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1 Introduction

In 2010 - 2012, the Institut fir Eignungsprifung (IFEP GmbH) evaluated results of a
proficiency test which was organized in the framework of the EU funded QAIST
(Quality Assurance in Solar Thermal Heating and Cooling Technology) project.

12 laboratories participated in this project.

This proficiency test was planned, carried out, assessed and documented in this
report on the basis of ISO/IEC 17043 “Conformity assessment - General
requirements for proficiency testing” [1] by IfEP GmbH. By 11" April 2011 (date of the
deed) the IFEP GmbH got certified to have the competence to work in accordance to
this worldwide valid standard.

Acc. to EN ISO/IEC 17025 [2], chapter 5.9, a laboratory shall have quality procedures
at its disposal, which are able to control the validation of done tests. The yielded data
shall be recorded in a way which makes tendencies visible. Where applicable,
statistical techniques for the evaluation of the results shall be used by the

participants.

The coordinator of this proficiency test is Dipl.-Ing. Christian Wei3muller,
DaimlerstralRe 8, D-45770 Marl, Phone +49 (0) 23 65/ 209 00 09.

This final report overall covers 114 pages (including 22 pages report and 92 pages
annex) and was authorised by the head of the institute.

The purpose of this report is the presentation of results and performance of the
participants. The report is valid with certificate only. A third party issuing of the report

is only allowed with permission of IfEP. The content is not for confidentiality.



2 Program

2.1 Test procedure
The tests should be performed according to EN 12975 [3] and 1SO 9459-5 [4]. Two
different collector types / systems were used per standard:

e 12 collectors type FPC, Buderus,

e 12 collectors type ETC, Ritter,

e 9 systems, thermosyphon, Solahart,

e 9 systems, forced circulation system, Vaillant.
The collectors / systems were send to the laboratories in 2010, the test period was
one year. After this period, the collectors / systems were send directly to the next
participant, where they were retested in 2011. The sending of the collectors /
systems were organized by the members of the QAIST group.

IfEPs main part was to collect the data and evaluate and asses them.

2.2 Participants
The proficiency test was exclusively done for the members of the QAIST group (see
table 1). Additional three participants were accepted. They are not influencing the

results of the statistical evaluation.

Table 1: QAIST participants coming from the following countries
Austria 1  Germany 5 | Spain 2
France 1  Portugal 1  Sweden 1
Greece 1 = Poland 1




2.3 Homogeneity Testing

The homogeneity testing was not done before the start of the proficiency test. All
material used was directly taken from the manufacturer, insuring that they come from
one batch. By testing every artefact twice, it was easily possible to find deviations in
the result caused by the heterogeneity of the artefacts. As there were no such
effects, the material was suitable for the use in this proficiency test.

3 Statistical design
The statistical design is based on ISO 13528 [5] and ISO/IEC 17043 [1].
The deviation of laboratory’s mean MW, value from the assigned value X was

evaluated.

3.1 Determination of assigned value

The assigned value X is determined as a consensus value of the results of all
participating laboratories of 2010 and 2011. It is calculated as a robust mean value.
For each test parameter an assigned value was calculated. The respective assigned
value X is the median of all laboratories results MW as. The values of the additional

participants (Lab. 14, Lab. 15, Lab. 16), are not used for the following calculations.

The normalised interquartile range (nlQR) is used as standard deviation for the
proficiency assessment 6 (nIQR):
nlQR = 0,7413 (Q3-Q1) (1)

75 % of all values are lower than Q3, 25 % of all values are lower than Q1.
(Q3-Q1) is called interquartile range (IQR). The factor 0,7413 derives from the
standard normal distribution, which has a mean of zero and a standard deviation
equal to one. The width of the interquartile range of such a distribution is 1,34898
and results to 1 / 1,34898 = 0,7413. Multiplying IQR by this factor makes it

comparable to a standard deviation [6].



