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Test report no.:

Priifbericht - Nr.: 21218035

%fsnttomer no. and TRITEC Logistics GmbH
address): ' Boschstralle 2/4
Auftragge.ber D-71287 Weissach

(Kunden-Nr. u. Adresse):

Test item: . . Date of receipt:
Gegenstand der Priifung: hpﬂ\c/’ul\:gglg”:tsrj cr;SrZ;/ Eingangsdatum:  28.09.2011

Module type Hareon Solar - HR-220P-18/Bb
designation: Suntech - STP185S-24/Ad+
Modultypen-Bezeichnung: (for details see Constructional Data Form no. 21218035)
Mounting system Tritec Logistics GmbH — TRI-STAND Aero 80
Montagesystem Tritec Logistics GmbH — TRI-STAND Aero 100
Order no.: Quotation no.:
Auftragsnummer: 21218035 Angebotsnummer: 1220T1 1153
Testing location: Solar Energy Assessment Center Cologne
Prafort TOV Rheinland Energie und Umwelt GmbH
Am Grauen Stein, 51105 Kéln, Germany
Tel.: +49 221 806-2477, Fax: +49 221 806-1350
Test specification: IEC 61215:; 2005, EN 61215: 2005, Second Edition :
Priifgrundlage: “Crystalline silicone terrestrial photovoltaic (PV) modules — Design qualification
and type approval’
Test result: The mechanical load tests (10.16) (2400 Pa pressure/tension and 5400 Pa
Priifergebnis: pressure) of the EN IEC 61215:2005 standard were passed according to its

regulations of the pass criteria. Test specifics are documented in the section
Summary of Testing. It is therefore declared, that the photovoltaic modules of
the aforementioned type(s) in combination with the aforementioned mounting
system(s) have passed the requirements of the EN IEC 61215:2005
mechanical load test (10.16).
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IEC 61215 — Design qualification and type approval
Clause Requirement + Test Verdict - Remark Verdict

Summary of testing

According to the inquiry of the customer a mechanical load test have been performed with the following
combination of PV modules and mounting systems.

Hareon Solar - HR-220P-18/Bb - Tritec Logistics GmbH — TRI-STAND Aero 100
Suntech - STP185S-24/Ad+ - Tritec Logistics GmbH — TRI-STAND Aero 80

The aforementioned combinations (mounting system / PV module) have passed the mechanical load test
according IEC 61215 with a pressure and tension of 2400 pa and also with a pressure of 5400 pa.
The load was applied orthogonally to the PV modules.

Summary of test locations:

All tests were performed at the Solar Energy Assessment Center Cologne with the exception of the following
test:

General information

Abbreviations used in the report:

HF — Humidity freeze TC — Temperature cycling

DH — Damp heat Vmpp = Maximum power point voltage
Impp — Maximum power point current Voc — Open circuit voltage

Isc — Short circuit current FF — Fill factor

Pmpp — Maximum power a — Current temperature coefficient
NOCT - Nominal Operating Cell Temperature B - Voltage temperature coefficient
STC — Standard Test Conditions Y — Power temperature coefficient

Possible test case verdicts:

- test case does not apply to the test object.............................;. N/A

- test object does meet the requirement................................... Passed (P)

- test object does not meet the requirement............................. Failed (F)

Date(s) of performance of tests ..............ccccecccoveveeeeneeen.s. - From 22.09.2011 until 01.12.2011

General remarks:

The test verdicts presented in this report relate only to the object tested.

This report shall not be reproduced, except in full, without the written approval of the issuing testing laboratory.
“(see Enclosure #)" refers to additional information appended to the report.

“(see appended table)” refers to a table appended to the report.

Throughout this report a point is used as the decimal separator.
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IEC 61215 — Design qualification and type approval
Clause Requirement + Test Verdict - Remark Verdict
Module group assignment:
Remarks /
Sample # Sample S/N constructional characteristics GSr?)T[F))II?D
(e.g. cell, back sheet, frame type)
20110007142 H11106041270 Reference module A
20110007143 025112188910055310 Reference module A
20110007144 025112186292995310 TRI-STAND Aero 80 B
20110007145 H11106040971 TRISTAND Aero 100 B
Test verdicts
Initial examination All modules —
10.1 Visual INSPECHION ... e enennen : | See table 10.1
10.2 Maximum power determination ..........c...cccocceeenee : | See table 10.2
10.3 Insulation test .........cooovvv i : | See table 10.3
10.15 Wet leakage currenttest........c.oooooiiiiiiiiin . | See table 10.15
3 Electroluminescence imaging Annex 4

Group B 2 Modules

Sample Group ID B

10.16 Mechanical load test (2400 Pa)

10.16 Mechanical load test (5400 Pa)
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Tables
Visual inspection (Initial) (10.1)
| Test date DDMMNYYY] oot 03412011 _
!. “ iSrar;{ple # NatU;;rE Eosifio; c;f Et}a] findings —
| 20110007142 Minor visual defects p
| 20110007143 Minor visual defects P
(72(_)171-6607144 Minor visual defects P
20110007145 Minor visual defects P
Supplementary information:
Maximum power determination (Initial) (10.2)
Test date [DD/MM/YYYY]...ocoovevivvinnicreeenee. 0 [11.11.2011 —
Module temperature [°C] ......ccccovvveereeriirennneee. : | Corrected to 25 °C —
Irradiance [W/m?] ......cccccceevveveeveceeeeeevvennenenn s | 1000 o1 * —
Sar_ﬁﬂple # Pmpp [W] Vmpp [V] Impp [A] Voc [V] Isc [A] FF [%]
| 20110007142 221.31 28.5 7.8 36.5 8.5 71.58
| 201 10007143 192.45 36.6 5.3 44.8 57 75.58
20110007144 192.06 36.7 5.2 44.9 5.6 76.21
20110007145 226.88 28.8 7.9 36.7 84 73.16
* relative measurements with irradiance levels different from 1000 W/m? were performed
Supplementary information:

Insulation test (Initial) (10.3)

Test date [DD/MM/YYYY] ..o 08.11.2011 —
Maximum system voltage [Vpc] ...ooveveveivenens 1000 -
High voltage applied [Vpc] ...covoveemevveerecreceeinn 6000 —
Insulation resistance measured at [Vpc] ......... : 3000 —
Measured Area Result* Dielectric breakdown
Sample # —
[GQ] [m?] [GQ* m? Yes (description) No
20110007142 124.9 1.62 202.3 — X P
20110007143 92.3 1.28 118.1 — X P
20110007144 135.8 1.28 173.8 — X P
20110007145 91.0 1.62 147.4 — X P
* Minimum requirement acc. to the standard is 0.04 GQ*m?2.
Supplementary information:
TUOV Rheinland Energie und Umwelt GmbH 435_21218035
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Wet leakage current test (Initial) (10.15)
Test date [DD/MM/YYYY]......cceeevvennnneneeet [ 10.11.2011 —
Insulation resistance measured at [Vpg] -........ : | 1000 —
Solution resistivity [Q cm] .....cccccvveevrrcnrirreneennn . | < 3,500
Solution temperature [°C]......cccoeoveeciiinecennenne 11223
Sample # Measured Area Result* B
MQ) [m?] MQ " m?]
20110007142 62.5 1.62 101.3 P
20110007143 51.8 1.28 66.3 P
20110007144 65.8 1.28 84.2 P
20110007145 64.0 1.62 103.7 P

* Minimum requirement acc. to the standard is 40 MQ*m?2.

