tyiary 2025F E72EICHAMEZ ST EMBER

| Bty av(OEES |16 FRE - BER 163U IVRAREN |

88 202543816 (H) 13:30 ~ 17:15 Il K308 (EH %)
[16p-K308-1~14] 16.3 > ) AV R ABEM

ITE BA(ERH). AHF KOIHERX)

13:30 ~ 13:45
[16p-K308-1]
HiEFZ#AVWSWMERS ) OVABEHES 23— I)LICB T 3ERAGER FRESEICL 3 F 8N
LEZHER (1)

OFEe 1B, BE XE'. B BA. AT EN2(.IEEAT. 2.4tkELEK)

OEHETVN)—

13:45 ~ 14:00

[16p-K308-2]

RUB—ARRZ— bR—=IADHIEMZRAVGWVERSAKBEMED 2 —ILICN T IERERBE
AU IIEEHBRORE

Owl ', =k X', M| BHE2 ME BT B8 BB A B3 B FBEYL KR LR

AE EN°, BB MRS, EBAEFECIIERT. 287t 5. 3.4FVE. 4FLFERAFE. 5.4bE%

HmAR. 6.FBRKO—AR>EVE—)

14:00 ~ 14:15
[16p-K308-3]

HEEBEETRB LIEHIEME AN—HS A2 FER LBAWVERSIAKBEMES 2 —IILANDEESE
Gk

OM2)KE @1, /Il BE2, B B2 Huynh Thi Cam Tul. AE =N (1.3bRESEIE A, 2.0t

Z)

14:15 ~ 14:30

[16p-K308-4]

BRI IAVABENZAVWZILXTILED 32— IILOIERSLEHE-Z D2
Ot BA'. B=E BE. WE mAT (.ELH

© HEHRR

14:30 ~ 14:45

[16p-K308-5]

Preparation of Honeycomb-Structured Light-Weight Photovoltaic Module with High
Conversion Efficiency and Strength

O(DC)Taiyufei Liu?, Michio Kondo'2, Hiroyuki Wada' (1.Science Tokyo, 2.Waseda Univ.)

14:45 ~ 15:00

[16p-K308-6]
BRANZHALZRAWEKBEMNED 12— )L OER 51
Of%E R, i E" 2, B B2 (BERME. 2.8X)

15:00 ~ 15:15
[16p-K308-7]

NZH LEEMHROBRAEAM ZFA LICKGAREETD 1 — LOER OB ER T
Ot M. gk B2, MA B2 (1. HEAYE. 2.82X)

15:30 ~ 15:45

© 2025 JSAP



tyiary 2025F E72EICHAMEZ ST EMBER

[16p-K308-8]
EEREHERICEVWTEANRE SNICENRERSIRABZEDEY 2 —ILOERAERRDOFRX
H#R(V)

OFE #B\ k3BT . & HhE. UE R &HF #Mz BE F3(1.ELH. 2.8FHH. 3.58
X)

15:45 ~ 16:00

[16p-K308-9]

PR TISERMER LI-ABREMBES 2 —ILFDPVBHE IEHMD LB X H = X LDF&RET
OM1)RiE —BE". £ X', Mohammed Dahesh?3, Mohammed Al-Matwakel3. Marwan

Dhamrin®, #%#& f12=1°, #HA Z1° (1.F8ARBES. 2.YSMO. 3.Sana'a Univ.. 4. KBRABRI. 5.5
JBAIRCNT)

16:00 ~ 16:15
[16p-K308-10]

FEMBE AV BCRAKXBEM I BOERNRERDEES EDRFHE
OAF &' WA H#HK'. £x 5L (1. IIMEAET)

© LEHRR

16:15 ~ 16:30

[16p-K308-11]

Potential-induced degradation of n-type front-emitter crystalline silicon photovoltaic
modules with various encapsulants and cover materials

O(M2)Nguyen TranTrung Duc, Keisuke Ohdaira

16:30 ~ 16:45

[16p-K308-12]

BRIV KREEZEER THEIHELCABEMES 2L v NIBEFRESL
=35

OXA f8'. &= igfA'. A #F'. Marwan Dhamrin?, AF £M3. %8 MRV #BEZF" (.58
RBEAR. 2.KRA. 3.4LfEKIHA. 4.5 RAIRCNT)

© LEHRR

16:45 ~ 17:00

[16p-K308-13]

White Building-Integrated Photovoltaics by Micron Textured Structure

O(D)Disong Zhao', Kaito Shishido!, Michio Kondo'2, Hiroyuki Wada' (1.Science Tokyo.,
2.Waseda Univ.)

