EES BAsGT

i)

Key Words : A1} E 2% (Smartwindow), ol 1 A (Energy), A 7] ¥ A4 (Electrochromic)
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Analysis of Power Consumption Patterns and Power Generation
Amount of Balcony Photovoltaic System by Apartment Household in
Seoul

AX|F*, HU27*
Jiyoung Eum*, Yongki Kim*'
A d7ed T AFNHAAFL

Abstract : 7 5= 30M| o o]/F<] F&5 20234, RIZHEZ2 202413 58 A
RoUAASE ofF-oh5 Alstal qloh. the o] AAA| o A= obutE whsiy o] A7 4 9l= v

fu)
2
4
P‘l‘,
2
ol
ofd
4z
Mo
flo

ShES Ao oF 1W Boke] AXF Hedu|ue AT wrm o] Ax 5 vy djeky Au]
SRS BB IR Gk 24 A Al A2 A TR BT X% obhE S hato.R

762 80 o] o] Al e 4M = A skt B g Al o] A EFS R 24 H =
850W(LAF 425W 27), /-5 - 241 = 1.2kW(HA} 300W 45 )o v hs Y B of s K& 2 Al of whet
2-4%o] AER A= FEY Hbol FAE 70°2 X = ek B FF A El= A& 95% o4
) AlF ARESHTh B4 S iRt dlolE 52 E Iy g ofg E A g at Al A A8 = o]
oh Al AT = v " 2AS §fste] ke A FAE Atk A dlolE 9
HAF HolH e 12 G2 A5, FAC R golg Auo] dednt. dloly =3 7|72
20219 3E 254 7 E 20223 7 27k Aot Al A anl e & 247 A, 5hF F A A
o) A an|sfol il A 5 ohd 7], 53] 74 9] A avlEo] 7 gk A Y Hefge HA
T AT W ARG ol whet A FEE & 5 A & E
AELAE g 59 A&7 o 3 - geho] digt A+

oo L.

Key Words : o} E(Apartments), 2 A~H] 3 €l(Power consumption patterns), 2F= 1] €94 2H4 A| 2~ #l(Balcony photo-
voltaic system), A1 7] 2~H|=F 4 Z}(Electricity consumption saving), Al| 2 0] X] 74 Z-E+(Zero energy building)
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A Study on the Analysis of the Land use Efficiency for Photovoltaic
Projects in South Korea

= o *T
HEE

Jong—Yoon Park*"
gt At g R

Abstract : 19EE 0 2 AVl 2] 9] X 92 B4 o] B op A A n] XS 919 A FA A A
EAbro] WAYE 4= 9low], FA B BACN AL T Aol ofs) AR AL aek 9]
ok Wb, e AN 7L WA bR A QS 1T v B A SH AL B0 § AL (A
o] S ol A% W ALY HES Hastehi glo] Wasieh B Ao A& #2457}
o 9HETH2006 ™ 20181) FATE Y A A OF 2800708 ThAFO R A u] (L vk, 172

i, 2w ©] A1) 9 Q) A (4HA] 9 H]AFA)) ol w2 ] o] § 5% 4 (LUE: Land Use Efficiency)&: 1]
LA ST AR E A AL A 9] 50%7F i T REe] AT e kol m, 2w o A OF 15%E
AAgkeh A Bd LUBE 6317kWhao| o), k<o) u]4kx|o] ®d LUEL: 22} 623.0kWiha,
642.4kWihait W] 4HA] B of o] Ex|o] § & A o] tha & R OR LA gtk o] & Hu| g 77
o] whef v 53] 2w 2MW ] gko] Abelol A 4bX] 9} ] 4bX] ]9 o] LUE Aol 7 A A= AL X
ofZt}. WA, AulgaFo] IMW uqrel 4bx|e} ul4kx] ejoFe] B LUES 212} 571.8kWihast
608.9kW/ha=Z lhatd 37.1kWe] 2} o] & Hol= Ao 7 el o, | 7 2MWH AR &} v Ak g ok
o % LUE Aol = lhag S2TkW o A& o2 £A 5k A7 Wi &3 B4 235 4
At g RS o) A A o goltt.

Key Words : | A o] 1 A] (Renewable energy), -84 & 7}(Effectiveness evaluation), & Z] ©]-8&(Land use), 4~ Ej
OF3%(Small-scale photovoltaic), -7 & &F % 7 Environmental impact assessment)
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Analysis of Heat Generation Factors by Operating Change of the
Supply Fan

N, o[ZIE, olsQ, AYEY

Woosung Jung*, Jinhyun Lee** Hyein Lee*** Younghum Cho*'

coeish A%, rr st Fe/1EATA, et duisY A%t}

rO

*

Abstract : 2 120 A= W F T A LGN Bl Ao A E R B & Ao BB H AL 3
ot AR L Bl F71W 0D o Z wAS AN Ak FE7] 0] A Lu]EE of
HAE Eoli il shis ol7) W Aol Glek 9171w Aol ol 2ol Ay £ e

& ol m e W HE AR WY AL Me) AT el A 4
“7 [[H’_/J\_.%’ A = Oﬂ_q‘ 70 oy /\/\]o] H]‘/\ga‘]—q—

g5
XPOE o, 3719 & & ohe &
%71% 2 <l sf éf& 2=

Aol M = w7 dd =

jﬂ_/klz;lﬂo 1:H/<1—5L7}o§/\ .
Il &5 AHCasel] He 2 HAASHATH W £ =& 20Hz, 30Hz, 40Hz 50Hz= A3 & 2+29) &
EOHH Huld ¥ 7 =82 20%, 40%, 60%, 0%, 100% Y50 & 207} 9] CaseE A A5t A3
A, FUE A & ol A E—]U]L“ Y Mese S7HA A O wheh S-S Sk, 57 A2 3
5T, LRI Aot AL SFAAT EUT B ARl A B L5} Aol e FB
o Z7Fetul, 7] Agtol B A& Selssion, LA S A Sstsict. A
HEvigo R fojd W A= g7 W& ES EYUSR, LEAS FHUSR AYsto] 053
TS 5T ol S 2L ALstoleh AL Oﬂ—é wYg Ee o Sk Aeghe vt At

R3] 0.9494% LtebtTh.

N

Key Words : 3% 7](Air handling unit), 13 (Fan temperature rise), & 7] M (Supply fan), £] 7] =4 o] (Economizer)
t}% 3] 7 &4 (Multiple regression analysis)

T Corresponding author, E-mail: yhcho@ynu.ac.kr
7|

B AT ARE] A REAN Y U0 FHATATEE] A UL ol 43 E @791 THNo. 2022RIA
2B5B01002618).