Supplementary information:
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Mechanical load test (10.16 E1) 2400 pa
Test date DDMMYYYY] .o | 28.11.2011 —
1 Pr;séure mechanical load applied [Pal]...........: | 2400 —
5Tensiigmechanical load applied [Pa]..............: | 2400 —
Sample # Open cifctﬂs (yes/no) Mounting structure —
20110007144  No TRI-STAND Aero 80 P
20110007145 | No TRI-STAND Aero 100 P
Supplementary information:
Load was applied pneumatically;
Visual inspection after Mechanical load test (10.1)
‘Test date [DDMMYYYY] oo | 29.41.2011 —
Sample # Nature and pos}tion of finaings —
20110007144 No visual defects p
20110007145 No visual defects P
Supplementary information:
Maximum power determination after Mechanical load test (10.2)
Test date [DD/MM/YYYY] ....ccoeviminnrnrnrennee. 0 129.11.2011, —
Module temperature [°C]...............c.ccue.......... s | Corrected to 25 °C —
Trradiarma WM eieeiieivcecesievin vt | 1000 —
Sample # P[’\T,‘V‘}p V['\‘/'j’p Impp [A] | Voc[V] | Isc[A] | FF[%] Degr[i‘/f]aﬁm -
20110007144 | 184.92 353 | 5.2 446 55 74.94 3.72% P
20110007145 525.35 28.7 7.9 36.7 8.4 72.70 0.67% P
Supplementary information:
Maximum allowable Pmpp degradation after this test is 5%.
TOV Rheinland Energie und Umwelt GmbH 435_21218035
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Insulation test after Mechanical load test (10.3)

' Test date [DDMMYYYY] oo : 20.11.2011
FI\—/-I;xirir;l_Jﬁisystem voltage [Voc] «oovvvverieeneenne : 1000
-H}g;/oltage applied [Voc] -cooeereveererreereneennen 6000
Insu[:awtion resistance measured at [Vpc] ......... : 3000
o ﬁgMAea—s_ured Area Result* Dielectric breakdown
Sample # ==
[GQ] [m?] [GQ*m? Yes (description) No
20110007144 | 1661 | 1.28 2126 . X
20110007145 \ 944 | 162 1562.9 — X
* Minimum requirement acc. to the standard is 0.04 GQ*m?2.
Supplementary information:

Wet leakage current test after Mechanical load test (10.15)

[Test date [DD/MM/YYYY] ... : 129.11.2011

| Test voltage applied [V]......cococrevmiercirennnens : 11000

-_S_olution resistivity [Q cm] ..cccoovvrveviiiienees 1 1<3,500

goluti;n temperature [°C]......ccccovvvneceninenccnne 1122+3

Sample # Measured Area Result*
MQ] [m?] MQ*m?]

20110007144 64.7 128 | 1048
20110007145 58.5 1.62 749

* Minimum requirement acc. to the standard is 40 MQ*m?.

Supplementary information:

TUV Rheinland Energie und Umwelt GmbH 435_21218035
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Mechanical load test (10.16 E1) 5400 pa
| Test date [DDMMYYYY] ..o | 01.12.2011 —
[Pressure mechanical load applied [Pa]........... : | 5400 —
Tensiie mechanical load applied [Pa]..............: — —
B Sample # Open circuits (yes/no) —
| 20110007144 No P
20110007145 No P
Supplementary information:
Load was applied pneumatically
Visual inspection after Mechanical load test (10.1)
Test date [DD/MMIYYYY] .o 1 101.12.2011 —
Sample # Nature and position of findings —
20110007144 No additional visual defects
20110007145 No additional visual defects P
Supplementary information:
Maximum power determination after Mechanical load test (10.2)
Test date [DD/MM/YYYY]....covveieiiiiiiiere. 1 101.12.2011 —
Module temperature [°C] ..........ccccceevernnnnnen...t | Corrected to 25 °C —
Irradiance [W/m?] .....cocoovveiniieecrieeeee e, : [1000 or * —
Sample # P[rcvp;p V[T\T/[i)p Impp [A] | Voc[V] | Isc[A] FF [%] Degr[aoz/toj]ation —_
120110007144 | 18371 | 358 | 51 | 445 | 56 | 7422 | 065% P
20110007145 22079 | 287 | 7.7 | 366 | 84 | 7147 | 202% P
* relative measurements with irradiance levels different from 1000 W/m?2 were performed
Supplementary information:
Maximum allowable Pmpp degradation after this test is 5%.
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Insulation test after Mechanical load test (10.3)

Test daté [DD/MM/YYY Y] ..ocvnvirienriinrnieen 01.12.2011

]A;*f;r;um system voltage [Vpc] --vooevvevinneent 1000

(Eg—f;/;)ltage applied [Vpe] ..o oveeveeereiieirninnnenn, : 6000

i Insulation resistance measured at [Vpc] .........: 3000

ﬁ* - Measureid | Wgea Result* Dielectric breakdown

‘L sample® el | ma | [earm Yes (descripion) | No
| 20110007144 | 975 1.28 124.8 No .
20110007145 | 918 | 1.62 148.7 No =

i Supplementary information:

Wet leakage current test after Mechanical load test (10.15)

Test date [DD/MM/YYYY].....ccccoveviecceeneennt | 01.12.2011
| Test voltage applied [V] ..o : | 6000
Solution resistivity [Q cm] ...c..ooceeviirivirirnnees : [<3,500
Solution temperature [°C].....cccccoocerevvcevneiennnnt 2223
Measured Area. Result*
Sample #
MQ] [m?] MQ * m?]
20110007144 62.7 1.28 80.3
I 20110007145 65.9 1,62 106.8
Supplementary information:

TUV Rheinland Energie und Umwelt GmbH 435_21218035
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Annex 1: Statement of the estimated uncertainty of the test verdicts

- Electrical performance rating is outside the scope of IEC 61215:2005 qualification testing. The verdicts of
performance rating are only related to the test samples that were subjected to the tests. They cannot be
generalised to the modules from the series production.

- The calibration to STC was performed with a class AAA solar simulator. The extended measurement
uncertainty is:

0 20 (Pmpp)<£25%
o 20(lsc)£+23%
o 26 (Voc)=+1.0%
Relative measurements were performed with a flash type solar simulator.

The accuracy of measurement reproduction with the solar simulator is less than +1%.

Annex 2: Measuring software

Program name Version no. Date Application |
1 B Opérr'a’ting software pulsed
PSL-LOAD.exe 256.5 December 2006 solar simulator
Sefelec SXS Pro 7.11.0397 October 2008 ISO /WL
TUV Rheinland Energie und Umwelt GmbH 435_21218035
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Measurement reports

.

