TUVNOR TUV NORD TURKEY

ENDUSTRIYEL HIZMETLER DENETIM RAPORU

INSPECTOR

PLACE & DATE

CUSTOMER

CUSTOMER ORDER
NO

INSPECTION DATES

CUSTOMER CONTACT:

REPORT TYPE

ANNEXES

SENT TO

Hasan Ozsahin ORDER NO

19.11.2024 & istanbul REPORT NO

BINTECH Robot

Teknolojileri A.S. MANUFACTURER
MANUFACTURER
2116146719 AN

23.09.2024/01.10.2024
/11.11.2024/19.11.202 MANUFACTURER
04 CONTACT

Batuhan Mert

Lacinkaya STAMP

L] Initial [ ] In-tern

X Yes ] No
[] Customer (] Manufacturer

e INSPECTION SUBJECT

TUV NORD TURKEY

2116146719

RP-TUVNORD-25/0126-
R0OO

BINTECH Robot
Teknolojileri A.S.

2116146719

Batuhan Mert Lacinkaya

[]Yes [ ] No
X Final

[ ] Archive

This inspection covers the "Third Party Inspection” technical supervision services and
reporting of the impact on solar panels after cleaning, using the OTR/ROBSYS cleaning
robot manufactured by BINTECH Robot Teknolojileri A.S.
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e PROJECT DEVELOPMENT

The purpose of this test is to examine whether the solar panel cleaning robot causes any
damage to the cleaned solar panels during periodic cleaning operations. During the test,
the robot will perform the cleaning operation under specified conditions, and its impact on

the panels will be assessed using visual and technical devices.

This inspection

Stage 1 - Initia

was conducted in three stages:

| Inspections:

o Date: 23.09.2024 - 1.10.2024

e Location: TUBITAK Test Laboratory

e Purpose: Determination of the condition of the panels before cleaning.

e Examinations:

o Visual inspection (micro-crack control)
o Electroluminescence imaging
o Maximum power measurement

Stage 2 - Cleaning Process:
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e Date

: 03.10.2024 - 19.11.2024

e Location: Outdoor test area

e Setup: The solar panels were installed according to the manufacturer's (Schmid Pekintas)
installation instructions (Appendix-7 Installation Guide).

e Purpose: OTR/ROBSYS cleaning robot to perform 2000 cycles of cleaning.

e Setup Details:

o

The table on which the panels were mounted was set at a 0° angle and at a height of
0 cm from the ground.

The robot cleaned an area measuring 7 meters in length and 1.134 meters in width.

During the robot's movement, abnormalities such as vibration, excessive friction, or
pressure changes were monitored.

The test setup consists of three panels; however, the tests were conducted on two
panels. The three-panel test setup was used to maintain the procedure and avoid any
changes in the solar panel cleaning process, but only two panels were evaluated.

Stage 3 - Final Inspections:

e Date

:11.11.2024 - 21.11.2024

e Location: TUBITAK Test Laboratory

o Purpose: Determination of the condition of the panels after cleaning.

e Examinations:

o

o

@)

Visual inspection (micro-crack control)
Electroluminescence imaging

Maximum power measurement

Cleaning Device:

e Model: OTR/ROBSYS

e Serial No.: OTR-0001

e Production Date: 24.05.2024

Solar Panel:

F-756 RO6

e Manufacturer: Schmid Pekintas, 550 Watt Mono PERC Monofacial
e Panels Used:

e Serial No.: SPE-08-2409052808
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e Serial No.: SPE-08-2409051010
¢ RESULTS & OPINIONS
Stage 1: Initial Inspection

o Panels' visual and technical inspections were conducted at TUBITAK laboratories.
e Micro-crack analysis and power measurements were recorded.

Serial No Inspection Date | Visual Check Maximum Microcrack
Power

SPE-08- 23.09.2024- EK-1 550,4 W (EK-1) | YOK (EK-1)

2409052808 01.10.2024

SPE-08- 23.09.2024- EK-3 552 W (EK-3) YOK (EK-3)

2409051010 01.10.2024

Stage 2: Cleaning Process

e The robot performed 2000 cleaning cycles on two panels.

e The cleaning operation lasted 8 hours, with the panels positioned at a 0° angle.

e Environmental conditions were recorded (temperature ranged from 8°C to 14°C, and
humidity varied between 0% and 8%). No abnormalities were observed in the robot’s
performance.

e The cleaning process was conducted without water.

e |t started with 500 cycles. The battery was replaced after 1240 cycles. The remaining 260
cycles were completed after the battery replacement, making a total of 2000 washing
cycles.

e After cleaning, the panels were sent to TUBITAK test laboratory for analysis.

e The robot performed 2,000 cleaning cycles on three panels. EL tests were conducted on two
panels. The reason for using three panels was due to the established test setup.