Ao

* 270



2023 KSES Annual Spring Conference

| BEE-P-3
olzntol 7] & 4% Al
A A4 24

Analysis of Energy Usage according to Faulty Outdoor Temperature
and Humidity Sensor in Economizer

>

] 23] uE
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—— ,

¥ Etopal* A EH

Minho Kim*, San Jm . chanuk Lee*, Ahmin Jang*, Sung Lok Do*'

Abstract : o] 5 tewtol 1= 9)7] £ 7re] Lm0k HEA 917] BAFE F7HA7A W] o)
Sh= oY A AZF Al Aol oluf, 9]7] & L7 STk s 7ol 7] 2=t FETF A
£t} sk A710lt olzlolA Aol A 4 25 qoI9) G Ao AL Aol 3
th 15 AT 2% Aoj= 7 g o] R AT 22 97] EES AlojstER 9]7]9] 5
7t A A7) 2UEY T 23] oA AHEE ST E oF7] et g ] Xﬂ°1 W Zﬂ
FLE Ao] o) A S neels] 99 970 LEet SRS FAl] LT AL S sjurow
7] £UES AP Teft A Aol S 5 AN 2 ) oA A A
2| 7F RIRisio). 9)7] 255 Ao Agho] AstH AA 2)7] ?ﬂ%ﬂ T Al Al %}7&4
Aol 7} S EE AL Qs ko] A o17] A e 8 9. B4 Avel Hc} o e
9] 917] T]o] o] Fol A WH o x| AHE-&F F7HE oF7| et “P‘?‘;, *i*‘%l Aerd ghol *.z_‘xﬂ 9]7]
Qg a)sch & 7%, 44 et o) 7] £]lo] 47 o] Rof 4] o] Liento] A2 2z o YA
47t B37) ek ofo] o] Lientol Ao St ES 98] ol7] &4k AA Agh A WAE
= oMYA AR HEel digh &40 Hasteh webs & At dE AU A Al &9
EnergyPlus @] Fault model-2 ¢]-83}¢] 97| & 5% AlA 9 AsHS 71Aslal, 97 -5 Al 23
g o] g ol J A AHE-EE A5l

Key Words : ©] 3 =1}0] #(Economizer), 2] 7] &= & (Outdoor air intake rate), ¢ll'& 3] A| o] (Enthalpy control), Al 4]
A 3H(Sensor fault), o U] X A}-8-%F(Energy usage)
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Fp 20 7|80 the A g 2
Analysis of the Indoor Pressure by Supply and Exhaust Air Flow
Rate of Variable Air Volume System

2@, oz, xYE
Gyeongwon Kim*, Jinhyun Lee** Younghum Cho*"
rreiL AST, ol el EeTe

Abstract @ 71 & o] A A5k 4 Y PI_ oL stA] & 5719 35 oF7|shH, o] 2 sl W
F3l S7h 571 ik 5o TA 7 AT o] of] A=l A o EEkA] 2 579 o] WA kA
B 5H7] flefA = AU e Alojrt Hasie 2 Aol Aol v H w7 =
o] ¥ 3}of uwhat H““’é‘}% oo HIlE A s Soll Eelstaia gtk Ao 7|5+ FF M3E
F7] Yol HFFA A" o] DA H TS EH%EE A S Asteiet Suf 7 H = FEFe "=
—r7l 9 H:L71J“ Dol d &=, Hulg @5 MesS A tA 0w ST F R A
F o AAH AFAMAF F8l AdHolHE AL A FEHA(TSHE ZF Aol AR H
"/1%11—4 && S5t FFS AASI T AE A9 5790 S5 9 |9 fego] S S
5 570l Tt A& Rk Agfol Frilew, v 7] MO vt SR v He F
Fol S7tsto] o Fof vl AU S FA ol AA = A el =3+ Aof 7| YA F 2o
2 Qs Z& o mdsty] 913t 5 Apol7F dlom, FUT TS FastEete A 1
A7 = Utk 2EE& &5 o] & B8l S RAI AR Y HIFH A LF A8 A AR
THH7] H= FF A E 3 AW A Aot 7ted Ao r watE
Key Words : ¥ 33F A]| 2~ H](Variable air volume system), A} 9+ (Differential pressure), &% % (Supply air flow rate)
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Experimental Study on the Cooling Energy Consumption according to
Changes in Set Value Operation Condition of the EHP System

ZIEH F*, '§—’.-§—**, o|sta*** xFPEH
* im*

Taeyang Kim*, Hyojun Ki . Hangyeol Lee*** Younghum Cho*'
tE et AESHE, e FTedTA, e d st dRtdiekd &5kt

Abstract : %) 7-&1+ko] JgF o 2 Ay A Aol o] it o) o) 1A} F sl A W A
Hypol S E ik d A W A2 5 72 S| EHZ A LF o] ARGE AL glon, H7] 5| EH
3 A] 2~ Hl(Electric heat pump : EHP)o| 7} & Tho] 28 %] 31 Q) v}, 5} 2| qt EHP A A8 B 3 9] Z7]9
e} o | x| asm] ko] F7bekelaL, ofof sFE 7] W o | A AR HE o= Qs A g
xﬂe HHH/\];H\:]- o]oﬂ :rLg 01.1-17] EHP/\]iEE}[ OﬂLiX] /\u]ak x%ﬂﬂ A 011— §0;<4o1 O;ﬁ
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BE m ok n shol, AU A4 L 8 Fael The We, W £ 8 A2, o) 46l
0 HSASE v RAS . B AW EE 2HS 915 HOBOS AgatAon, B3 ¥
& 24 99l AUFESAZ SU7] HET Y7ol A steieh W LEo] Wk 2451 9]
S AANE F87) W $H7] A2 u el FATA A LW AP W FPo] W2 X
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A9E BFE FEH(Water—Wall) AlLH] <F 4
iz A7tas vadd a7

Natural Solar Water Wall System Comparative Experimental Study on
Heat Storage and Heating Energy Savings
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T, Ynlyr, Nolst, US4 255

, Minsung Kim*, Minhyuk Seo*, Dongsu Kim*, Jongho Yoon

i D EE

Kwanghyun Song*' *
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Prediction of Onshore Wind Resource using Machine Learning

* A Kk T
ZBIx|*, ol

Minji Kim*, Insu Paek**"