Annex 3

Flash curves without figures

T L T Lf g
=t ---F---F--=—1---F---F--f--mp--1=
\ ' i 1 1 ] ] 1 1 1 ' 1 1 ' ] 1 1 =
] [} 1 1 | I ] [} 1 1 1 [} ] 1 1 1 o
] 1 1 1 1 ] 1 | 1 | ] i | ] 1 [ w
] 1 1 ! 1 ] i ) 1 1 i 1 | VT 1
f==T~—~""=~=="r~=7T =Tt b Budeiods sebeided hafbedk thedudnde ntein Ml vt S iiniutn iy a4
) ] i ) i ] | } ] ] 1 a1 1 -
] ' 1 1 1 1 ) i 1 ' 1 AT 1 | |
] ] 1 1 1 ) ] 1 1 1 = 1 1 | |
\ ' | | | | | ] i | | | 1 1 1 @
f==v-——a—==—r---r R Sadadede il o U\UUU‘lil1|||4|||4||||1|||1|||4|||J|||||||4a
1 1 1 1 1 ] 1 | 1 1 ! 1 1 | Gl
] 1 i | 1 ) 1 1 1 1 | 1 i 1
| ] 1 1 1 \ 1 1 1 1 1 1 1 1
| ] 1 | | 1 | | | 1 1 i 1 a
F=—t=—— o= p—m—tm— L it iablel bl Dot ot et bt bbbl nhds e
] 1 1 ) ' 1 | 1 1 ' 1 ' 1 B
1 [} 1 1 1 ] 1 [} ] 1 i I
' 1 | | ' ] ] | ! \ | i i
1 1 1 1 ' 1 | 1 \ 1 1 1 o=
IS S PR S + N e s ] SR P
1 1 ! | i ] | 1 1 ] 1 1 B
1 1 A \ 1 ] ' 1 | 1 1 1
1 _\\\_ 1 ] 1 | ] 1 | 1 1 ]
1 1 ' ] ] [ | 1 | | 1 1 \ @
R A T | N Y T e il niatt T
1 ! ] | | ] | 1 1 ] ] 1 | S
1 ) | ] 1 1 1 ] ] ] 1 1
1 1 1 ' 1 \ ' i 1] ' ' 1 |
1 1 | ] 1 ] ] 1 ] ] ] 1 1 o
T T e O B R e N P S PP (PN [, SN RO GEpEE NP NS Y
| | ] ] 1 | ] T [ ] ] | 1 4
1 1 ] 1 ] 1 1 ] i | ] 1 ]
1 \ | ) ] [} [} 1 1 ] 1 1 ! [}
1 1 1 ] ] ] ] i ] ' | 1 ' -
IS SR TG PN (U S M PO SR S U AP Sy IPUONpUS RN MR R S
| ] ] [} 1 1 [} 1 ) ) 1 1 [} I
I ) ] ] ] ' | 1 ) ] ' 1 ]
' \ ] 1 1 1 1 ' 1 1 ' 1 ]
1 ) ] 1 i | 1 ) 1 1 1 | | &
(N T PN RPN NN RPN NP MU EU | RS i ——— [ Y ORI [P PpUpUOEN Hpupiny BN RIS NPVRyIN Ep— S
\ 1 ] ] | 1 I | I ] i 1 1 | 1 i
| 1 ] 1 1 i ) | t | 1 1 | 1 1
) ] ' 1 I | ) 1 | | ] 1 ' ] 1
' ] ] 1 1 ] \ 1 ' ] ] | ) ' 1
ﬁ ] ! i [} 1 ] [} ] 1 1 ] I 1 ] 1
abak o fide induiei’ shobudel thabubnts bt Infubudel shubuind dnfuints rbatek minfeind thubeinh Snbabiy Auinieie Shatntd Eite Sbin i e B
] 1 1 | 1 | 1 | ] 1 ] ' 1 ] ' 1 1
1 1 | 1 ] | ] ] 1 I ] | 1 | 1 ] 1
1 i 1 1 ' | | 1 1 1 1 1 1 ' 1 i | .
1 1 1 1 ' ] 1 ' 1 ) | | 1 ' 1 1 ! 3
atas & Sl indeliiel el dibbty Sty ieiebbel shebeink thebubuly Snleniniey mindeied st Siubeiuis it nnbuty S St
1 1 1 ' 1 ] ' 1 1 1 | 1 1 ] ] 1 1 i~
1 1 ' 1 ] 1 1 1 ' ] | ' 1 ] 1 1 ' -
1 1 1 1 ] | 1 1 | 1 1 i ] ] | 1 ] il
| 1 V | ] | 1 1 ] ] | 1 1 | | 1 | o =
Bt Rl C it el e e bt il Sttt Rutethrihe ettt sl dhnbeubts et mintebed shedaiints Snfutei buaiad ¢7atalt £23
1 | ] ) [} 1 1 | [} ) [} 1 [} [} [} t 1 N e
1 1 1 1 ] | 1 I 1 ] ' i 1 ' | ] 1 w
1 ' ] 1 1 1 1 ' ] ] | ' 1 ] | ] 1 o
1 ] 1 \ ' 1 1 1 ] ] 1 ] ] | 1 \ 1 Iy &4
Pt bt et by st bl LT Tl bt siatebet heleionts Entutds i S i Anininds hutnbi it shutninds et niminind I Rl b1
) ' 1 ] 1 ! ] ' ' | 1 ] 1 | 1 \ ] 0 e
) ] ' i | 1 ] \ ] 1 } ] 1 1 1 ] 1 b3
1 1 | | ! i ] | | 1 ) | \ 1 ) ] 1
l 1 1 1 1 ) ] 1 \ 1 ' 1 ] | i | 1 1 o
R e i i S R e i b e et it F81
1 ] i 1 1 1 1 1 i 1 1 1 i 1 1 i | »
) ' 1 1 1 ) ' ' 1 1 ) 1 1 1 1 ' 1 &
\ 1 1 1 | 1 1 | ' 1 ) ] | | 1 1 1 ]
| | 1 1 ) | | | ] 1 ] | 1 | ] 1 1 4 o
R e S S S e L e e T T Sl ¥
1 1 ' 1 ] ' ] 1 ] ] 1 | ] 1 1 1 o
[} 1 ] [} [} [} 1 1 [} 1 i ] [} I I -
i 1 ] ] [} | 1 I 1 1 1 \ ] 1 ] =
] | ] 1 ] ] 1 1 ] ] 1 ] ] 1 ] o =
b —-—d 1 S . T S A T T e il S S
1 1 ] ] ] 1 1 1 ] i ] ] 1 1 | i -
1 1 ' 1 1 | 1 1 ] 1 ] ' ] 1 1 il
| I ] [} 1 1 ] ) [} 1 1 ] [} I [} i
1 \ ] 1 1 1 | 1 ] 1 ) 1 ] ] | S =
L -1 L [T PG U, U (PRI PEpNUIUN MNPV RO QU [pNOUI SN SSUSUpI REpEp Spupupi RIS f
1 ] | ] I 1 | ] ] | 1 1 | ] 1 1 -
1 i ] 1 1 t ] ] 1 ) 1 1 1 1 1 @
1! ' ] 1 1 1 1 ] 1 ) 1 | I} ] | i+
1 1 1 1 ] 1 ] 1 | 1 1 1 1 1 s I
| -—d L [N DU JEUUUE IR [PPSO [NV IR SRUQUIY DU REPEG SPNEY RUUISUS U NSRS S s
1 ] 1 I | | 1 T 1 1 I 1 1 I - @
[ [} | 1 ) [} 1 1 ] 1 [} [} [} I I
) ' | 1 | ] 1 ' \ ' t ] 1 1
1 1 ] ) ] 1 1 1 1 | ' 1 1 |
l __ (| DU SN EUNURURN IORRIVIE R I IO JESNE FSVHUUUIN NNV IR DN SONUNUE [ Ao
v R et Seleiut Ieletele bl it o it il Mndh it
1 ' \ ] i 1 1 1 i 1 1 1 ]
' ) ] 1 ' 1 ] ' 1 \ ' 1 ]
] | 1 1 1 \ ] ] | 1 1
' \ 1 | \ \ 1 1 \ | \ C
T T T T T T T T T T T -
i | 1 [} [} i 1 [} i 1 1
L i I 1 ) | 1 1 1 1 \ 1
¥} strax; <2 S 54 & 5% (08 ] Sk ok L [C &% [k L] PO

Fig. 1 Initial BC 20110007142

435_21218035

TUV Rheinland Energie und Umwelt GmbH

Solar Energy



A TUVRheinland®

Precisely Right.