Stage 3: Final Inspection

Panellerin Son Kontroli: (EK-4, EK-5, EK-6)

Microcracks have formed on only one solar panel. The serial number of the panel with
microcracks is SPE-08-2408281724. A new crack formation has been observed on the
microcracked panel, but no progression of the existing crack has been detected.

The OTR/ROBSYS cleaning robot has not caused any significant physical damage to the solar
panels and has not led to the progression of microcracks over 2,000 cleaning cycles.

Serial No Inspection Date | Visual Check Maximum Microcrack
Power
SPE-08- 11.11.2024- EK-4 548,4 W (EK-4) | YOK (EK-4)
2409052808 21.11.2024
SPE-08- 11.11.2024- EK-6 549,6 W (EK-6) | YOK (EK-6)
2409051010 21.11.2024
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EVALUATION

No microcracks have been detected in the solar panels.

The OTR/ROBSYS cleaning robot has not caused any significant physical damage to the solar
panels or contributed to the progression of microcracks over 2,000 cleaning cycles.

PVSERIAL Initial Test Result Final Test Result
NO
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Tablo 2. Glnes Panelinin Maksimum Gl¢ Tayini deneyinin olcum sonuglart Tablo 2. Gunes Panel'nin Maksimum Gug Tayini deneyinin 6kcum sonuglar
PanelSicakligi (°C) 246 1 | PanelSicakign  ('C) | 247
DeneyKos lsnim Diizeyi  (W-m?) 1000,2 Deney Kogulan - Dizeyi _ (Wem?) 1000,4
Olgiilen Parametreler Olgiilen Deger Belirsizlik Olgiilen Parametreler Olgiilen Deger Belirsizlik
7Maks4mum GUg, Pmax W) 5504 7.7 Maksimum Gig, Prax w) 5484 7.7

Agik Devre Gerilimi, Ve v) 50,26 035 Agik Devre Gerilimi, Vo, N ) 50,28 0,35 1

Kisa Devre Akimi, /s (A) 1367 0,12 Kisa Devre Akimi, /. (A) 13,60 0,12

Maksimum Giigteki Gerilim, Vpmax v) 4211 N 0.46 Maksimum Giigteki Gerilim, Vpmax (v) 42,15 046

Maksimum Giigteki AKIm, Jpmax (A) 13,07 017 Maksimum Gligteki AkIm, Jpmax (A) | 13,01 | 017

Dolum Faktdrd, FF (%) \ 80,11 0,96 Dolum Faktord, FF (%) | 80,22 096
SPE-08-  ERRE TEFT ST TTEl B - FIT e
2409051010 | = ' g -

"
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Tablo 2. GUnes Panellnin Maksimum GUG Tayini deneyinin olgum Sonug A

Sekil 2. Giines Paneli'nin elektroliminesans goruntisi

Tablo 2. Gines Paneli'nin \ Glg Tayini deneyinin diglim sonuglari ol S
[ Panel Sicakhgi (°C) 247 — | Panel Sicakligi (°C) B 247
Deney Kosullan ——— 7 1 Isiim Dizeyi  (W-m?) 1000,5
Isimim Dizeyi  (W-m?) 1000,2
Olgiilen Parametreler Olgiilen Deger Belirsizlik
Olgiilen Parametreler Olgiilen Deger Belirsizlik —

: MR Maksimum GUig, Pra W) 5496 | 7
Maksimum GUg, Prmax w) h52.0 BF Agik Devre Geriimi, Vyc v) 50,25 | 0,35
Agik Devre Gerilimi, V. ) 50,25 0,35 Kisa Devre Akim, L ) 13.65 ‘ 012
Kisa Devre Akimi, Is; (A) 13,72 012 Maksimum Giigteki Geriim, Vs (V) 42,09 | 046
Maksimum Gugteki Gerilim, Vomax (V) 42,07 | 0,46 Maksimum Giigteki Akim, /pmax (A) 13,06 } 0,17
Maksimum Giigteki AKIm, Jomax (A) 13,12 0,17 jolum Faktord, il - (%L Bq.js | 0,96 |
Dolum Faktéra, FF (%) | 80,04 0,96

e ATTACHMENTS
e Appendix-1: Initial test results for panel SPE-08-2409052808
e Appendix-2: Initial test results for panel SPE-08-2409051010
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Appendix-3: Final test results for panel SPE-08-2409052808
Appendix-4: Final test results for panel SPE-08-2409051010

o Appendix-5: Photovoltaic Solar Panel Installation Guide

e DENETIMDEN FOTOGRAFLAR

MODULE TYPE

SCHMED> PERINTAS SRRN0:11M

tNTRaY

Maximum Power (Pmax)