17:00 ~17:15

[16p-K308-14]

BM— B ARSI REBIPVICEIT LELTF 2 > F / HiF % B UV B ELITE R O 4514 5T
Otk k&', o# &X' BB E#2 A 82 1.R2AME. 2.82X)

© 2025 JSAP



16p-K308-1 B72ESAMIEL A BT LIHAS WETHE (2025 RAENAS BEF v/ SR&FYTAY)

HIEHZAWGWERIYIVKBELEDS 12— ILIZEITS
ERMCBRTFREBICESREIMLERE (1)
The operating temperature suppression effect by high thermal conductivity
particle composite layer on crystal silicon solar cell module without encapsulant (IT)
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Influence of damp-heat and thermal cycling sequential test on reliability for
unencapsulated crystalline Si photovoltaic modules with polycarbonate base
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Damp heat test on crystalline Si photovoltaic modules without encapsulation and cover

glass with modified edge structures
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Degradation analysis of flexible module with crystalline silicon solar cell
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Preparation of Honeycomb-Structured Light-Weight Photovoltaic Module
with High Conversion Efficiency and Strength

Science Tokyo ', Waseda Univ.? °(DC)Taiyufei Liu', Michio Kondo' 2, Hiroyuki Wada'
E-mail: liu.t.ddfb@m.isct.ac.jp

Building integrated photovoltaic (BIPV)!!l, the new concept in which the PV modules were designed
to be placed around the building has been widely promoted in recent years. Unfortunately, the insufficient
supporting weight of the building, the transportation and installation costs, and the energy efficiency restrict
the application in the construction field. This research aims to address these limitations by designing a
lightweight, energy-efficient, and structurally robust honeycomb-structured BIPV system that could expand
its range of applications in construction and contribute to sustainable energy goals. Our results demonstrate
that the new design significantly reduces the weight of the module while maintaining structural integrity,
which made the panel lighter and portable.

Through both mathematical simulations and experimental testing, we assessed the electrical and
mechanical properties of the proposed honeycomb-structured BIPV module. The mathematical results point
out that the ratio between height and width of honeycomb is an important factor that will depend on the
short-circuit current density Jsc. The conversion efficiency of conventional PV modules and honeycomb

PV modules were measured based on solar simulator.

—d— Simulation
—&— Experiment

Although the conversion efficiency of PV 100+

modules at incident angle larger than 20° is affected a0

by honeycomb structure, the experimental results have
. . . . 60
better efficiency than mathematical simulation was

demonstrated in Figure 1. This improvement is 40

Efficiency ratio (%)

attributed to the transmittance and reflective ,,.| Efficiency ratio (%) =
. . fl b PV modul
properties of paper used in the module. Future work fsc ot honeycom> PV modules

Jscof plane PV modules

0 T T T T T
0 20 40 60 80

will focus on strength simulations and long-term
reliability tests to ensure its durability, aiming to Incident angle ()

. ) ) Figure 1 Jsc comparison between
promote sustainability and higher performance in the

industry. simulation and experiment.
Acknowledgement: This work was financially supported by New Energy and Industrial Technology
Development Organization (NEDO) under the Ministry of Economic, Trade, and Industries (METT).
References:

[1] Ballif, C., Perret-Aebi, LE., Lufkin, S. et al. Integrated thinking for photovoltaics in buildings. Nat
Energy 3, 438-442 (2018).