15/ 31

T T 1) T T T T T T T 1) B

1 1 1 1 1 ] 1 1 1 ] i -

1 1 1 ] 1 ] 1 1 1 1 L] ™

1 1 ] 1 i | i 1 i 1 | i

' | ' ' | i | 1 ' 1 ) d

) ) { ' ' 1 ' ' ' | ' E

) \ I ] ] 1 | 1 ] 1 )

] ) ] ] ] 1 ] L] 1 ] 1
llllll B ] R R R ekt skt et =) -1 +

1 ) | ] ] 1 ] ] 1 1

' i | 1 ) ) ) 1 1 1

1 ' 1 | ' 1 ' ' ' '

1 1 1 I ] 1 | 1 1 |

1 1 i 1 1 1 1 ] 1 L]

1 1 1 1 1 1 1 I ) 1

1 1 1 1 i | 1 ] I 1
N D, | (. | U | DO N | R, 1 1 1

] T ¥ a T ¥ T r ] T T

| i 1 1 | | | i ] 1 )

' ] ] ] ] 1 ] i 1 1 ¥

i ) | 1 ) 1 ' ) 1 1 1

| 1 | ! | 1 ) ] 1 1 1

1 i 1 | } | ' ' 1 | 1

1 i 1 1 ' 1 1 i ' 1 |

 SSRPORIS SUNPRME SN EVPUUHN SIS AR R S MU SO S ;.
||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| o

1 1 | ] | i | 1 1 e %

i 1 | | | | 1 _Lll11L|_1|111\J 1

| ' ' | i | i L v [ 1

1 ] ] ] ] ] [} 1 1 [} 1

) 1 1 ' ' ] 1 i | )

] ) | _\\\\rll;.\\.“ i | i | ]

] 1 1 ] 1 1 1 1 3 1 ] o
IIIIII LIIIIII.FllIIIl.IIIlII..u_IIIIII.—nllllII_IIIIIILIIIIII.FIIIIILI|IIIIPI|I|II—IIIlllcD.

| 1 L | | | 1 ] 1 1 1 s

1 ) ) ] 1 ] ] ] i [}

1 1 1 1 ] 1 ] ] 1 1 1

1 1 1 | 1 | 1 | | 1

1 1 1 1 1 i i ' 1 | 1

| ' ] 1 1 i 1 ' 1 1 i

1 ] i 1 | 1 1 ] 1 | 1 L

| | \ i ) | 1 1 \ 1 ' =
||||||||||| e i i s E i i Tt EE T B SRR i

[} ] ] | ] ] i 1 ] [} Wi

\ 1 ' i 1 1 1 | \ ' '

' \ ' ' | 1 1 1 1 ' '

] ] ) 1 i 1 i ! ] 1 |

' 1 1 ' ' ) ' 1 \ | i

V ) ) 1 1 ' ' ) 1 1 )

] | t ] ] I i ] \ | ' o
IIIII B el kil e e T B R A el L e L ik T L R T TR s

) 1 1 1 | | 1 1 ] 1 1

1 1 1 | | | | 1 1 i |

| 1 1 1 ' 1 ) 1 1 i i

1 ' 1 | ) 1 t 1 1 ' 1 -

1 1 1 1 ] 1 1 1 1 | 1 e

1 1 1 i 1 ] 1 ' 1 1 1 ?

! ' ! ! 1 ! 1 ) ! | ! a
B e I S .n |||||| ._. |||||| S - Fam--- e ._. |||||| - nn.u.l.

1 1 i 1 1 ' | 1 1 ' ' M

\ ) 1 ] 1 | i 1 ] ' ' h

1 1 1 | 1 ) i 1 1 | | a

) ) ) | 1 ' i 1 i ] ] o

| ' ' ' | 1 1 1 ] 0 ' =

1 1 | | | | | i ] 1 1

) 1 1 ' \ | | i . 1 |
llllll e e e e e g m e —m —————— = = e e e e o o e = ]

1 1 1 1 | 1 1 | 1 1 1 |

) ) \ V ) 1 ' | ' 1 1 A

1 ) 1 ] ] ] ] 1 (] 1 ] N

1 ] | 1 ] 1 | | 1 1 1 L]

| i | 1 1 1 ] ' 1 | 1 «

1 i 1 1 ] 1 ] 1 1 1 1 i

| i 1 | | I | ] 1 i 1 ~
|||||| S PRV G ENOUPEPUNOS (R ST NI S R [ WPEPTRUR SRR NP S

1 [} 1 1 1 1 ] 1 1 1 ] o ]

1 1 1 i 1 1 1 ] ] | 1 Q

1 1 1 1 ] i 1 ] 1 1 1 [}

1 1 1 1 1 1 ] 1 1 1 1 i

| ] 1 ] 1 ] 1 | ] 1 1 o

i 1 ' ] 1 1 1 1 1 ' 1 N

1 1 1 1 1 ] 1 ] 1 1 1 ] .

] 1 | ] 1 | 1 1 ] ] | =
|||||| ._||||||<||||||.||||||._r|r|||1|u|.i|_||||||..||||||1|||||..||||||._.||||||1||m|n 3

1 | | 1 ! 1 1 1 ) | | i

| ] ' | | | | 1 1 1 ] [

] ] 1 ] ] ] 1 1 ) 1 [ I

' 1 | ' ' 1 1 i ' 1 ' jad

1 1 1 ] 1 { | i i 1 | =

] ) 1 ] 1 ] ] i ] 1 1

1 1 | 1 ' | ' 1 1 1 '
|||||| Rl e etk B e i L e e B e e T TR

i ] i i 1 1 ) | | 1 I v

' 1 ' i 1 i 1 ] 1 i 1

] 1 1 L] 1 1 [} ] 1 1 1

] 1 ' i 1 1 1 | 1 1 1

1 ) 1 ] ] 1 ] 1 1 1 1

1 i 1 I ] 1 ] ] ] 1 1

] 1 | i 1 1 | 1 1 ] |

! ) ! ! ! ! 1 ) ! ! i
V) 3mIzs o' R 5'F 3t i &'t T [<hid 1 [ { LN o

435_21218035

Fig. 2: Initial BC 20110007143

TOV Rheinland Energie und Umwelt GmbH

Solar Energy



16 /31

A TUVRheinland®

Precisely Right.