The results of this proficiency test are assessed with the help of a Z-score that is

calculated for each laboratory and each test parameter according to equation (2):

— MWLAB - X
(o)

Z 2

According to ISO/IEC 17043 [1] the following judgements are made:

e |Z| <2 satisfactory participated
e |Z| 2 3 unsatisfactory participated
e 2<|Z| <3result questionable.

Table 2a — 2d gives a review of the respective assigned values X and the standard

deviations for proficiency assessment G that were used in equation (2) of each
element.

For a better view the results are rounded to the last digit.

Table 2a: Compilation of assigned values X and standard deviations of
proficiency test © , FPC Buderus
nF:irtZ-r X o kuipi, z=-3 | z=-2 | z=2 z=3
p =68 %
Q%Z”[‘;:% 2,251 | 0,004 | 0,001 | 2,240 | 2,244 | 2,258 | 2,262
no 0,722 0,007 0,002 0,702 0,709 0,735 0,742
IAM (50°) | 0,840 0,013 0,003 0,800 0,813 0,867 0,880
0°K* 1626 18,5 4,3 1570 1589 1663 1682
10°K* 1539 23,7 5,5 1468 1492 1586 1610
30°K* 1344 28,9 6,7 1257 1286 1402 1431
50°K* 1128 36,3 8,4 1019 1055 1201 1237

* Power output at 1000 W/m? for dT = xx K



Table 2b: Compilation of assigned values X and standard deviations of
proficiency test G , ETC Ritter

Para- A Uep,
meter X o k=1, Z=-3 Z=-2 Z2=2 Z=3
p=68%
Aperture
area [m?] 1,997 0,009 0,002 1,970 1,979 2,015 2,024
no 0,609 0,009 0,002 0,581 0,590 0,627 0,636

IAML (50°) 0,901 0,029 0,007 0,823 0,852 0,968 0,997

IAMT (30°) 1,020 0,009 0,002 0,994 1,003 1,037 1,046

IAMT (40°) 1,020 0,013 0,003 0,981 0,994 1,046 1,059

IAMT (50°) 1,007 0,025 0,006 0,931 0,957 1,057 1,083

IAMT (60°) 1,090 0,022 0,006 1,024 1,046 1,134 1,156

0°K* 1218 18,7 4,6 1162 1181 1255 1274
10°K* 1202 21,1 5,2 1138 1159 1244 1265
30°K* 1160 27,6 6,8 1077 1105 1215 1243
50°K* 1111 30,0 7,4 1020 1050 1171 1201

* Power output at 1000 W/m? for dT = xx K

Table 2c: Compilation of assigned values X and standard deviations of
proficiency test G, system Solahart

Para- ~ Uee,
e X & k=1, | z=-3 | z=-2 | z=2 z=3
D = 68 %
Stockholm* 40,8 3,7 1,1 29,8 33,5 48,1 51,8
Wiirzburg* 44.2 25 0,7 36,6 39,2 49,2 51,8
Davos* 52,9 3,1 0,9 43,5 46,6 59,2 62,3
Athens* 74,2 2,9 0,9 65,4 68,3 80,1 83,0

* Fgo at 170 l/day in %



Table 2d: Compilation of assigned values X and standard deviations of
proficiency test G, system Vaillant

Para- A Uee,

e X & k=1, | z=-3 | z=-2 | z=2 z=3
D = 68 %

Stockholm* 53,7 2,3 0,7 46,9 49,1 58,2 60,4
Wiirzburg* 56,3 2,3 0,7 49,4 51,7 60,8 63,1
Davos* 72,5 4.7 15 58,5 63,1 81,8 86,4
Athens* 86,0 2,4 0,7 78,9 81,3 90,7 93,1
Stockholm** 41,9 2,5 0,9 34,3 36,9 46,9 49,5
Wiirzburg* 45,8 2,7 1,0 37,8 40,5 51,1 53,8
Davos** 60,6 3,1 1,2 51,3 54,4 66,8 69,8
Athens** 75,9 2,2 0,8 69,2 71,5 80,3 82,6

* Fsor @t 400 l/day, SOS, in %; ** F¢, at 400 l/day, SPSS, in %

4 Results

The results of this proficiency test are summarized in table 3a — table 3e and
graphically presented in appendix A - D. A summary of the proficiency test can be
found in table 4. In table 3a — table 3d analysis with questionable or unsatisfactory
results are summarised. Participants outside the QAIST project are excluded in table
3.