© 2025%F [CRAYEER 13-034 16.3



16p-K308-6

BHAN_HLZRAV-KEBEHNE A

— LD YESL & 5EAh

Making and evaluating solar cell modules with transparent honeycomb
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Figure 1. Schematic of honeycomb panel.
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Preparation and thermal property evaluation of photovoltaic module using honeycomb
structural material and latent heat storage material
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Zo ZORREY . PCM OFIHIZ L > TREGEME /L OFRLZMEITE D 2 EBAP LN E
AoVl

ARRRRNE, ESZATERAFRIE N EEZERMTH AW JEFT(AIST)DFE ARD >R, B LT, Hr—
KL X — - PEEERAITA A PR (NEDO) D Rt TR LN TH 5,
1) BRELE, KB REORBERET A N A >, &5 24, pll.
2) Lina M. Shaker et al., Examining the infuence of thermal efects on solar cells: a comprehensive

review, Sustainable Energy Research (2024).
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Annual Trends of Indoor Output Measurement Results of High-Efficiency Crystalline
Silicon Photovoltaic Modules Exposed Outdoors in Tosu City (IV)
ER, BHEH2 HBX® TE KRB, R BT, E /G, BE R
B3 Mz #HE FS
AIST!, CRIEPI?, Niigata Univ.3, °Yasuo Chiba!, Ritsuko Sato', Sungwoo Choi', Minoru Akitomi',
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Fex i, FERMILINE & — (BT D RIMEE D A MR E Lo B FERGEME Y 2 — /L0
BB ZIM L TWD, ZHET, BRE I/ 4 O PERC £ =2 —/L(W-1C, W-1D, M-
3E, M-3F) T R TIZHBW T, IREMHI O F[1]5°, LETIDRIIZEN T 5 B DRI T A3 7Ri2
SN LaWt L TE[3-5], Al @ik Si RARGEME D = — /T L, 2024 4 12
HECTOBRANRTHEROERERZ L LO-OTHRET S, BAAEIE, V—F—3Ial—H
(BIERG A b a =2 ZA4E8L PVS1222i-L) % AW T, AEHERRBR S (1 kW/m2, AM1.5G, 25°C)CH|
iE L7z, Figure 1 1%, RERTOYHE CHAEE{L L7z PERC E ¥ = — L O BN HIER RCEHIE) O
FERHER 2R LTS, BINEIENS 2023 4 1 HLIEIZ, M-3E & M-3F @ PERC £ = —/L(C
BN A 7o, BT, S AWET 5,

1.02 3 , ; T ; T 1 T
s | | | | | PERC W-1C Ave.
= || A PERC W-1D Ave.| {
2 1 5 ‘ || ® PERC M-3E Ave.
Q100 A a~ A PERC M-3F Ave. | ]
T | | ‘ | ‘ |
IS f : :
= A 3 3 % 1 3
\;/0.98 - Ay ! N : é ‘ 5
3 ‘ H A T y A
g | AARED TA
o - @ CmS ‘
$ 096 | | % | |
2 | . =%
? | i | ‘ " \
g e
= : ‘ : : ‘ :
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Figure 1. Summary of annual trends of PERC PV modules installed in our outdoor site.

(FFE] AWFTEE, oL — « EELITREPREMENEDO)DRFEIZ L V1T -7,

(B 3Cik] [1] T 485, 5 68 [ MBS BRI FINEHE, 2021, 18p-Z29-9. [2] E. Fokuhl
et al., EPJ Photovoltaics 12, 9 (2021). [3] T3 AR, 55 69 [N A PSR FTRIHE, 2022,
26a-F408-3. [4] THE AR5k, 5 70 FISH B P E T NGRS, 2023, 17p-A403-5. [5] Y. Chiba
et al., Jpn. J. Appl. Phys. 62, SK1036 (2023).
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Degradation Mechanism of PVB Encapsulant in PV Modules Used Outdoors in the
Middle East for 38 Years
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KIGEME Y 2 — /DL D E LM I, MBARESESNNEIRATIC L VAT D, ZOMAI
F0 . KEGEMA~O AT EAMEET 2 Z & T, KGEMOBERERIMET T2, ARHFIETHT
L7 KIGBEHE Y 2 —/E, FEROA = A L ORIREIZBW T IS FRFEHLIZLDOTHY | 17
& 5E Y 2 — /L OFAEEITH RIET 17.59%IK T L72[1], ZOKRKBEEME D 2 — /L a2 R L,
LM E L TEDNTWDRY B =T F T — L (PVB) ZALFAZ /oM L T KB E M O PEREIK T
DJFIK & 72D PVB OEEDIRK 235 Z L 2RO BRI E T 5,