I N T

E et e e s Rt b e e e e e e e e

[EEEE L

T

e R Attt

") phuiniahainiuink Selintadeiebabsly nlniaintbebel ehnteiebatts S

S e R SRy Sy ———

f¥) usxIms

&
w

u
-

o
-

T 1 T T T T L] .
] 1 ] 1 1 1 [} =
] 1 1 ] 1 I )
| 1 | ) ] 1 1
' 1 ' 1 1 i V @
] 1 ) I 1 1 '
1 1 1 1 1 | t i
' 1 ' 1 ] | ' 4
o ———— —t - 3 —————— o= ———— - b——— -] e = -
1 1 1 ] 1 | 1 4
] 1 | i 1 1 )
' 1 ) 1 1 1 '
] 1 ] 1 1 | 1
) 1 1 | \ 1 1
' ' 1 1 1 1 1
i | ] 1 | 1 | B
| SO | ) o | R, | S L, { I s
r ) T r bl T ¢ S
1 | ] 1 1 | 1
i | 1 1 ) 1 '
] 1 1 1 ] 1 1
| | 1 1 | 1 |
| ] 1 | ] 1 1
) 1 1) 1 1 1 1
SR RO SO SIS SSPIN RRS SY
IIIII R e el e i e e it skt ettty (51
1 1 1 1 1 Ilul.iu....ll..ll.l.l..l_. S
] 1 | 1 ) 1
| i _i..ll..llrl\..lll].. 1 +
] 1 + 1 1 1 )
\ — 1 1 1 | '
— 1 I 1 1 1
) | ] 1 1 1 1 o
L a - e ——— L e—— - - ————— P | R —— =
] 1 ] 1 | ] ] @
] 1 ] 1 ' 1 '
' 1 1 1 1 | 1
| 1 ) 1 | 1 1
] 1 ] ) i 1 )
1 1 1 ] 1 1 )
] | 1 | 1 | 1 )
1 1 ] 1 1 I U o
=== _-mess= FE===== === asss=== T=====" re====1 0l
1 1 1 | i ] | &
1 | 1 ] i ] 1
1 1 1 ] 1 1 ]
1 | ] ] 1 ] i
1 ) 1 ] 1 1 1
i ] 1 1 1 ] 1
| | ] | | | 1 o
b= m——- —_————— b - bo———— A — - - ———- ————- a
1 ] i ] 1 ] 1 -
1 \ 1 | t | 1
1 ] ) L] ) ] 1
1 ] ) 1 1 ] 1 -
1 1 1 | 1 | 1 b
| 1 ) 1 ) ' 1 o
1 | 1 1 1 1 1 3 &
] ] d
e T S e e o
' 1 ) 1 ' | 1 »
1 ' ) | 1 1 1 u
1 1 ] 1 1 | 1 o
] i ] 1 ] 1 1 I
1 1 1 1 ' ' § =
S N A A N A :
! 1 i 7.
r-——-- - ————— t-———-= Fo———= 4-——-=-- r————= 1||h.“||...‘”
1 | 1 1 | 1 \ "
| 1 i } 1 \ 1 Wy
] 1 ] ¥ ] ] ) N
1 1 | | 1 | 1 «
| 1 | 1 \ I ] M
1 1 ] ] L] ] i
\ | 1 | | ] ] ~ =
Lo { . decee e | . [ S deemmm R~ N
] | 1 ) 1 | ) © b4
] 1 ] ) | ] 1 <
1 ] 1 1 ] ] 1 “
1 1 1 ' 1 ' 1 A
i | 1 ) 1 1 ) o
| | 1 ' 1 ' 1 N
1 t ' ] 1 1 1 1.
| | 1 | 1 | 1 ] A
r-==== —=——-= - Fo==== === To—ome [ el alals I
1 1 ' ' 1 ' 1 )
1 t ' 1 1 1 1 I
[] ] ] ] 1 ] ] -
1 ] ] 1 1 1 1 2
| 1 1 1 1 ] 1 a
| ' ) 1 1 1 '
1 ' 1 1 1 1 ' =
- —_————-— +mm————— Pom———— Hem————— R it = —— - - .
t | 1 | ] | i 1+
i 1 ] 1 ] 1 \
' 1 1 ' 1 t )
] | 1 ] | | ]
1 1 1 1 1 1 ]
1 1 1 1 1 ] 1
| | 1 ) 1 ] 1
1 ] ) 1 1 1 1
a'g PN 3t or 61 b1 “8 uh

Fig. 3: Initial BC 20110007144

435_21218035

TUV Rheinland Energie und Umwelt GmbH

Solar Energy



UVRheinland®

A

17 /31

Precisely Right.

T T
== —— -

1
I
e

T
1
1
]
T
1

4
1
1
[}

T
i
]
[}
)

o
1
1
I

T
I
[
1]
]
I

T
I
1
i
]
1

T
1
1
[}
]

,
i
[}

T
1

T
1
1
|
1

T
]
]
Itk b it ctede e e e e
H H
[} [}
' 1
RPN S5 SRy T RPN SR PR SR
)
|
]

QP § NN .

T T T T T T T T
B T B Ty .

————pm————
[}
[}
[}
bemembera

R R -

r==—=—=—r-—--r=--=-=
[RPNIDEN EPEPE NI WP

e i T ISP, Sy

-==r
'
}
]

1
1 ' 1
I 1 1
1 ) 1
[ S U |
T a ] T
1 ) 1 1 1 |
' 1 | 1 ' '
| | 1 1 | |
) 1 i i I )
Y Y Py Syuye SVyEy. NEEVEN
1 ) | ! 1 1 |
1 1 | ) [ 1 1
1 i ' 1 1 1 '
] 1 ! | i | |
B Satnbads held bt bt e e
1 1 ' 1 ] 1 ]
1 1 I | i | 1
1 1 1 ] ] 1 1
| 1 1 ' ' ! 1
I e s iy it sl Bt
' 1 1 ) ' I
' ' 1 | ' 1
| | I 1 1 )
] | ] ) i
- ———pe—-t -—--r---v
| | | | i
| 1 | 1 1
1 1 | 1 '
1 1 \ | 1
- ——— ———— TP S
I I 1 | 1 |
! 1 ) ' ! 1
1 1 1 | 1 1
' I 1 1 \ )
e - e ] e -
| 1 1 I 1 1 1
1 ' 1 1 ! ' 1
] ] 1 1 1 ] ]
| | i 1 I | 1
bttt T L B SRt ]
] ] 1 1 1 ] ]
| 1 | I 1 1 \
1 ] ] 1 } [} ]
1 ] ] 1 1 1 ]
AP PEPI PRIV NPV & 1
1 V [ [
1 1 1 1
1 1 1 1
1 1 ) )
Lo—-1
I 1
) 1
1 1
! |
1
1
1
1
]

1
Lo

T
bm——

T T T T T
D e i S PR PR S

1
I
1

e

[P, S .

]
1
]
- e
t
[}
I
e

]
]
]
]
1
1

ittt nfinteteies ainfinie nibabeteied nisiebiel oSt aintnind

-
1
]
[}

B L LT T pupp—

i
I
1
-
[l
[}
1

]
[}
1
iinbaiel nteintaied afebaindel stafetaiel dethefedet it Sfintnt Sbabndinds Safadedads Entedded
[}
1
1

I
I
I
1
1
1

i
I
1

I
I
!
!
1
1

I
1

SN EOURNS RN U SN SUPIUIN S I RO I
i

L_--_L___._J...--_J._--_.:.____J___-J_--_J-_____

.
[

D o D ST S NRpVRSRRpES SURNRpURPRY BPRpUN SN NS U 1 S DO,

%

w
[
w
e
]
3]
£

5.0

3.0

Initial BC 20110007145

2z.0

b
i

1

1

I

1

I

N PR )
1

I

1

1

—n

1

1

Fig. 4

435_21218035

TUV Rheinland Energie und Umwelt GmbH

Solar Energy



18 /31

A TUVRheinland®

Precisely Right.