*AATsh oA - Qlzet gatskat 7| AU A A AT - ST OIE,
egAYeta o X - et §PeLI / vt ERY AT
Abstract 1 2 @10l A= 7] 7ke] B57 AT FAA UL o §7 vl el YaelH 7uke] Fel
ol 2 A7k STk FEwA] A9, FEAA] A BHOR 3 1Y B T o]
ape] 717kel] St Az e o 23t WA E chopg ATk Sy s Tk Teju A AT 9%
oA, FHAH Q) FAAUE o] B B1HT ZL DY Aol A T =0] A AL
ol 70 gt ool whet g71ck B thed o] E A o] Zo] Apdlol s elehd 1= £ &
&4 ol 7hst A0 BaEn, Hepd £ AT L WA IS S AN 9]
T FYAY o 5 SAAG P, FUAY o 2 E A K42 A A WS A, ) 7]
%%ﬂﬁﬂ%ﬂ%véﬂ%Aﬂﬁ%%éé%%ﬁﬂﬂﬂﬂﬁ st abgic ol F4 o 2L
Siet Al Y Y1 B Agshn e dolH el AR e /750 24 E HolHE 34
HEs AR HER A4gote] G RelS ot SRS S H S Tel %8 Bl T
F4 o 28 sty on], 5 71 7r] tgk I 7| Ao A Al Bet A W o2 Ameto] b
W HES F YL ol 8 FARY 50 HH=ES AF A g,

Key Words : ™ Al 2 {J (Machine Learning), &2 A}-1(Wind Resource), T7] ]| Z(Short-term Forecast), =2 &2 7|
(Wind Turbine)
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WEC-P-2

7 3k 271e 1Eg
100kW & FHEH &(Yaw) #lo% F23)4

Sturctural Analysis of 100kW Wind Turbine Yaw bearing
Considering Design Load Cases

ZAQl*  Shof R TEf 4 HHOIA*HT
Seokil Kim*, Yechan Hwang*, Taesu Jeon*, Insu Paek**'
et o q A Qlaet Rttt ot Fred et o | x| Qlze} gty H7tERY A

OH

Abstract : S E Y] A|AH oA gH|o]P o] 2 MY FasITh o] P2 Aol A,
A7) EHOlE 5 T8 8450 tied sk S WA "ok o/ Al AT oA Flo] Aok 22 A
&5 She 20|t ol 7t 5*38 AL 3 A o 0134% | 310, Ansysol| A A| 3-8k v A L2
R49 COMBIN39 A28 Q AE AFLslo] B A4 sttt LA AM_H 3152 AL &
gl 4 L2178 QI Bladed S22 717 of A E%‘%% T A4zhe] AA skE 23 sjgshE AlE
goldE 3l atE HA Z2 I M FEE 352 o7 A= ot5 3 datstg oIt & o
-l A= Ansys/Mechanical & 2§30 = 100kWT§L% ElH1 ] g o] ol )7k sh5of tigt

T2 QA BHE Sast,

Key Words : 2] €] ¥1(Wind turbine), 8 H] o] & (Yaw Bearing), 7§t & 4~ &} 4 (FEM)
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A7 8% ZA(Design Load Case)S A-L3l
100kW 23Ty U Zado] 124

Structural Analysis of a 100 kW Medium-sized Wind Turbine Nacelle
Frame using Design Load Case

SO E*, FEf4Y, wolp

—

Yechan Hwang*, Taesu Jeon*, Insu Paek**"

“ZFUENSL U] - QI ebg s, FHgAeahin oA - QT ek g s/ v 7hE =Y A

Abstract : 2 Ao A= A A E= 0] 100kWRl U B FHEIRIY YA =g ol& o s 2
A4S ool Fot L2 AL A8 7319 45l A (Finite Element Method, FEM) 3 & 713 9] Ansys
Mechanical & AF-& o} S, A8 CAD £ 2 13 Q] Ansys Spaceclaim o]-85}o] dElg] 9 Az} AY
e ofat WA e 2 ST FRANLL S 0 A FEA W A4S e A e
HolA EERZ iﬂﬂﬂ oA HEO Beam R A2 U)Aslg o, Qe HE a0 H$ AMg e
A |4 2 13 2l BladedE F3f AlALE A A 515 % A (Design Load Case)E 285} 41 t}. Bladedo|
A QAR DS 7o 2 A ste R tE 62 = st LAl 43110101] A5t o B

0)9} I A= BH.o 714 th(Fixed Support) O 2 A A 314t} o] & E3) A A e H YA 2y Yo
TE AL st o, 7 AA otF 20 WAl el o) I o= ShEE Hlal W B A

Key Words : LAl 3 3] ¢ (Nacelle frame), 2 A 515 3l 4] (Design load case), -+ 3} 4 (Structural analysis), -3-3+Q
24~ 3]| A4 (Finite Element Analysis)
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Analysis of Delamination Characteristics of CFRP/GFRP
Multi-Materials for Application of Carbon Pultrusion Spar cap for
Wind Turbine Blade

OIMIZI*, Zatz** Z7|8*
Sejin Lee*’, Hakgeun Kim**, Kiweon Kang*
AT SR 7] Al s, A SR S S A

Abstract : F=HH O] &3S 98 3t Holl ot =8 FEQ Edlo|=9 o] F7tsto
A5t @ FET) o] & Y3l CFRP(Carbon Fiber Reinforced Plastic)?} GFRP(Glass Fiber Reinforced
Plastic) 5 o] A & AFE-5to] 7] &0 Hlsl 7 2L W4 o] H ol Edflo] =& Al 2kgtet. & o]
9] 3t5& A A Sz HA A Q1 A &S Shi= Spar cap> CFRPE &850 A& FY ko] 7 3HA
7] = WA (resin-infusion)& &3 A 2HE o} s}A|0F o] WA FA F 7|F, 5, e 5 2714
ol MAE 4= itk ol of whet FATHT AT BHL A4H 0 2 HFSH T E T A (pultrusion)

3 21519 Spar cap A 2to] @ TETE WE T AL 7] A 2 E40] % o] bA 9k Spar cap®] 7
H A2 A BolE ol go] e MEYe R try U 7hue) Ag] BAHE £
dol Qltt. o] 7t HERH B E &-85to] ASTM D55287 ASTM D7905 +2-& 7|Hto &2
DCB(Double Cantilever Beam)2} ENF(End Notched Flexure) A] 3 H-2 A 28} o] InstronA} 2] THs 2| & A]
3 7)1 & A5} Mode I(opening mode) ¥} Mode II(shearing mode)A] € & =383} S t}. o] & A& 4 3}