Table 3a: Summary of results, FPC Buderus

Parameter Number of Number Number
results |Z]23 2<|Z]<3

Aperture area 29 0 4

no 29 1 4

IAM (50°) 23 3 3

0°K* 29 0 2

10°K* 29 0 0

30°K* 29 0 2

50°K* 29 0 1

* Power output at 1000 W/mz for dT = xx K
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Table 3b:

Summary of results, ETC Ritter

Parameter Number of Number Number
results [Z]23 2<|Z|<3
Aperture area 26 0 0
no 26 0 3
IAML (50°) 24 0 4
IAMT (30°) 24 1 2
IAMT (40°) 23 0 3
IAMT (50°) 25 0 0
IAMT (60°) 23 3 1
0°K* 26 1 2
10°K* 26 0 3
30°K* 26 0 1
50°K* 26 0 2
* Power output at 1000 W/mz for dT = xx K
Table 3c: Summary of results, System Solahart
Parameter Number of Number Number
results |Z|=3 2<|Z|<3
Stockholm* 18 0 0
Wiirzburg* 18 0 1
Davos* 18 1 0
Athens* 18 0 2
* Fsor at 170 l/day
Table 3d: Summary of results, System Vaillant
Parameter Number of Number Number
results |Z|=3 2<|Z|<3
Stockholm* 16 2 0
Wiirzburg* 16 1 0
Davos* 16 1 0
Athens* 16 1 1
Stockholm** 11 1 1
Wirzburg** 11 1 0
Davos** 11 1 0
Athens** 11 1 2

* Fso @t 400 l/day, SOS; ** F, at 400 l/day, SPSS

11




Additionally Annex A — C show the single results of every round (2010 and 2011).
The limits given there are only for information and were not assessed by the

organiser.

Table 4a — table 4d show all laboratories which had a questionable or unsatisfactory
result for at least one Parameter. Laboratories not present in table 4a — 4d have
completed all parameter satisfactory.

There was done no overall assessment by the organizer. If a laboratory received
more than 25 % unsatisfactory results per collector / system and year, it should start

corrective actions to find the reason for this deviation.

Table 4a: Laboratories which reported at least one questionable or unsatisfactory
result, FPC Buderus
Aperture no IAM (50°) 0°K* 10°K* 30°K* 50°K*
area
lalOso X
lallso X
3b10si o]
4a10si (0]
5a10so0 X O
6al0si (0] (0]
6allsi (0] (0]
8al0so (0]
8allso (0] (0] (0]
9a10qd
9allqd X
10allso
12a10so (0]
12allso o (0]
(14a10s0) (0]
(15a10s0) X
(16a10si) X X o] o] X
Legend: * Power output at 1000 W/mz2 for dT = xx K
(xx xx) Laboratory outside the project
X Analysis with a Z-Score |Z|23
0] Analysis with a Z-Score 2<|Z|<3

12



Table 4b: Laboratories which reported at least one questionable or unsatisfactory
result, ETC Ritter
R I R e e
lal0so (0] X
lallso (0]
3al10qd (0]
3allqd (0] X
3b11qd o]
4al10so X
6a10si X
7allso (0]
8allso (0] X (0]
9al10qd (0]
9allqd (0]
10allso (0]
12a10so0 o o] o] o] o] o
12allso o] o] o] 0
(14a10s0) (0]
(14al1so) @) (0] (0]
(15a10s0) (0] X X
Legend: * Power output at 1000 W/mz2 for dT = xx K
(xx xx) Laboratory outside the project
X Analysis with a Z-Score |Z|23
@] Analysis with a Z-Score 2<|Z|<3
Table 4c: Laboratories which reported at least one questionable or unsatisfactory
result, system Solahart
Stockholm* Wirzburg* Davos* Athens*
110 o]
6_10 o] X o]
Legend: * Fso at 170 l/day
X Analysis with a Z-Score |Z|23
@] Analysis with a Z-Score 2<|Z|<3