BOMNREE SN KBGEMTE Y = — VA E T v #— Tl L, PVB 2BV L7, Fig. 1
AT KD ICKBEERM DA L > T PVB Z @il 3 2 KL ES, PVB ODIREN R D, ABFZET
1%, KBSyEME Y 2 — L OEAIZ L - T PVB OH(LDOFEEIENNH D DERFET 572901,
BEAORMEEM, HITEALERLVOMIZSH D PVB Ot 3 OV 7 VAR LT, BV
L7z PVB TR BR A A o 7o 0 WO R OB R 4. BRARS 7 — Y =Rtk (FTIR-
ATR) T XV 53 FORE 2 ]IE LTz,

Fig. 2 {213 PVB # 7 /L ® FTIR-ATR A7 b L&t AN NS HE020 PVB 1%, &
JVEAID PVB & Fhig LT 3400 em™! 13T O /KEEHL 3R [2]D B — 7 FREE 3 F5 < | W12 1730 em™ D=
AT IAEBHER])D B — 7 BRENEN T2, T END, AT L Y PVB ORFEEKICE =

NDKRBEIED AN G L T AT IREB ZR LIZO TIERW N EZEZ b D,
[1] M. Dahesh et al., IEEE J. Photovoltaics 15, 137 (2025).

[2] B. Weller et al., Challenging Glass 2. Conf. Proc., 2010. 100
(=)
Sun light Sun light § 80
< . i
Cover glass § 60 OH-group ‘i‘ 1 -
g - Spaces between cells
o= Front side of cell
. & 40 — Back side of cell Ester-group
etween cells ; M B IR AR AT ETErArar A
PVB under the back side of cell 4000 3500 3000 2500 2000 1500 1000
-1
Back sheet Wavenumber (cm )
Fig. 1. Cross-sectional schematic of a PV module. Fig. 2. FTIR-ATR spectra of PVB samples.
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Development of a repair method for electrical connections
between BC silicon PV cells using induction heating
UGIEXREL L OAf &K1 EX BE! £x 88!
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KB 6% % (Photovoltaics, PV)IZEAEZIEL TWA— T, FEEIND PV Y 2—1IH
80 7 b UMEIET D AMREMSHE L S TR Y . T a X FOEIMAKRE SN D, AT
FBEFREIND PV EY 22— AL T 72D, AT Lz PV Y 2 —/L & IR - FEEEL)D
F YA MTTER A X FTEET 2 BT DBITE 217 - 72, AWFZETHE L TV S lfEE— Fi& PV
B OEBL[IBRBHICARBEENE T2 b O T, 2 Z 7558 ME(Induction heating, IH)IZ X v &18
kAT, THETIT, PV BV OERA a8~ B 2B U 72 3B A T OB Bl O BRI 135k
BH2ZNRHDL L OO, EEICHIL LT PV EY 2— L E AW RIIERSN T 2Tz, 22
TARWFZETIE, 2 ES|DO/Ny 7 2% 27 (Back contact, BC)F!S U =2 PV £ 2 — /L A{ERIL |
MBERERBRIC LV BV HOBR R AR A5 S Z L2 BCH PV £V 2 — LA ¥ L, %
Nz IHIZ K » TEE FTRENMREE L 72, IH E@E (21 Z(WTS100-S-DP, L= =7 U > 7, 3.5kW,
900kHz fEAR)ZfEH L., PV B AMOESHREHOFMIZIZZ L7 frArIRxy X
(Electroluminescence: EL){% & @ jii-FE L RIS L 2 EFHRFLO R 3 2 Hvi-,

Y E1E ) N BAVARS 2 G PR 1T T S N I 0 N 28 () 1B

7
SER BT Tl BB (EFF)21.2%, EFHEHI(Rs) ] (1) Ref. Eff. 21.2%, Rs 4.26 (Qcm?)
426 Qcm? Tholz PV £V 22— LOMREDNN ()% _ N
54 (2)Without!H repairing
LIEEBP (213 EFf. 19.2%, Rs 180 Qem? ETIE o | £4.100%
F Lo ZHAE)IH I LA EHEICITER 200%, 5| Rs180(Qcm?)
Rs163 Qom? & CH#T 5 = L AHER L7, ELEE 3 2} () With IH repairing
T BRI ) BRI BRI, ] EfR20.0%
. Rs 16.3 (Qcm?
TR DA VB S, C o |, e (em) ,
H 1ok B icdaiT s na bk, h oo o P8
Voltage (V)
SORR LD (IHIZL Y BC BILVHOEXINZE  Fig. 1-V characteristics of the (1) reference BC Si
fe R RAMEIE CT& 2 WREMEA /R STz, PV module, (2) before and (3) after repairing
HIEE  ABFZEIL ISPS BHIFE 24K20952 DB %321 72 D T,
L ED N