Maximum Power Voltage (Vpmax)
Maximum Power Current (Ipmax)
Open Cirouit Voltage (Voc) 49.74 V
Short Circuit Current (Isc) 13.88 A

Maximum System Voltage :
STC: Imadiance 1000 Wi’

850 W (+4,9 Wp)
4216 V
13.07 A

Photo 1 - Annex 1: Label Information of the
Solar Panel with Serial Number SPE-08-
2409052808

Photo 2 - Annex 1: Image of the Solar Panel
with Serial Number SPE-08-2409052808

SPE-08-2409052808

Tablo 1. Gnes Paneli'nin Gérsel Muayene/ Elektroliminesans deneyi ile gozlemienen bulgular

‘ Panelin On Yiizeyi ‘
Kusur (Var/Yok) ‘

| Temel Garsel Kusuriar

‘ Panelin dis yiizeyinde tespit edilen bikiime, gatlama, ezilme ve/veya

‘ Kkopma gibi bulgular | |
| Paneiin galismasin bozacak sekilde yaniis hizalanmis alt tabakalar, l i
gergeveler ve baglant kutulari ‘
| - - =
| panelin én ve arka yiizeylerinde veya panelin aktif bilegenlerinde yanma, ‘ o ‘
‘ erime vb bulgular |
‘ Laminasyon veya diger yapistirma ydntemleri nedeniyle panelin toplan ek ‘
alaninin % 1'ini agan kabarciklar ‘ ‘
Panelin elektriksel devresindeki bulunan hiicrelerin % 10'undan fazlasini | Yok |
| etkileyebilen kirik ve/veya catlak hucreler |
[
| Panelin aktif devresini in herhangi bir katmaninda bulunan ve herhangi bir ‘ VoK |
hicrenin % 10'undan fazlasini kaplayan, boluklar ve/veya korozyonlar (
Panelin aktif hicrelerde elekiriksel baglantilar arasi mikro kinimalar, mikro ‘ Vil
‘ kopmalar, atlamalar ve/veya ezilmeler gibi bulgular \ ‘
| Panel Gérsel Muayene/Elektroliiminesans Deneyl Sonucu Gegti®

"+ Begeriendirme Kogulu: IEC 61215-1:2021 ve [EC 61215-2:2021 standartiarina gére aktif hicrelerdeki
Kirik ve gatlaklarin sayisi, panelin elektriksel devresinin % 10'undan digtk olmahdir

Photo 3 - Annex 1: Junction Box, Serial

Number, Busbar, and Fingerprint Lines of the

Solar Panel with Serial Number SPE-08-
2409052808

Photo 4 - Annex 1: Visual Inspection of the
Solar Panel with Serial Number SPE-08-

2409052808
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Tablo 2. Glineg Panel'nin Maksimum Giig Tayini deneyinin olgum sonugfari

E = Panel Sicakld  (°C) ‘ 246
2 Deney Kogullan -
lsimim Diizeyi ~ (W-m?) 1000,2
: Qlgiilen Parametreler Olgiilen Deger Belirsizlik
E L | | | Maksimum Gilg, Pray W) 5504 77
= ~ | | AgikDevre Geiimi, Ve V) 5026 035
Kisa Devre Akimi, Is. (A) 1367 012
Maksimum Ggteki Geriim, Vomax (V) an ‘ 0,46
~ o || MeksmunGigekAum, b (Y Bor | 0w
"SSEEE = == = EEE Dolum Fakidri, FF (%) o | 096
Photo 5 - Annex 1: Initial Test Results of the Photo 6 - Annex 1: Initial Test Results of the
Solar Panel with Serial Number SPE-08- Solar Panel with Serial Number SPE-08-
2409052808 2409052808
MODULE TYPE
SCHMED PEKINIAS SPES60-144M
Maximum Power (Pmax) 550 W (+4,9 Wp)
Maximum Power Voltage (Vpmax) 42,16 V
Maximum Power Current (Ilpmax) 1307 A
Open Circuit Voltage (Voc) 49.74 V

Short Circuit Current (Isc

Photo 7 - Annex 3: Label Information of the
Solar Panel with Serial Number SPE-08-

[
Panelin On Yuzeyi ‘
Temel Gérsel Kusurlar Kusur (var/Yok)
Panelin dis yiizeyinde tespit edilen biikilme, ¢atlama, ezilme ve/veya i
kopma gibi bulgular