T T T T T 1 T
] i 1 1 ] 1 ]
1 1 1 ] ] 1 (]
| [ 1 I 1 i 1
] 1 1 ] ] 1 ]
1 1 1 ] ] ] ]
1 I 1 ) 1 1 1
] 1 1 1 ] ] ]
b ————— -] - + o ———— o o——— - ol - - —— - b= = ] 5
1 1 I ' 1 1 1 @
] 1 1 I ] i ]
i 1 ! ] ] ] 1
1 1 I I 1 1 1
] 1 ! t ] ] ]
] 1 1 [} ] i ]
1 I | | | 1 1 18
. L ! L [N |, | SN [ IpEp—
i | =T T T r A T T 2
1 1 1 I 1 1 1 .
] 1 1 1 ] i ]
1 ) i ] 1 1 1
| 1 1 1 1 1 |
] 1 1 1 ] i ]
1 ] 1 1 1 1 ]
1 [ 1 1 | | | ‘
|||||| Am—m—m—— 4 B T P B i Staba b S L
L R N Ry,
1 1
i | I _..llli..Lll..i......“ |
i 1 =" ' 1 '
| ] + ] 1 1 ]
] | — | i 1 i 1
] 1 1 ] 1 1 ] o
llllll Ao -——d R T w 1]
[ | I 1 | 1 1 | g
1 1 L] 1 ] ] 1 ]
1 1 1 1 ] ] 1 ]
1 I | | 1 1 1 1 1
1 1 ] 1 ] ] ] 1 ]
1 ] 1 ] 1 ] 1 ]
1 1 1 0 I 1 | 1 1 i
1 ] [ [ ] [l 1 I 1 =
IIIIII aTm=yYesTT A ™ b Badededabatel sk Itk Sanbaibaiii insheianheiay €1}
1 1 1 { 1 1 1 1 1
] ] 1 [} ] ] 1 ] 1
] 1 | 1 1 1 ] ] 1
1 1 1 I 1 1 1 1 1
] i ] ] ] \ [} ] 1
] 1 1 1 ] ] | 1 1
[ \ 1 ! 1 1 1 ) 1 [
llllll e -———— 3 - = dmmmc ek e ramd e e e e m——b . —————
1 ] I 1 ] 1 ] 1 ™
i 1 1 1 1 1 1 [
| 1 ] 1 ] ) ] 1 Q
1 1 ] 1 1 ] (] t [}
1 I | i I \ 1 ) M
1 i i 1 1 \ ) \ 1]
1 ' ' ! | ! 1 1 @ I
...... mmemt fremeeet s s Sl ERRERE S 2 &
1 1 ] [} ] ] 1 ] 0
] ] 1 I ] 1 1 ]
1 1 1 | i 1 1 IS
1 ] i I ] 1 1 i
1 ] 1 I ] 1 1 i
| 1 1 1 1 1 1 1 b
1 1 1 1 | 1 1 i .
|||||||||||| H 1 - S U SV OU. PUGEGUp, IOy S §
! T A A
] 1 1
“ L A -
i I | ] 1 | 1 | ~
\ 1 1 ] 1 I 1 1 o
| 1 I 1 1 1 1 1 © (.
N | P dommama | S, [S P, Lecaea PO R, . | P . dm e m | I = N )
i 1 \ 1 ] ] 1 1 1 ] ] ] p
I i 1 1 \ 1 1 I Il | i Bl
{ 1 ] 1 ] ] 1 1 ] ] ] Q
t 1 1 ] ] ] 1 I 1 ] 1 o
I 1 1 1 \ 1 1 ) 1 1 |
t 1 1 b ] ] 1 ] 1 1 ] Q
W | 1 \ 1 ] 1 ) ' 1 1 =) .
I 1 1 | | | i ] | 1 |  _ |
llllllllllll ._-lllIllﬂvlllllJ'lIIII‘!llllII-II.IIIlJ.II|II|_|||II|I—|.III|I._.|II|||q||l2ll|T
1 1 1 1 L] 1 I ] 1 1 i =
1 | 1 | 1 1 I 1 1 1 1 m
i [} 1 ] (] ] t ] L] ] 1 Ie]
i i i i i i i i i | i
(]
| ] 1 1 ] 1 ] 1 ] ] 1 =
I ] 1 ] 1 1 ] ] 1 L} 1 P
||||||||||||| e m e mmm e A m ammm e m e m m o mm A mm—— e mm = = = o
i 1 1 1 1 1 1 1 1 1 1 =
1 1 ] 1 1 ] 1 ] 1 ] 1
1 ] ] 1 1 1 i 1 1 L] 1
| 1 1 1 1 1 1 1 1 1 1
1 1 1 [} t ] 1 1 ] 1 1]
1 1 1 ] ] ] 1 1 ] 1 ]
| 1 | 1 1 1 1 | 1 1 1
1 ] 1 L [ i 1 L] [ 1 [
¥) suatamg o5 <t [ R aF 57 By [ 31 % & &6

Fig. 5: NM 2400 Pa BC 20110007144

435_21218035

TUV Rheinland Energie und Umwelt GmbH

Solar Energy



A TUVRheinland®

19/31

Precisely Right.

T T
R S

T
1
i

] ]
i H

T
1
]
]

]
f
1

T
]
|

B e il

T
'
I
]

T T
[} I
I |

T
'
1

el atehatet ettt ittt Sebebaed bbbl Dl Bl

[}

1

I
—_—— |II|"IIII

[}

|

1
————t

T
T R [y SEpU R SN,

T T T T

————pe———pm——-

T

—_————————

T T T

et mmafeae =

hnintated i it Sataieinh Anbeininh Safefiaiads Sedebefeds Sefdesinds badedindede Infeatadides huledesied

RIS

P
-
>
w
s

-
L

Toltage jv)

2.0 34.0

30.%

10.8

2.0

6.0

NM 2400 Pa BC 20110007145

Fig. 6

435_21218035

TUV Rheintand Energie und Umwelt GmbH

Solar Energy



20/ 31

A TUVRheinland®

Precisely Right.