1) KBEEFHBREO VYA 7 VEOHEIZmT =T A KT A 2, pl2, BEEA, 2016 43 A
2) Y. Kawano et al., Sol. Energy 261, 55 (2023).
3) D.Pyschetal., Sol. Energy Mater. Sol. Cells 91, 1698 (2007).
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Potential-induced degradation of n-type front-emitter crystalline silicon photovoltaic

modules with various encapsulants and cover materials
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[Introduction] Potential-induced degradation (PID) phenomenon can significantly impact the

performance and lifetime of photovoltaic (PV) modules.? PID is the performance degradation of PV modules
caused by an electrical potential difference between an Al frame and the cells. In the case of n-type crystalline
silicon (c-Si) PV modules, PID occurs under a negative bias through the accumulation of positive fixed

charges in a front silicon nitride (SiN,) layer, known as polarization-type PID (PID-p), and is characterized
by simultaneous reductions in the short-circuit current density (Js) and the open-circuit voltage (Voc).” For
more diverse applications and higher material recyclability of PV modules, the PID of ¢-Si PV modules with

various encapsulants and cover materials should be investigated. We have thus far investigated the PID of p-
type ¢-Si PV modules with various module materials.® In this study, we performed the PID test of n-type c-
Si PV modules using polycarbonate (PC) as cover material and polyvinyl butyral (PVB) as the encapsulation

layer as well as conventional cover glass and ethylene-vinyl acetate copolymer (EVA).
[Methodology] Figure 1 shows the schematic structure of c¢-Si PV

modules used in this study. We prepared n-type front-emitter c-Si solar cells
from the commercial cells cleaved into 20x20 mm?. We used two types of
encapsulant : EVA and PVB, and two types of cover material : glass and [ Encapsulant EVA or PVB

PC with a size of 45x45 mm?. The modules were formed by using a module m
laminator. The modules then received PID test by applying —1000 V to
shorted module interconnector ribbons with respect to an Al plate placed
on the cover glass of the modules in a chamber maintained at 85 °C with
no humidity stress (<2%RH) for up to 120 s. Current density—voltage (J—

Cover Glass or PC

Encapsulant EVA or PVB
Back-sheet

Figure 1. Schematic of the
module structure.

J) measurements were conducted in the dark and under 1-sun-illumination
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PID-stress duration (s)

for the PV modules before and after the each PID tests.

[Results] Figure 2 shows the PID-stress duration dependence
of Jse/Jseo and Voo Voco, where the subscript 0 indicates the initial
value. The modules using EVA or PVB with cover glass shows
decreases in Vo and Jsc and their successive saturations. This is a
typical behavior of the PID of n-type c-Si PV modules. In contrast,
the modules with PC cover shows almost no decrease in V. This
clearly indicates that the use of PC as the cover of the PV modules
can mitigate the PID-p of c-Si PV modules. Further experiments
will be conducted to clarify to determine the duration for the
saturation of the PID of the PV modules with PC cover.

[Acknowledgement] This work was supported by NEDO.
PVB encapsulant was provided by Kyocera Corporation.
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Figure 2. PID-stress duration dependence of
Jse/Jsco and Voo Voco of 4 types of modules.
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Shunting-type potential-induced degradation behavior of photovoltaic modules with
crystalline silicon cell surfaces partially covered with a conductive layer
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vy v MR L%k (shunting-type potential-induced degradation: PID-s)3i 5 Tld, H/3—
H T AL VIV ERICRET DERLE VD AP IEREARCICEINN S 4 5 ER [N X
D, DNR—=HFZAFD NaA AL NEANERHOTI v X EE CTRELEANITRAL, Bk
REAME T2, ZHETIC, ARC REZHEE TREMKET 52 & T ARC NTOERDIE
A%PE, PID-s 72 2MIETE 2 2 ERME SN TWAD[2], AFFETIL, HEE ARC &
ERATHINCHEE L TV D558 @D PID-s DZEEZHET 5720, Ag 7T/ VA ¥(Ag NW) % fihn Si
EARBICAE a2 — L7 KBGEME 2 = — /W% LT PID 3Bk 92k L 7=,