(<]

o asfA 2 ABAQUSE 55t s 44 &4 9l 71 HERH I GFRP A & 7t

Key Words : &3 ©] =(Blade), £ %A)| & (Composite material), 57+ 1] 21 AJ (Interlaminar fracture toughness), 8 E
57 (Pultrusion), 3= €] ¥1(Wind turbine)
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74 B 538 TE
IFA AR 7229 A2 9RE Bt

Scour Risk Assessment for Offshore Wind Turbine Support Structures
Considering Large Pile Effect

* * % =4 kkxT
AYT*, = LS

[} —
Young—Jin Kim*, Duc—Vu Ngo** Dong—Hyawn Kim***'
Al SRR, e AlstL el gt et 2% - Sl A TR

Abstract : Currently, offshore wind turbines are increasing in capacity to secure economic feasibility. In order
to support the offshore wind turbine, the support structure is also increasing in size, and the diameter of the file
is also increasing. The pile size would be so large that the flow is in the so-called diffraction (and hence
unseparated flow) regime. Therefore, the vortex shedding and the horseshoe vortex are not present. However,
observations do show that scour occurs also in this regime. Clearly, the scour in this case must be related to
mechanisms other than the previously mentioned vortex-flow processes. Sumer and Fredsee(2001) studied the
scour in the laboratory around large vertical piles subjected to waves. Their work indicated that the wave-
induced steady streaming near the pile may be a possible candidate responsible for the transport of the sediment
away from the pile, eventually leading to the formation of scour holes. In this study, the probability distribution
of scour depth is calculated using the relationship between KC and scour depth of Sumer and Fredsee (2002),
and scour risk assessment is performed using the scour fragility calculated through structural analysis. The
model used for scour risk assessment was a 5.5MW offshore wind turbine, and a pentapod support structure
equipped with a suction bucket was used as the support structure.

Key Words : 3|43 9 €] 5l (Offshore wind turbine), 414 ® A (Suction bucket), A= (Scour), A= F 2F %= (Scour
fragility curve), t) -7 & T} (Large pile effect)
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IR R84 FYAY $3H(CTV)
A 7% 35 8

Collision Avoidance based on Reinforcement Learning of Offshore
Wind Farm Crew Transfer Vessel(CTV)

ZRIF* Mafg*, e
Jingyun Kim*, Haemyung Chon*, Jackyou Noh*'

e S D]

Abstract © 7 A A 2 0.2 AIAAY of U A of] {7 ¥4 o] obA| AL o] of whet -2 uhEte S 43
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AR Al A A2 5 Qe A E AT o 7ol 2 9o A 1 8 e el
SFACTVIL o] &3 FF L ATA R o) Fch FFYLADAL F2bady] shrpz
B Qlato] WASHE 97, FYUAY] SRR E Aol 2] 217, 4 A 2O Qg et B o
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Key Words : <& 3] 3] (Collision avoidance), 73} 8} <5 (Reinforcement learning), DQN(Deep Q-Network), 3l AF3& 2] 2F
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A Study on Failure Behavior of Carbon Fiber Composite for Wind
Turbine Blades using Thermal Imaging Technology

Jung—Hun Yu
*atdfstal 71
Abstract : As wind turbine blades become larger, the use of carbon fiber composite materials is gradually increased.
The structural reliability of large carbon blades has been studied by many researchers. The fatigue characteristics of

wind turbine blades are directly correlated with their lifetime. In order to analyze the damage and failure mechanisms of
wind blades, it is very important to analyze their fatigue behavior. In this study, thermal images of the carbon fiber

composite material was observed under fatigue load test, and then the correlation between the failure process and
temperature change was analyzed. The specimens, specified in ASTM D3039, were used in this experiment. As a result

of the thermal imaging measurement during the fatigue test, it was analyzed that the temperature change was generated
from the frictional heat caused by the fatigue testing machine grips and the frictional heat due to internal damages of
carbon fiber composite. As a result of the thermal imaging analysis, the temperature change gradually increased from

the grips to the center of the specimen as the internal crack grew. In addition, The thermal behavior was analyzed to
occur over two steps during failure process. After the first failure, the temperature continued to increase at the

de-bonding point, whereas the temperature decreased at the delamination point. In this study, it was possible to find a
correlation between temperature change and fatigue behavior of carbon fiber composites using thermal imaging

technology. Further studies on other types of damage such as void, buckling and wrinkle of carbon fiber composites will
be conducted using thermal imaging technology.
| ©] =(Wind turbine blade), 7+ A1 2| A (Structural reliability), I & £ AJ(fatigue characteristics),
257 & (Carbon fiber composite), & 3}AF E-4 (Thermal imaging analysis)

TCorresponding author, E-mail: silee@kunsan.ac.kr
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SMWE 38 EE0l= 58 24 3 34 A7

A Study on Aerodynamic Design and Analysis of SMW Class Wind
Turbine Blade

olg7*, ety
Yonggyu Lee*, Hyunbum Park*
AT L 7] A sk

Abstract : Recently, the renewable energy has been widely used as a wind energy and solar energy resource due
to lack and environmental issues of the mostly used fossil fuel. In this situation, the interest in wind power has
been risen as an important energy source. In this study, a high efficiency wind turbine blade was designed with
the proposing aerodynamic design. The NACA 63-421 airfoil was used considering the characteristics such as
Reynolds number, maximum lift coefficients, stall angle of attack, maximum lift-drag ratio, maximum thickness
and so on. In order to evaluate the designed blade, the aecrodynamic performance analysis were carried out, and
the design requirements were compared with the analysis results.

Key Words : =3 27 (Wind turbine), & d| o] =(Blade), &3 A A|(Aerodynamic design), &2 3f| 41 (Aerodynamic
analysis), <= % < (Horizontal axis)

T Corresponding author, E-mail: swordship@kunsan.acr.kr
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Surveillance System based on M&S for Wind Turbine

F Y, Fargt gpgr, gEgh
Jungil Choi*, Helin Zhu**, Chae—young Park*** Jun—young Jeong***'
HE)Fs e, (@ EJHAEEA], T ()

Abstract : 3173 B4 =2 1) AR Ao u Xofl gt Al @ b @ o] EobH L, FwrAy] P Eeu
kA o] 1 to] A2 Bhrj Bl 3 9)Lo whef F ] mm AR 9 3 A o) o &
Fhst ZAlolth 2 Ak Eeld Al A o] 49 2021 74X 6719] B1A Al o] wAlsh e, S
o 4102 7 A A uh, T, 4714 A% 5 o sk 9o A HEkE gel ol
olel Aatolrt. ole] 9ol a4 F T o) ALy giat SIAZHA] A2 o] ulH]sto]