T T T T T T T T T T =g
1 1 1 ' ' 1 ' 1 T 1 a
1 | 1 ) ' 1 1 1 1 ) &
1 1 1 ] 1 1 [} 1 1 1 I
i 1 | ) i v i 1 1 i w
1 1 ) 1 1 1 ] 1 ' ) o
1 | t ] 1 1 1 1 | 1 ¥
1 1 1 ' 1 1 ] | ' ) B
llllll B P T = LIIII"—-I'IIlLllllllfllllllrlllllA..-
1 t I ) [} 1 1 1 ] ] P
I 1 1 1 | 1 ] 1 I 1
1 1 1 ] 1 ) 1 i 1 1
1 1 1 1 i ! 1 1 1 1
' 1 1 ' 1 1 ' 1 1 1
) 1 1 1 ] 1 1 1 1 1
) | | 1 1 1 1 1 1 I ;
||||| N U S | i | N TOSNRRINN VNNV NEVEDIPIVIUN EUNUIUEIRD
M- 1 T | 3 T 1 r 1 T (n 12
1 1 1 ' i 1 ] 1 ! i =
) 1 1 ' 1 1 1 i | '
1 1 1 ' i 1 1 1 1 1
1 1 1 t i 1 | 1 1 ]
1 1 1 ' ] | ' 1 i '
) | 1 ' 1 1 1 1 1 '
1 1 1 ] 1 | | 1 1 1 :
|||||| Ao mmm b o - - SO DIy UV SUpRPRPRPE B
) ' 1 1 1 1 ' ! 1 V -
] i I 1 1 | 1 1 Tt el
1 I | ] 1 1 1 "} 1
] 1 1 \ 1 _1.1\..1].._.111.11.1_ } ]
) | 1 1 1 ) 1 1 ) ]
1 1 1 ) 1 | | 1 1 1
) | 1 1 | 1 | 1 ) ' @
|||||| J P S S | decm el el cee o
1 1 i 1 1 ] 1 ) 1 3
] ] ' ] 1 ' | 1 ] ]
' ) 1 1 1 1 1 ' 1
1 | ] | 1 ) i I ] 1
1 ] 1 1 1 ' 1 1 1 1
1 ' 1 1 ' 1 1 ' 1
1 1 1 1 1 | 1 ) 1 1
' | \ 1 1 \ 1 i ' 1
p-———-= B Ittt T == bl r == r-=-=-- am———-- T { ity £
[} [} ] | ] 1 | ] [} 1
' | ' i ' 1 1 | ] |
' 1 \ 1 ) ' | ' \ 1
[} 1 [} 1 [} [} [} [} [} [}
) 1 I 1 1 1 ' 1 1 1
v 1 i 1 ' ] \ ' ' ]
1 1 1 | 1 i 1 1 t @
|||||||||||| S S | - e T T T
1 1 1 ' 1 1 ] 1 1 "
1 | 1 | 1 | 1 1 1 ~
) 1 | 1 ' | 1 1 1 ] L)
" 1 1 ' 1 ) ' | 1 \ o
i I | ] [} 1 1 | 1 [] M
' 1 v V 1 | 1 i 1 1 U
“ 1 “ 1 1 1 ' ! 1 ) o .
|||||| _||||||+||||||ﬁl||||+ + +||||||T|||||¢|l||||+||||||T||AW|,1
1 1 ) 1 1 1 1 1 i 1 h ’
" ' ' ) 1 ' 1 | ] ) i
1 1 ) [} | 3 1 I ] 1
' 1 ' 1 1 ' 1 1 ] 1
1 ' \ 1 I ' 1 1 ] 1
1 1 1 1 1 ) 1 1 1 1 o
1 ' 1 ' 1 ' 1 I | 1 a_le
|||||| H=—=———f—=————p————- r A-m—mempemmem—dr———— - pm—mm- o -~ - 4
1 ] | i [} 1 ] ] ] 1 M L
1 ] \ i i \ 1 | \ ] -
| \ | ] } 1 1 ) ] 1 <«
| | 1 1 1 | 1 1 | | el
1 ] [l 1 ] 1 1 [l ] 1 [nd
i | 1 1 | | 1 1 ] 1 =
i i | 1 ] | ] | 1 | o o
|||||| S SR NN | L [ RN SPUPERUPUNON DY SUNU S - SP Y
| 1 [} 1 ] [l ] [} 1 ] [l “
1 1 1 1 1 | ] 1 1 ¢ Pl
1 | 1 1 ' 1 ' 1 1 [} Q
1 1 1 1 1 1 ' i 1 1 n
] 1 1 i | 1 1 1 1 1 |
i 1 1 ' i 1 ] 1 1 ' )
) | 1 ) 1 1 ' 1 t 1 o
; | | ) 1 | 1 | ) ) -
f = A=====- T === f=——— ] r T=-—--- o fHu===== To=——— il el 1=
1 ] ' ] 1 t 1 I ) ) )
1 1 | 1 I 1 1 1 1 1 &
1 1 ] ' 1 i 1 1 ' ' c
] 1 1 1 1 ' 1 ' ] 1 a
1 I ) | 1 1 1 ' 1 1 I
1 ' 1 1 | ] 1 V 1 1
[ ] ] i ' | 1 ] \ 1 -
|||||| - S P S S UGUr SUGUOHPPEPI Sp UL ISRy PRSI SPRP RSP SrY
1 | 1 ' 1 1 | | ] | 1 L
1 ' ] i | ' ] 1 1 1 '
1 ' 1 ' \ 1 ' ' ' 1 ]
] | 1 1 ] [} ) ] [} 1 ]
) 1 1 1 ' 1 1 | i 1 [
1 1 ' ' 1 1 1 ' 1 I '
] 1 1 ] | 1 | | 1 ' |
1 I I ) I I I ! ! ! )
V] uaIm 'S Sk Sk 3 &1 5f P 4% &1 '8 R

Fig. 7: NM 5400 Pa BC 20110007144

435 21218035

TUV Rheinland Energie und Umwelt GmbH

Solar Energy



A TOVRheinland®

21/ 31

Precisely Right.

T T T T T T T T T T T T T T T T \ [ =4
et siutesiudis Ebebn libenbll sl denbedees afinleniel et sbnibends Sndeniedies snfeindend sheinsend Shadeded hudededen sliedebell shaledef £ | il ghubl ¢4

1 1 [] 1 1 ] ] ] 1 1 ) 1 1 ) 1 1 ] ™

.

' | | | 1 t 1 ' 1 1 1 1 1 1 1 1 "] o)
St sttty el S e B e et D e e B e L il stk 14

1 ) 1 i 1 i 1 | 1 ' P ' ) I e I b

1 1 ) 1 ' i 1 1 | 1 1 1 T 1 |

I I ] [} [} 1 I [} [} ] ._\—\\_ ] ] ) [}

1 1 i ' i 1 1 P | == 1 ' 1 1 1 1 o
g R U S Y T e g T R

1 1 1 1 1 e 1 ] 1 i | ) 1 -

i 1 1 1 1 1 ) ] ] ' I ) '

' 1 1 1 ' ' 1 1 1 ' ) 1 1

S I S S SO SN SOV SO SO S U SO S :
b et e ———edemme k- e o S ) N N N M

] ] 1 ) 1 ] 1 1 1 1 1 ' ] ] ) "

1 1 .\_ 1 | I 1 ' 1 1 1 1 1 1

) 1 1 ] 1 ] 1 ) i 1 ] 1 1

1 ] I ] ] 1 1 ) 1 1 i 1 1 €
S + | PR SV USRI PRV [ UGV FpRpup SO SOy i ySqu, R

1 i ] i 1 ] 1 1 ] ' 1 1 ] ] -

i 1 ] ] 1 ] [] 1 1 [} ) 1 1 1

| 1 | i 1 | ] 1 1 1 1 1 1 1

' | ] ' i ] ' ] 1 1 ' 1 1 1 5
R T i _Illlrllln—llllrlll-ulll.rl.llLllll—llll-ulll.rllll_lllIIII.nm

) 1 ] [} [} 1 1 [} ] 1 ] 1 1 [} “

] I 1 1 1 1 ) ) ] [} 1 1 1

1 1 1 1 1 1 1 ] ' ' ] ' I

] ] 1 ] ] 1 1 1 ) 1 1 () ] ] >
F——L 4 1 | UGG g QN S IO [ UIQUIQUg U W QI (Ui Gy S

1 | 1 1 | ¥ ] ] ] 1 ] [ ] ] I ] &

1 1 1 ] 1 I 1 1 1 1 ] 1 1 1 | '

| 1 ] 1 | | ] ] ] 1 ] ] 1 1 ] ]

1 1 ] 1 1 1 ] ] ] 1 ] ] 1 1 ] 1 o
L cmbacad L 'S <4 { VOV EPPEP NSRS NP UpHGUY IS NIy I IR DU Ui Sy

-0 1 ] 1 i i | \ ] ] 1 i ] 1 ] 1

1 i | 1 ] I 1 1 ] ) 1 ) ' 1 1 )

1 i 1 (] (] 1 1 ] ) 1 1 1 ) 1 | 1

1 1 1 ] [} i | ] I ] ] 1 ] 1 [} 1 &
QP Ty S PR U L L ) { NN N SN S HNIIPUTS [NPIVNI |G VSN Uy U S PN N SN M

v i ] 1 v | v i 1 v ' ] | ] ] | ) ]