13




Table 4d: Laboratories which reported at least one questionable or unsatisfactory
result, system Vaillant

Stock- warz- Davos* | Athens* | S'0¢K wurz- Davos* | Athens**
holm* burg* holm** burg**
5b10 - ---
5b11 X X X X
7al0 X X X X —
7all X —
8010 o) o) o
13a11 (0] —
Legend: * Fso at 400 l/day, SOS, in %;
** Fso at 400 l/day, SPSS, in %
X Analysis with a Z-Score |Z|23
0] Analysis with a Z-Score 2<|Z|<3

Additionally the participants calculated the collector capacity Cef, Or in case of quasi
dynamic testing, Cs. The results are shown in table 4e. They are for information only

and were not assessed by the organiser.

14



Table 4e: Parameters Ceff / C5, Results of all participants

FPC Buderus ceff / c5 ETC Ritter ceff / c5
lal0so 18,23 1al0so 16,56
lallso 14,63 lallso 16,68
3al10qd 12250 3al0qd 32686
3allsi 6790 3allqd 33456
3b10si 6790 3bllqd 32126
3bl1lqd 9160 4a10so 16,83
3cl0so 6790 4allso 16,82
4al0si 6,38 5a10s0 70,4
4allsi 6,38 5allso 75
5a10s0 13,9 5b11qd 30889
5allso 14,9 6a10si 12,4
5b11qd 7620 6allsi 12,4
6a10si 6,6 7a10s0 49,15
6allsi 6,6 7allso 28,37
7al10so 5,61 7b11si kA
7allso 19 8al0so 17,311
7b11si kA 8allso 17,311
8al0so0 6825 9a10qd 28400
8allso 6825 9allqd 35145
9a10qd 5490 10allso 18
9allqd 6093 11al0so 18,35

10al0so 6,9 1lallso 18,35
10allso 6,9 12a10so 72
11al0so 18,42 12allso 73
1lallso 18,42 13a10qd 28922
12al10so 17,1 13allqd 23992
12allso 17,8 14al10so 13,14
13a10si 9,159 14allso 13,14
13allsi 9,118 15al10so0 kA
14al10so 9,95 15allso kA
l4allso 9,95 16al10si kA
15al10so0 kA 16allsi kA
15allso kA

16al10si 6,89

16allsi 6,89

15



5 Determination of measurement uncertainty

5.1 Declaration of the measurement uncertainty by the laboratories

The participants were asked to declare their measurement uncertainty for certain

parameters of the collector tests. The assessed parameters of the systems were

delivered without a statement to the measurement uncertainty.

Figures E1 to E18, appendix E, show the results. Table 5a and 5b give a survey of

mean values (calculated as a median) of the declared measurement uncertainties.

Table 5a: Declaration uncertainty by the laboratories, FPC Buderus

Parameter Apaerg;re no | IAM (50°) | O°K* 10°k* | 30°k* | 50°k*

Meama'”e +0,003 | +0,006 | +0,012 | +150 | +17,0 | +224 | +280
* Power output at 1000 W/mz for dT = xx K
Table 5b: Declaration uncertainty by the laboratories, ETC Ritter

Ap. IAML | IAMT | IAMT | IAMT | IAMT o o o o

Parameter area no (50°) (30°) (40°) (50°) (60°) 0°K 10°K 30°K 50°K
Meama'“e +0,003 | +0,007 | £0,022 | 0,014 | +0,023 | +0,021 | £0,025 | +14,0 | +17,5 | 18,7 | +225

* Power output at 1000 W/mz for dT = xx K

There was no statement done by the participants to the level of confidence and the

coverage factor as well as the corresponding way of determination (estimation or

calculation) for the measurement uncertainty.