S fle g o= e, HS A AH A S Bado] 8- ot & A &
gz o] A gyl digt LU 9 spAgrA o &-8-517] flsl g rgr] o] ZiufE, Iy
B 9 71 e A HE A E 22 Ansys 7| REe] AlgEo]d 2RI /ST ST
of dgwigr] o Algdeld s sl A’ A E 5 712 RAREE AW, IHE, A
2E 5ol sl subcircuite} /& ko] T AHHE7] - Y =20l disto] dis &
A= Algdold H44& ATk ol & Foll FHT 7] o 7)o tietk HA) 7“]*]’\"3‘
o oS Bl Higt 75 ) B8 5 e, & *EﬂolEié SUHAE A Lo &
BA7] 9] oA o2 917t A =gk 9] Digital FP&P 53035 7l hof] &-8-3F 314} 3

E

Key Words : =3 A A8(Wind Power System), M&S(Modeling and Simulation), FP&P(Fire Prediction &
Detection)
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REC-P-1

Experimental Study on the Exhaust Gas Characteristics of a Common
Rail Engine with the Number of injector holes

ZUG*, ARE, AHE* yLtf*, =S

|_|_|_ , O=2 -

Geonyoung Jo*, Yunchan Shin*, Cheolhyun Lim*,
* kT

Narae Yang*, Honghyun Cho
A A YA A, A

Abstract : T| & 7| ﬂf(Diesel Engine)-> &4 A4}, 7] 2k, 2452k, 54 5 Abg kel A= AL gl o
A dras Y AR ﬁxﬂ“"l $3 }04 ol A=A glom, 53] fEugtolAs 1 5
wH[&o] thE Axl ol vlsl & Holth e U 33 582 PM, NOx 5 7] 24 9] 1 o] &
A Qlo] ol E QI A AR 5 E}O‘E?ZP BEA Q7| 7k A3 tf A o] Q= AL ok 2 = A
7P94 TS AHEAF v E 7S A Y] AR QIste] Ao | Ao thigt AtrF Eds] Xd = AL
At whebA, 2 Ao A= HAAR Y] Ao A AFEE = 1A H 9 BAF &9 4= ¥ S}of ut
2 Adg Y gAMNZ ) v 7] 7k A EAof] thgk A4S 3ottt 1A &9 A= - ul7)
P* AdE A4 3}, 2500 rppmof| 4| HC 7482 5& Q1A of v]3f| 6& Q1A H = 77.6%, 72 A4 H
= 132.4% 722519 0 ™, NOx= 5& QA B o] Bl 8] 621} 7& 1A E of| A 22+ 7%2} 27% o] A 74
= AL FRAsttt COx= 780 rppmof A 52 QI E o H|3l 653} 7 1A E 2] CO, WA =Fo]
60% 7 = A Al 1 *}J%PL Ao &2 UE o, CO= 5& Q1A of vl8f 6& 3} 75 <14 B = 1500 rpm
2} 2000 rpmo] A 2}2} 0.018%2} 0.01%2] CO 1= 9] 7HA F 712 8¢l 5} ¢ o).

Key Words : CO(YAFs}eR4), COy(0] AFS}ERA), Common rail engine(#] H & 4 <l A1), exhaust gas(8]j & 7}2~), HC
(EF3}2=2), Injector(] A E]), NOx(Z A AFSHE)

T Corresponding author, E-mail: hhcho@chosun.ac.kr
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REC-P-2

A Hele 2 $AdoleE 24
LSTM 7] o A g 424

LSTM-based Solar Power Generation Prediction System using
Weather Data and Environmental Data

RS, Stefz
Hogyun Ho*, Taejin Ha
H(F) A A o] KAl #H(FF)H]2A] o] i H| o] E]

*x T

Abstract : %% B O b o o] 3-8 wjopa ek vl A Avlo] kAR 5L 9T 24 A
3, Au] 74 AR QA A AP +Ys] A% WA AR nefHh 55 A e
© 9o, WAL 29 W GARS, BA AL 5] A9 A WA S ) Fas 4T
2 st otk webd B wmRoldl 9M, s A, A% 5 o dolHE 389
LSTM(Long-Short Term Memory) 7] ¥-o] el o bzl ek o & 7] & A gkabey, 2 Q7o) 4 A hat
wEg 7o AR £ F9 B Ao A A o Saki AP Sl o] F =
2agolq Qe o wleka A4 S5 A vlmstglrh. 1 A AR Bkt o &
o] 08 2.523%S Btk o] AN T WA o 2 7o) gk B 2ol 4 AT
QU S o Zahido] e §8% 277" A0E B 5 gk

Key Words : e} oF3F 2F2 5 of| 2(Prediction of Solar Power Generation), -t} 7] | 2 2] (Long-Short Term Memory),
2] d (Deep learning), A] A] & £ (Time Series Analysis)
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Optimization of Direct-Transesterification of Two Oleaginous
Microalgae for Biodiesel Production

225, gLtay*
Geun Ho Gim*', Na Rae Yang*
() S Ao 1] 4 1)

Abstract : Direct-transesterification condition was optimized for biodiesel production from the microalgal

biomass, and the FAME(Fatty acid methyl ester) yields of the two microalgae were investigated under the
optimal conditions, which were as follows: 10 g biomass was treated with 6.0 mL sulfuric acid and 8.0 mL
chloroform and boiled at 200 C for 60 min. Under this condition, 70 mL methanol for B. braunii LB572 and 35

mL methanol for P. tricornutum B2089 were added, respectively. The inner pressure in the reactor was found to
be about 75 bar at the optimum temperature of 200 C. In addition, FAME yield(from non-disrupted wet biomass)

of B. braunii LB572 and P. tricornutum B2089 through this reaction were found to be 95.6 and 96.2%(of lipid),

respectively.
Key Words : Oleaginous microalgae(-3- %] U] Al| 2 5%), direct-transesterification(2] § -ofl 2~ ] 2 0] H}-3-), biodiesel(H}- 0|

£ tjA4l), Lipid(#] ), FAME(A] 4t v | of 2~ ¥])

T Corresponding author, E-mail: gghl1242@gei.re.kr
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Analysis of the Heat Transfer and Pressure Drop by the Turbulator
Having a Non-uniform Triangular Cross-section in Air-type PV/T

Collector
ZIMHI*  Bgrobk X 5| 2%*  E|maprrrt

Seongbhin Kim*, Kwangam Moon*, Hwiung Choi**, Kwanghwan Choi***!