B LFREIC AgNW @ IPA BR¥E7%(0.5 wt %)% 100 L i F L. [A]#5H % 200~1000 rpm TA &
va—hL7EBIZ, 90°CT NOs7=—n 1Lz, ZRoDEALEZHNVTHERLIZEY 2—L
&L Ag NW %5 E 720 Control &Y = — /L2 W T, 65°CORBRFEN T p, n MR 2 8% L
7o TR L C-1000 V ZEIINS % Z & ¢ 240 h @ PID ikBR & F20E L 7=,

Fig. 1\ HIHARHE B I (Jsc) & PID #kBR 1% D LMD FE(PCE) DK T2~ 3, Fig. 1 225,
W e D/ NEWNWE Y 20— D 573 PID-s D3EH, 1.0

2L % PCE DIETRDWMEANCSH D Z & 23 ) B
. . Q=
Db, F£12. U1 I 28 26.9 mMA/IcM? DE Y = nc- . *
| | Control
— /L% PID 385 240 h T b HEAEIR T 2 R &3, < O oo
) m
PID-s DFHR 24 IE S i, o 041 g S
8 1000 rpm
2O ED ARC Rl IZHERE <72 Ag NW goz 5
o 0.2 B
A B TE D ERAFEET ST, P x
Ag NW SEEREN =Koy U —7 i 2 oo, ¢, 4 1
. 26 28 30 32 34 36 38 40
L CERLER L Na A A DEAL~DEFEANE Initial J«(mA/cm’)
PIEFRE T D 2 L VIR ST, Fig. 1. PCE decreas_e ra_ti(_) _after 240 h of
[1] S. Jonai et al., Proc. 46th IEEE PVSC, 2019, p. 1969. PID test against initial Js.

[2] 3N KOTFFfl, RFEFEE 7158024 5. 2022.
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Building-integrated photovoltaics (BIPV) are solar panels integrated into building facades, serving a dual
purpose of generating renewable energy and enhancing aesthetic appeal.[1] Conventional solar cells,
typically dark color, are often considered unaesthetic for architectural applications. To address this,
white-colored BIPV have been developed. However, achieving a white appearance reduces light
transmission and decreased conversion efficiency, as light is reflected rather than absorbed. Existing
methods, such as adding optical films or mineral materials, can produce a whiter color but significantly
reduce conversion efficiency.[2] Sandblasting the glass surface creates a textured layer that scatters incident
light. By adjusting the grain size of the sand, textured glass with varying surface roughness can be
fabricated.[3] Textured structure alters the angle of incident light, increasing the light path length within the
solar cells. This study aims to use textured glass to achieve a white BIPV appearance while maintaining
high conversion efficiency.

Sem X 5cm X 1 mm textured glass sheets were

0 1 | | |
) prepared by sandblasting different size of sand grids.
2 \
A b Roughness (RMS) was assessed by Dektak analysis.
haa \
5 /‘\ Luminosity (L*) and chroma (C*) values evaluated
or D\
= 8 ‘9@»\ the brightness of the PV modules. Short circuit
< ©r 3
Y % .
E’]m Pyl ‘96%\\ current density loss (AJsc) evaluated the solar cell
RN
12 b ¢ N conversion efficiency under AM 1.5G illumination.
. \
4l texture side \ Figure 1 depicts the relationship between L* and
plane side \el
16 AJsc. Means larger surface roughness makes larger
0 10 20 30 40 50

L*
Additionally, when light incidents at the textured

Figure 1. Relationship between L* and AJsc. surface, PV module can achieve 45 luminosity while
maintaining a conversion efficiency exceeding 90%.
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supported by New Energy and Industrial Technology Development Organization (NEDO), Japan.
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Evaluation of Optical Properties of Scatterer Thin Films with TiO2 Nanoparticles for
Building Integrated Photovoltaics (BIPV)
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