5.2 Calculation of the measurement uncertainty acc. to
EUROLAB TR 1/2006

The measurement uncertainty for each parameter can be calculated on the basis of

the technical report EUROLAB TR 1/2006 [7].

The formula for the expanded measurement uncertainty U on a confidence level of

app. 95 % (k = 2) is shown in equation (3):

proficiency test and s, the standard deviation of the laboratory.

Uegp is the uncertainty of the proficiency test for each element and is calculated as

U :2*\/u§P +(S

lab

Jn

Thereby b is the deviation of the laboratories’ results from the consensus value of the

2
]+b2

shown in equation (4) acc. to ISO 13528 [5]:

16
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A

(e}
I (4)

Standard deviations of proficiency test G consensus values as well as the

U =1,25%

measurement uncertainty for each parameter can be taken from table 2.

Depending on the bias b of a laboratories result, this factor becomes the main
influence of equation (3). For a rough estimate of the uncertainty of the results, the
standard deviation of the proficiency test according to table 2 can be multiplied by
three (3). This is a good estimate for all laboratories inside the permissible limits

shown in table 2.

6 Summary

12 laboratories from 8 European nations participated in the proficiency test
“QAIST testing of solar collectors and solar systems 2010-2011" that was evaluated
by Institut fir Eignungsprufung (IFEP GmbH) in Marl, Germany.

The results submitted in 2010 and 2011 were evaluated on basis of a robust
statistical method, in order to minimize the influence of outliers regarding individual
laboratory mean values. The total results show very good results. Although the tasks
were very complex, the results were close together.

Compared to other proficiency tests in the field of mechanical testing the results are
clearly better. The number of unsatisfactory results is clearly lower.

This shows a very good quality of work in the participating laboratories. It give a
conclusion of the high level of training of personnel and the high quality of the

standards used.

17
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8 Participants

There is no relation between the laboratory code and the position on the following

list.
AIT Austrian Institute of Technology Vienna Austria
Centro Nacional de Energias Renovables Sarriguren Spain
(CENER) - Fundacion CENER-CIEMAT (Navarra) P
CSTB Centre Scientifique et Technique du Sophia Antipolis =

g rance
Batiment Cedex
IPIEO Warsawa Poland
ISE Freiburg Germany
ISFH Emmerthal Germany
ITC Instituto Tecnologico de Canarias, S.A. Santa Lucia Spain

Las Palmas

ITW Stuttgart Germany
IZES Saarbriicken Germany
LNEG (INETI) Lisboa Portugal
Solar & Energy Systems Laboratory (SESL) Aghia Paraskevi, Greece
NCSR "Demokritos" Athens
SP Energy Technology BORAS Sweden
TUV Rheinland Energie und Umwelt GmbH Cologne Germany
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Annex A: Results, FPC Buderus
Content

Aperture area

eta (n) O

Incidence angle modifier, IAM 50°

Power output at 1000 W/m2 for dT =0 K
Power output at 1000 W/m2 for dT = 10 K
Power output at 1000 W/m2 for dT = 30 K

Power output at 1000 W/m2 for dT = 50 K

Annex B: Results, ETC Ritter
Content

Aperture area

eta(n) 0

Incidence angle modifier, IAML 50°
Incidence angle modifier, IAMT 30°
Incidence angle modifier, IAMT 40°
Incidence angle modifier, IAMT 50°
Incidence angle modifier, IAMT 60°
Power output at 1000 W/m2 for dT =0 K
Power output at 1000 W/mz2 for dT = 10 K
Power output at 1000 W/mz for dT = 30 K

Power output at 1000 W/mz for dT =50 K
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Figure-No.
A1-A3
A4-A6
A7-A9