- ot Chero] St esl e Atars gite )
R et YEF AT Gerel, ket AR, R et B R g o

Abstract : The photovoltaic/thermal (PV/T) collector is the collector, which prevents a decrease in its
electrical efficiency as reduce the temperature of the photovoltaic (PV) cell using the fluid. The air-type
PV/T collector use an air as a fluid, but the thermal efficiency of this collector is commonly lower than other
type of collector. Thus, the improvement of thermal efficiency of the air-type PV/T collector is important. In
this study, as one of the methods for improving thermal efficiency of the collector, the heat transfer
enhancement and pressure drop by the turbulator having a non-uniform triangular cross-section in PV/T
collector were analyzed. The results were obtained by using the computational fluid dynamics analysis. As a
results, the Nusselt number(Nu) and friction factor(f) were improved by 1.45 and 5.03 times, respectively,
over smooth air channel. The maximum thermal hydraulic performance parameter, which consider both the
enhancement in heat transfer and pressure drop increase, was found to be 1.22. In addition, the correlations
for Nu and f have been developed as a function of geometric conditions of the turbulator. The result showed
that the developed correlation could predicted the simulated values with mean absolute percentage error of
3.24% and 5.31% for Nu and f, respectively.

Key Words : B F33/49 % < 7](PV/T), CFD(Computational fluid dynamics), & % & (Heat transfer), Nus=(Nusselt
number), U} A 4= (Friction factor)
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Photovoltaic Potential Time Series Change Analysis

o = * * * % * % = * Sl
SEG*, ARG, Y AT LT, U

*

Changyeol Yun*, Jinyoung Kim*, Deokoh Lim** Sangmin Cho**

Hyungoo Kim*, Youngheack Kang*'
o YA 7| e A A ALA EATA, FF YA F A AL AN A G A

Abstract : B g V| S| & 9f sl thfet o] EEIL }lon, o] # et 4 B of| A H

GG AAT A7 ol AGHIA Ak HEA QA FAF At LD = A=y A7) d+-H-f

U A Al - 2 0&@5@01 o, v 2@ ube gk oy Al S e o] AU A YA S F 9

FAE T Ao A=A 7l d LU A G A AL LA B v FAE

o 9%& F= ?—ﬁcﬂx}i DEAZ-EA T} wrd et A A (v DA =714 )3t 2)7 Al 24
kS el

PRA A QAAHSMP, REC, 1] A 742/§ 4 157k, £ AT 7h 5)7h Slek. s vl
HEL g gol uet A% WetE W Gk Btk B AT At AW AsteAe W
2 2453, B3] AAF, EAAIIA L WEel W2 AT B E MBS 2ASHT

Key Words : e} 933 (Photovoltaic), 2 A &F(Potential), A] A & (Time Series)
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Evaluation of Building-Integrated Photovoltaics Potential in the
Facades of Tall Buildings by Calculating Shadow Coverage

TRIE*, AR*, drg g
Jiyoon Ku*, Chaeyun Kim*, Hyeong—Dong Park*****
A G o A A AR, A ST e ofj v 2| Akl 5 otat,
SRR s o A [ B R SR g =i R

Abstract : U o] A= 20200 B <A 1,000 m © o= B
St A ZAUAASZE JASAE Y8l AlBstaL 9o, 2024 d of| = A -§ S U WA 9
e 4 3597 ST Al g ol o]of o X & AHA| A 0 =2 AFAlsl7] 98| )
AE LA}, 21 Sof B3l AEYUAS g oFddhA A A 8l(BIPV, Building-Integrated Photovoltaics)
of gt Aol FotA| 1L Qltt. 3] A& e F&st= dH HFF A, 1T A=l B2
T oA FEAo] =& AR AAFEHT. 53] HjF e Zto] U2 ASHO AL dtHor ¢
H e g W gFo] SUsHA| T S o] ZojA B2 WA A JFS o & Ha vt oot
wreba & Aol A= S H oA AE T} Al Ttof what Q)
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Key Words : €} 93 (Photovoltaics), 715 U A & €ff 3334 A] 2 8l (Building-integrated photovoltaics), 73 A} % &F
(Shadow effect), €] &F $] 2] (Sun position)
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A Study on a Leading Model for Energy Self-sufficient Villages in
Gyeonam Province for Carbon Neutrality

S|* * %k *xx T
Agg, AT, sy

Suhwan Kim*, Seonggu Shin**, Jongsung Park**
T vl ST s At A, A st o | x| 5ttt

Abstract : 7 F-o| A= 7] S SER QI%E U vl S Haehstal, S AARS] o] MY Sle ddoRA
713917 &2 93, 20179 A Aol #] 3020 o] F A E)°, 2021 NDC AH3F, 2050 &HA2FH 5
of wheh AN A AL W] T AF 2= Aot Adee A5 APl A 2
off F&FstaLAE, 20201 A6AF A A Aol | A A 1, 20201 YU A Hg H3E A A B
AT A A v S5 Sst At & AT A=, o kS FF AN Sx AHE S
s A sfof & A YA A A DB (B S, vie] 27k Ald)e A B Bk AhE
5 Ee AL FAF div] 24 7R A ES A E dSche ot Bds A A8t
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Key Words : Energy self-sufficient village(o]] U X] X} ] 1}--), carbon neutrality(g 4~ 5 3), PV system(E}] &F 3 A] A )
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Prediction Modeling of Photovoltaic Power Generation Using Solar
Imadiance and Numerical Weather Predictions

O[MISH*, SEI™, 2z g™ Adar, Zgs™

*T

Jehyun Lee*, Chang—Yeol Yun**', Myeongchan Oh** Boyoung Kim**

Hyun—Goo Kim** Yong—Heack Kang**
ol J A 7| e At A4t AtAl, #HEg o U | 7] At A A A A A

Abstract : 2 A -of A= 2021 4 H-E 12°J77W ONdzte] giol 8 & A3l B g TR

o O fs

Z Al Y B st o 4xbE] 33 H 48417 = A] o] H(NWP) G| o] E] 1052} el oF

[e]

&5 % GHI, DNI, DHI 5 4ALF dlo|H & & 53 o & A2 AFE-sFaleh =3 € HlolH 9

AF B3 o] 42ZF5}o] under samplingS Z3 Ig a2t = A|EE 3P o, elastic net}

xgboost random forest 5 o] 2] £ 59 A L ED A S 83 E+F D &G FAES IdE 4

sl 2 FH 072 459 Egf mdlS GFEDH Jé A © ZHMAE) 7] 39.7 (R2 = 0.88)= =
wslg ot SHEoR ofzh 5 WA 0 Rito]

7}

off

< e 2

A HE doly edd L2 A3 B Alud 24
(RMSE) 7| L. 2= 8342 tha w7 H7FE U & A5 o Al&ehar Jest e Fg T
dZol 71942 4= A& A2 7| drh.