Photo 8 - Annex 3: Image of the Solar Panel
with Serial Number SPE-08-2409051010

3 :
: | |
i‘ $
g
Panelin galismasini bozacak sekilde yaniis hizalanmis alt tabakalar,

cergeveler ve baglanti kutulari
R o2 Panelin 8n ve arka yiizeylerinde veya panelin akif bilesenlerinde yanma, .
erime vb bulgular o
bt e d

L n veya diger yap y panelin toplan

’ alaninin % 1'ini agan kabarciklar
| [ Panelin elektriksel devresindeki bulunan hiicrelerin % 10'undan fazlasini
i etkileyebilen kirik ve/veya catlak hlicreler Yok
Panelin aktif devresinin herhangi bir katmaninda bulunan ve herhangi bir
hiicrenin % 10'undan fazlasini kaplayan, bogluklar ve/veya korozyonlar Yok ‘
Panelin aktif hiicrelerde elektriksel baglantilar aras: mikro kiriimalar, mikro -
kopmalar, gatlamalar ve/veya ezilmeler gibi bulgular Yok
Panel Gérsel Muayene/Elektroliminesans Deneyi Sonucu Gegti*
* Degerlendirme Kosulu: IEC 61215-1 2021 ve IEC 61215-2:2021 standartlarina gore aktif huuslurduk‘n
- kirik ve gatlaklarin sayis), panelin elektriksel devresinin % 10'undan digik olmaldir.
Photo 9 - Annex 3: Serial Number of the Solar | Photo 10 - Annex 3: Initial Test Results of the
Panel with Serial Number SPE-08- Solar Panel with Serial Number SPE-08-
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BT g i 3 22 = T Tablo 2. Giineg Panelinin Maksimum Gg Tayini deneyinin 6lgim sonuglari
E | & . | [ | PanelSicakigi (°C) 27 |
— - Deney Kogullan = S ‘
z 3 linim Diizeyi ~ (W-m*) 1000,2
: . B Olgillen Parametreler Olgillen Deger Belirsizlik
— 'f;_ _ I | | vaksimum Gi, P W | s mo
: ? = T | | AgkDewe Garim, ) 50,25 035
=l E ' ; 1 || KisaDevre A () pn | o
: e A | [ Moksimum Giglek Gerim, (V) 007 046
E =B T | | veksimunGlgteki Am s (A) | 1312 017
& ks E EEEREEE" Dolum Faktéri, £F %) 00 | 0%

Sekil 2. Giines Paneli'nin elektroliminesans qorintisi

Photo 11 - Annex 3: Initial Test Results of the | Photo 12 - Annex 3: Initial Test Results of the
Solar Panel with Serial Number SPE-08- Solar Panel with Serial Number SPE-08-
2409051010 2409051010

$°k" 2. Gunes Panei'nin i olektr olumnesans obriinti EL’ =1 . - s

Photo 13: Initial Test Results of the Solar Photo 14: Final Test Results of the Solar

Panel with Serial Number SPE-08- Panel with Serial Number SPE-08-
2409052808 2409052808

YT

Photo 15: Initial Test Resulfs bf the Solar Photo 16: Final Test Results of the Solar

Panel with Serial Number SPE-08- Panel with Serial Number SPE-08-
2409051010 2409051010
YV
REFERANS ALINAN KURULUM YONTEMI
SPE SAQ-AAM SPE 545- 144/ _L—i' o

SPE 550 144M | SPE 545.1448) ." ." b
Uzun kenardan P 550-1448 :

kelepgel kuruium

A=300£50mm
Morigropksg |30 30mm
kenara paralel C=500 £ 50 mm

U ek profife
badant
Rilzdr yiikil < 2400 Pa
Kor yUku < 5400 Fa
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Photo 17: The Table Where the Panels Are
Installed

Photo 18: Installation Dimensions

‘A

Photo 20: Image of the Panels Before

Photo 19: Robot Label

=== ——— e |

Cleaning

Photo 21: Image of the Panels Before the Photo 22: Installation and Dismantling of the
Cleaning Stage Panels

A

Photo 23: Battery Replacement After the Photo 24: Battery Replacement Dring the
1240th Revolution Revolution
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=%

ATILACAK TUR SAVISI
200
260

ATILAN TUR SAVIS!

- () e

€ SRR CLPRRNC J)

Photo 25: 260 Revolutions Completed After

Battery Replacement Photo 26: Packaging Stage of the Panels

INSPECTOR REVIEWED BY
Name : Hasan Ozsahin Name : Tayfur AKGU
|
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