1 | 1 1 1 | 1 1 1 | \ i 1 1 1 1 1

) 1 | i i 1 ] ] 1 ] ) 1 ) 1 ] ] }

[} 1 1 1 1 ] 1 ] 1 1 [} ) 1 1 ) ] I &

L 1 [} | | I () 1 i 1 [} ] i [} [} 1 I i
it 0 i Ity il sk Senhbin Snbateiy hnii shuiiath Setathaiie nheiaiet st Stk b I st S hnhaiid i £

1 ' ' 1 1 1 ' 1 | 1 1 ] 1 1 ] 1 ] i

| ] [} [} 1 I ] ) i 1 1 ] ] 1 ] 1 1

1 1 1 ] 1 1 1 1 1 1 1 i ] ) 1 ' 1 L

1 ] ] ' ' | 1 ' ' 1 1 i ' ' ' ] 1 =
[t 0 e by el itk Eenbiiy ubei b neninteni Sianiii At St dhutnbati hbafiiey mbebind bty By Iebi S 5]

1 1 1 ] i 1 1 ] ] 1 i i ' 1 i 1 1 il [

1 1 1 ' ' 1 1 ' 1 ' 1 1 ] ] 1 1 ' 0

1 I 1 ] [} i | ] ] ] 1 1 1 [] 1 1 1 I -

1 i 1 ' | | 0 | [ 1 1 1 [ 1 | | I =
F——ro==a-==-m===p===7—==n=-==- (il et Rt el e s St e e B e 1 R B

i 1 1 1 | 1 1 i \ ] 1 1 1 1 | 1 5 -

' 1 1 | ' 1 1 ] i 1 1 ' \ 1 1 1 &

] 1 i 1 ] 1 1 t ) 1 1 1 ) () ] 1 0

] 1 1 1 ] 1 i | ] ] 1 1 1 ] ] 1 { hed
== ===q===—===-p-=-1 (et Sutmins iafet st Sy hel e s e e il ik

[} ] 1 ] 1 1 1 [ 1) ] ) ) 1 ) ] 1 -

1 ] ] i 1 ] 1 1 1 1 ) 1 1 ) 1 1 -

| ] [} | ] ] [} [} [} [} ] ] 1 ] [} ) o

1 i ' i 1 | | | ) 1 1 1 \ 1 1 | o _ 1=
[N PO S R s s s St S e e e

1 | 1 1 | | 1 | 1 1 ' | | 1 1 1 "

1 1 1 ) \ 1 ] ] 1 ] | i ] 1 ) ' ik

1 1 1 | \ 1 1 | ] 1 1 . 1 1 ) 1 [T

1 1 I [} [} 1 I ] ] [} [} 1 ] ] ] [} i )
e R ikt ST L e e ] e B Ry s it Mok 54

] ] 1 ' 1 1 1 ) ' ) ' 1 ' ] | ' [© "

1 ] 1 I | | | | i [l 1 1 1 1 1 ] o

] | 1 1 1 1 1 ) ] 1 1 1 ] I ! 1 o

1 ' 1 1 1 ' 1 1 1 1 1 ' ' 1 1 1 al ®
f~— bt e ——— ¢ - e el Bt Sl R ot il Et e e el et B

] [ 1 I I ] 1 1 | 1 [] 1 1 ] 1 1 1 =] -

1 ] 1 1 1 1 ] ] 1 ] ) ) 1 [ ) 1 ) (1

i 1 | 1 1 1 ) { | 1 1 1 1 1 1 1 1 ]

I 1 1 1 1 ] ] 1 1 1 ] 1 1 1 i ] 1 (=] @
S o e R et e o e e e e S e k] = s 1

1 ] 1 1 1 1 1 1 1 1 | 1 1 ] ] ] 1 e u

1 1 ] [] | 1 ] 1 1 1 1 ) 1 1 ) 1 1 [y

1 ' 1 1 1 ' ) 1 1 1 1 1 1 ' ] ' 1 )

1 | i 1 | 1 1 ] ] 1 1 1 1 1 ] 1 1 7 .
N |ILIIll—lIll_llll.—.lllLlIll.l'llflll.—llll—llllflll.—.lllLlllLlIIl—-lIIL.IllI-IlIIn.\llu .

1 ' | ' 1 1 I ] ] 1 ] ] 1 ] 1 ] ] o -

1 1 ] ] [} | 1 | | 1 1 1 1 1 ] 1 ] -

i 1 1 i I 1 1 ' | v ' ] ' ] § ' ] i

' ' | ' ' 1 1 1 ' ] 1 1 1 1 1 ' 1
ISP S VR M S QU JRpN I Sy S QU SURpRpEY RPN SN JP SN S SEPI M SR

1 1 1 ] ] ] ] 1 [ ! 1 1 1 1 ] ] | i

1 ) 1 1 1 1 ' 1 ' ' 1 ] ] ) I 1 '

1 ] ] 1 [} 1 1 1 1 ) ] ] 1 ) 1 1 i

1 1 1 1 ) 1 1 1 | ) ] | ' i ] ] ]

1 i 1 L 1 I 1 1 i I 1 1 1 i 1 1 1 “

T ] 1 i ) ] ] 1 ' ' ) 1 ] ) ] ) ] v

1 I 1 i 1 | | i 1 1 1 1 1 1 1 1 |

1 1 1 1 1 ] 1 L] ) - l ] L 1 ] 1 1 i
(v) sy B LR I S Y T T T XY

Fig. 8: NM 5400 Pa BC 20110007145
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Annex 5: Electroluminescence picture
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Fig. 11: Initial BC 20110007144
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jg. 12: Initial BC 20110007145
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g. 15. NM 2400 Pa BC 20110007144
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Annex 6: Photos of modules and visual defects

Hareon HR-220P

Fig. 18: rear view of test sample
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Fig. 19: detail view of solar cell Fig. 20: detail view of type label

Fig. 21: detail view of closed junction box Fig. 22: detail view of connectors

A

Fig. 23: detail view of cables Fig. 24: detail view of frame corner
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Suntech STP185S-24

Fig. 25: front view of test sample Fig. 26: rear view of test sample
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Fig. 27: detail view of solar cell Fig. 28: detail view of type label

TOV Rheinland Energie und Umwelt GmbH 435_21218035
Solar Energy



29/ 31

A TUVRheinland®

Precisely Right.

Fig. 29: detail view of closed junction box Fig. 30: detail view of connectors

Fig. 31: detail view of cables Fig. 32: detail view of grounding mark

Fig. 33:mechanical load test setup Suntech/ TRI- Fig. 34:mechanical test setup Suntech / TRI-
STAND Aero 80 (total view)

Fig. 35: deflection PV-module 2400 Pa pressure Fig. 36: deflection PV-module 2400 Pa tension
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Fig. 37: deflection PV-module 5400 Pa pressure Fig. 38: Detail PV-module 5400 Pa pressure

Fig. 39:mechanical load test setup Hareon/ TRI-  Fig. 40:mechanical load test setup Hareon / TRI-
STAND Aero 100 (total wew) STAND Aero 100 (mounting points)

Fig. 41: deflection PV-module 2400 Pa pressure Fig. 42: deflection PV-module 2400 Pa tension
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Fig. 43: deflection PV-module 5400 Pa pressure Fig. 44: Detail PV-module 5400 Pa pressure
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