Key Words : E}] %F33 2% (Photovoltaics), <= 2] o] 2 (Numerical Weather Prediction), ™ 41 2] \J (Machine Learning), %}
A+& &9 2] (Ensemble Modeling)
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A Study on Early Detection of Abnormalities in Energy Storage
Systems through Measurement of Internal Impedance of Batteries

* *T
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Abstract : 25 5.0 A4 U A G0 2 Qlsf PV oA ESS] A7k Z7kaka giek. shA g
ESSoll ] -] 307} sk, 1 5 PVS) Q1A AL aof 4 vt 3132 Aghg Essac} B

© ShA) AFTZH A EE T Sheh. ShA) ARTLE o e | (ESS)S] R, A e W E A (PCS) A, el Y
A\(BMS, PMS)S] 3 5 Chabet BAA S0l BT AUk - Rol Ak ezl Al wel e
QA E g 20 o AT Aol dAIstel SIS WASHAL, A A o] F8E 4 gl

wrobS A Algtek v g] A yjRo] u e A Zrhel Mgl ME) 32 o) wAlsts A &A1)
ol e o] FAn Aol & dFS vl 2 aR uiE e o] g/ S, A sk Ao
& oAU A A e =3 ol YA &85 WStE S5t e R dud s ASo e
Stk uhabA] U7 %Mtd/\—% Z48t7] 91l ESS W) AS HES AZksl AA wiE e

of 283t 7 v 2] A 7 AgS SA AT

Key Words : ESS(Energy storage system), PCS(Power conversion system), BMS(Battery management system), PMS
(Power management system), Hl €] 2] Al U] 5 & 1] & 2 (The internal impedance of a battery cell)
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The Study of Relationship Between Water Permeability and Cycle

Performance of Rechargeable Seawater Battery with Metal-polymer
Laminate Sealing Technology

=k
USE*, syu
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Dongjun Kim*, Jeong—Sun Park*'
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Abstract : 3|0 XA A L S kT 0 2 AFL-FFE= XA o] ZF A R 2, F 0] R3S U EF o]
&2 7 stel 2 /AR A A o HA

ol 4 =2 YA EE 2t dlgol A o A

= A S Hfﬂiﬂoé EHESAHLR YA JA3E A% oA FHEFL 4 &
aqgol 7HHPH°*E¥ =5 Z3ots ol A A o A EREL 7] A A S 2 ol= S57
7hall o] R o =R EE & ojof o}EE oaH ol ur AP 7| &o] o]t} o] = 9 2
&2 2Z; 7|9Ee] ghujyo] | AF 7] sS g e 2 A S F o] AA o] ghoLy, ofof thek i
T o Al A5 3He] Ak A of gt OﬂﬁLt S a7k gloh 2 Aol A= rldlol g A
7l = 7INheR Jh djpol A Al Zhg A SUE ] e FakEo] disf Ao s SR,
= Tﬂrioﬂ w2 ol A 7] AefH o] Aot H=E SART Yobrh R FREo &
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Key Words : 3f| 5= 0] X} 4 X] (Rechargeable seawater batteries), 7] %3] 2 (Organic electrolyte), &<~ B2} & 3

&5

ofN

(metal-polymer lamination), 4= 5 I} &= (Water permeability), <= (Cycle life)
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Analysis of Properties in Carbon Nanowalls with Noble Metal
Nanoparticles Spreaded

A-AT AZOT AFE AHET Azt UM
Chulsoo Kim*, Kangmin Kim*, Kyuri Shin** Junghyun Kim**,
Doyoung Kim*** Wonseok Choi*'
sagahgela A7) g oka, HRYRhE IS A e, s g ATt oL A7) AR B ek
Abstract : §F A1} (Carbon nanowall; CNW)-2 BHA 7| RE Ule 54 Fof A gh-g-32H & o] 714 3
Wt 2 W A7) AEA S 2 Zus B0l oh B oA ONWe| $8-8 93 A
& YAzt 2AME CNWO| 54 #4353t CNWS W& (Chy) T} =2(H) o] 37k 9}
microwave plasma enhanced chemical vapor deposition (MPECVD)S A-8-31o] &S 20, 200 W]
Dz Aol q Fehant 42 S Fo) EWE ADshArh o] Ag @ P A R A 7
A5 2] & F5ho] CNWol SHHA AT 7134 Lhe g 27k SH4bEl CNWe) AL 48 2 72 24
Z}Z} field emission scanning electron microscopy (FE-SEM), energy dispersive spectroscopy (EDS), Raman-5-
FHe ol Ao & 24 AAUE Agsto] 4714 S4B o] et A7

CNWo] 2-8-& 913t Lheqla} 84 S Al gt 24 97 382 AR 4 go] shsale.

Key Words : 7| &< U= 9] &} (Noble metal nanoparticles), g4~ 1= (Carbon nanowall), -4} (Spreaded), Microwave
plasma enhanced chemical vapor deposition
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Properties Analysis of Carbon Nanofiber Spun to Carbon Nanowall

Electrode
2o, YL ABY*, 2

*

Kangmin Kim*, Chulsoo Kim*, Hyunil Kang*, Wonseok Choi*"
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Abstract @ 1 Lo A= 2l F o] vl E 2] 9] =0l B-&-517] 98l A 7| WAL 2} nho] A= 9 o]
H plasma enhanced chemical vapor deposition (PECVD) A| A"l 18] 11 G4 & 53 &A= dH
(Carbon naofibers; CNFs)/Et 4~} - (Carbon nanowall; CNW) L2 0] A28 E3 A& A 25} Th.
CNWL blo] 2 & ¢JJo] B PECVDE w| et (CH) T =2 (Hy) §FS-7FA S AR5 o 314 6141t} CNFE
A 257 A Yled -2 ®BHAF 8982 Polyacrylonitrile (PAN), N-Methyl-2-Pyrrolidinone (NMP), Methyl
Ethyl Ketone (MEK), N,N-Dimethyl Formamide (NMP)&] Al 2 & W Wta}o] vFA 7} 325HE 8-S A
%5191k o] % G4 E CNW 910] 7] A1/ & ALg-5ho] TukEl SR §o18 BARA A L 4]
FE A xSt ks, ©3F 32 A X ONFE Al 28k qloh ot e A& A4 9 A H &
E,Lﬂgﬂ ol ¥ 9 o A & i‘rol 3} 7] £]5} 9] field emission scanning electron microscope (FE-SEM)
S ARSI, 22 EAS Yol E 7] 93 Raman £33 7] & AFE-5} %1 th. 71 2] 31 Hall measurement
$42 59 1714 S48 SHIshach ONWS) S99l ¥ 2 E 22 lstel ol 4 A 3
¢l 2lF ol viE 2 o] Aol AFEE S W #E g F o] AR o] F=E 7o 4%t &
A

Key Words : B2 1= (Carbon nanowall), Bt 4~ L} 1= /4 -6~ (Carbon nanofiber), 2= A (Anode materials), % 7] ¥} A}
(Electrospinning)
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Comparison of Charge and Discharge Performance according to
Spacer Effective Area of Blue-battery Electrode

ORI, MEA* QS A ¥ S adesx 71517+
Chaeyeon Lee*, Bosuk Seo*, Dong—Gun Lee*****,
Gyou Cheol Hwang**** Hanki Kim***'
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Abstract : A F= 2030 7HA] =Y SFA A 72 9] AR ‘02 B 73 ‘BFA ¢l A (Carbon Free Island)
CF12030°S 341 20|}, |7 Al A Ao 2| 910 2 w1 4u] A8 S 100% o) S-517] 9ako] A7)
Aol Y 2] Au]GFS A &sto] F7EAIZ 21, 20224 7] & AlF L Al A A of| J A B]F-2 A ol
2] 9] 18.3%= XH- 192 AT EHA o A 71 dhE a1 ok &g A o] = A A A
AYAEFo] 7S Hol A A 0} HgAle] EE o AR TS Sdvhs 2T AlFolA
2015 AL 2FAYSE A Ao 1 A A o] = 20224 7|2 & 1328 7 A5 21, 2034 7] E A
T EYAo] 22 += AT 32639], (:*E“l* 51009 o & 01]’*51"% A Ao & dHstr] Y ot
&t & AN A A2 7F A E AL QU 1? 0}‘%‘3 = 7|8 A9 7] EEHA = £9] &
Frjg e etal fan, AT A e W dES FANE D SHANA = Esto] Aol
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Ao A -3 e LA LG E}.
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Key Words : of ] X] % %%} 2] (Energy storage system), < 2] A| ©] (curtailment), T -8-%F(Large capacity), 3}|<=(Sea water)
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Comparison of Charge and Discharge Performance according to Flow
Rate in Blue-battery unit Cell

Bosuk Seo*, Chaeyeon Lee*, Dong—Gun Lee*****

Gyou Cheol Hwang****, Hanki Kim***'
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Measuring Technology for Pre-detecting Anomaly Signs of Thermal
Runaway in Lithium-ion Batteries
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Design and Synthesis of Ti-peroxo/phosphorus Heterostructures for
Enhanced Photocatalyic Hydrogen Evolution

HLbsi* ) o|xHE
Rak Hyun Jeong*, Jae Hyung Lee**'
AR A e ot

Abstract : For the heterojunction composite photocatalyst, the contact interface is the key to charge carrier
separation conditions. In order to present novel research through the interaction between these interfaces, the
Ti-based peroxo complex (TP)/red phosphorus (RP) composite system was introduced and designed to improve
carrier separation and transport properties during photocatalytic hydrogen evolution. In this study, we have
successfully synthesized TP/RP by facile solution process through stirring at room temperature and pressure.
Regarding the specific surface area, which is one of the important factors in the photocatalytic activity, it was
confirmed that the specific surface area of the TP (166.4 m*/g) and TP/RP (281.4 m%/g) samples was dramatically
improved as the particle surface was oxidized based on TiH, (0.613 m%/g), the precursor. And the photo-induced
charge carrier life time of the TP/RP was extended by approximately 60% compared to the conventional TP.
Finally, excellent research results were obtained in which the photocatalytic hydrogen evolution efficiency
(17.05 mmol/h) under visible-light irradiation (200 W Xenon lamp) was improved by about 3 times than that of
the conventional TP sample (5.26 mmol/h).

Key Words : £ AFSk(Surface oxidation), ©]F % 234 (Heterostructure composite), 7}A]3% 3= ulj(Visible-
light photocatalyst), =4~ A 4 (Hydrogen evolution)
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Evaluation of Progressive Failure Characteristics of Type 4 Atypical
Conformal Hydrogen Pressure Vessel

xdtg%* 7:!@'6—.4*** _,—Ela.%** %}7'%***1‘
Byung—Wook Jeon*, Jang—Hyuk Kim*** Chan—Woong Choi**, Ki-Weon Kang***'
ot st B R AL, B () A s AT e, A g 7] Alg- skt

Abstract : Recently, the world is facing the risk of environmental pollution and energy crisis, so various new
and renewable energies such as hydrogen energy, solar thermal energy, hydro energy, and wind energy have
been developed. In particular, hydrogen energy is being replaced by energy in various fields due to advantages
such as high energy efficiency, eco-friendliness, and reproducibility. In order to use hydrogen energy, in the
automobile industry, research and development for a hydrogen composite pressure vessel in the form of a
cylinder that can store hydrogen energy for commercial vehicles and passenger vehicles is in progress.
However, there is a limitation in space utilization due to conventional hydrogen pressure vessel to a passenger
car with space limitations. For this, researches on hydrogen composite pressure vessel, a new structure that can
efficiently use space, have been conducted. This atypical conformal hydrogen composite pressure vessel is a
major component that must withstand high pressure, but an internal damage or crack propagation occurs due to
the cycle of charging and dis-charging during its life cycle. However, there is few researches on an atypical
conformal hydrogen composite pressure vessels. In this paper, progressive failure was performed on the atypical
hydrogen composite pressure vessel using the Puck’s theoretical failure criterion. First, finite element analysis
was performed on the Type 4 atypical conformal hydrogen composite pressure vessel with the working pressure
of 70MPa using the commercial software, ABAQUS. The maximum pressure of 160MPa was applied to the
inside of the atypical conformal hydrogen composite pressure vessel in consideration of safety margin. Through
this, structural safety evaluation of the atypical conformal hydrogen composite pressure vessel was performed,
and the location of initial failure was identified based on the failure criterion Puck’s theory. In addition, the
tendency of failure was analyzed by performing progressive failure analysis in which damage increases.

Key Words : B A& E3H7] 4=4¢2] 87| (Atypical conformal hydrogen composite pressure), ZHE 9} ™
), % =

H =
(Filament winding), & 21 4] 1} £ 3} A (Progressive failure analysis), ¥ ©] 2 (Puck theory),
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