A10-A12
A13-A15
A16-A18

Al19-A21

Figure-No.
B1-B3
B4-B6
B7-B9

B10-B12
B13-B15
B16-B18
B19-B21
B22-B24
B25-B27
B28-B30

B31-B33

Page
A-1
A-4
A-7

A-10
A-13
A-16

A-19

Page
B-1
B-4
B-7

B-10
B-13
B-16
B-19
B-22
B-25
B-28

B-31



Annex C: System Solahart

Content Figure-No. Page
Stockholm, fsol for 170 I/day C1-C3 C-1
Wirzburg, fsol for 170 l/day C4-C6 C-4
Davos, fsol for 170 l/day C7-C9 C-7
Athens, fsol for 170 l/day C10-C12 C-10

Annex D: System Vaillant

Content Figure-No. Page
Stockholm, fsol for 400 I/day, SOS D1 D-1
Stockholm, fsol for 400 I/day, SPSS D2 D-2
Wirzburg, fsol for 400 I/day, SOS D3 D-3
Wirzburg, fsol for 400 l/day, SPSS D4 D-4
Davos, fsol for 400 l/day, SOS D5 D-5
Davos, fsol for 400 l/day, SPSS D6 D-6
Athens, fsol for 400 l/day, SOS D7 D-7
Athens, fsol for 400 l/day, SPSS D8 D-8
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Annex E: Measurement uncertainty, statements of the laboratories

Content Figure-No. Page
FPC, aperture area El E-1
FPC,eta(n) 0 E2 E-2
FPC, Incidence angle modifier, IAML 50° E3 E-3
FPC, Power output at 1000 W/m2 for dT =0 K E4 E-4
FPC, Power output at 1000 W/m2 for dT = 10 K ES E-5
FPC, Power output at 1000 W/m2 for dT = 30 K E6 E-6
FPC, Power output at 1000 W/m2 for dT = 50 K E7 E-7
ETC, aperture area ES8 E-8
ETC,eta(n) 0 E9 E-9
ETC, Incidence angle modifier, IAML 50° E10 E-10
ETC, Incidence angle modifier, IAMT 30° E1l1l E-11
ETC, Incidence angle modifier, IAMT 40° E12 E-12
ETC, Incidence angle modifier, IAMT 50° E13 E-13
ETC, Incidence angle modifier, IAMT 60° E1l4 E-14
ETC, Power output at 1000 W/m2 fordT =0 K E15 E-15
ETC, Power output at 1000 W/m2 for dT = 10 K E16 E-16
ETC, Power output at 1000 W/m2 for dT = 30 K E17 E-17
ETC, Power output at 1000 W/m2 for dT = 50 K E18 E-18
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Figure A21: Power output at 2000 W/m?2 for dT

Page A-21



1IS0Te9T

0SQTeST

osQTevrl

e S R J—

*

*

*

0sQTect

pboTes

pbotect

osQTey

0sQTeT

0sQTeL

0osQTeg

0SQTeTT

0sQTeS

IS0Te9

pboTeg

2,06

2,04

2,02 A

zW Ul eaJse ainyade

2,00

1,98

1,96

1,94

Laboratory Code

Aperture area; values of 2010

Figure B1:

Page B-1



ISTTe9T

OSTTeST

OSTTeyT

*

*

*

*

*

*

*

*

*

0oSsTTeCT

pbTTE6

0sTTe0T

pbrTeet

OSsTTeY

OosTTeT

ISTTqL

osTTe.L

OSTTeTT

pbtTas

0SsTTeS

ISTTE9

0STTe8

pbtTag

pbTTEE

2,06

2,04

2,02 -
2,00
1,98

zW Ul eaJe ainlade

1,96
1,94

Laboratory Code

Aperture area; values of 2011

Figure B2:

Page B-2



w_
ol

> _*

ISTTe9T
I I 0STTeST

OSTTeyT

IS0Te9T
0sQTest

osoTert

PR I

PSR 2 4

- — — — — — —

0sTTeZT
‘ucﬁﬁmm
| osorezt
pboTes
‘UUOHGMH
| osTTROT
osQpTey
pbTTEET
| osoTer
| ostrey
| osTTeT
isTTaz
| ostTe,
| osotes
| osoTes
| osorerT
| osTreTT
‘ucﬁﬁgm
| osTTeS
| isTTRO
| osoTes
| osTTes
‘ccﬁﬁgm
‘ccﬁﬁmm

IS0Te9

pbotes

.
leoeee et

2,06
2,04
2,02
2,00

zW Ul eaJle ainliade

Laboratory Code

Aperture area; all values

Figure B3:

Page B-3



0,670 -
0,660 -
0,650 -
0,640
0,630 -
0,620 * . ¢ ¢ *
] *
0,610 -
o ] ————7—-0-——;——0 ——————————————————
< ]
0,600 -
: ’
0,590 | ¢ >
e Z=-2
0,580 7-3
0,570 -
0,560 -
0,550 -
o =] o o =] o =] 7] o o o o o )
2 g g g g 2 S S 3 g 2 g 2 S

Laboratory Code
Figure B4: eta (n) O; values of 2010

Page B-4



0,670 -
0,660
0,650
0,640 -
0630 L 273
1l z=2 7S
0,620 *
0,610 | o o e & ¢
o 1 L 4
:0600: ¢ ¢
, 1 * .
] Z='2 -*
0,590 - *
: > z=-3 [ &
0,580 ¢
0,570
0,560
0,550
s § % ® % §F % % & § % & & ¥ § 8§ & @

Laboratory Code
Figure B5: eta (n) O; values of 2011

Page B-5



0,670 -

0,660 -

0,650 -

0,620 |

0,600 |

0,590 1

0,580 | e

0,570 |

0,560 -

0,550 -

ISTTe9T

OSTTeST

OSTTeyl

ISOTE9T

0sQTestT
0sQTeyrl

0STTeg

0sQTeL

0sQTeg

pbTTOg

0SQTeTT

ISOTR9
pboTee
pbtTEE

OSTTe/.

OSTTeTT

osTTeY
OSTTeT

OSTTe0T

0sQTeT

ISTTA.L
pbotect

0sQTes

osQTey

pbTTOE

ISTTe9

‘UUHHmMH
‘ucﬁﬁmm
‘UUOﬁmo
| osorezT
| ostrezT

0STTeg

Laboratory Code

eta (n) O; all values

Figure B6:

Page B-6



1,06

1,01
0,96
OO i
v 091
_| |
=
<
0,86
0,81
0,76
Figure B7:

1l 2=3
L 2
zZ=2 *
. . ¢
———————————‘——————————————————
2
* L 2
L 2

ry zZ=-2
’ Z=-3
o ° & o o) o) o) o) o) o o) o) o ‘B
(%] o o o [%2) [%2) [%2) [%2] [%2] o [%2] [%2] [%2] o
o o — o o o o o o o o o o —
— ‘—| S — — — — — — — — — — S
© 4] © © © © © (o] © ] © © @© ©
N ™ ™ ~ < © — [te} o i < e} e
— — — — —

Laboratory Code
Incidence angle modifier, IAML 50°; values of 2010. Labs w/o data points: not stated

Page B-7



N ™ ISTTe9T

OSTTeqT

OSTTeyT

ISTTAL

pbTTeEE

OSTTeT

OSTTe0T

osTTe8

OSTTeY

pbTTOg

Laboratory Code

Incidence angle modifier, IAML 50°; values of 2011. Labs w/o data points: not stated

|
|
|
|
|
|
|
|
|
|
|
L 2 “ OSTTeTT
|
|
|
|
|
p

pbtTas
23 ISTTR9

. osTTeL

'S 0STTEeS

2 pbTTeET

_

_

_

_ |

_ . 0STTeZT
_ i

_

_

_

_

pbTTeE

1,06
1,01
0,96
0,91 |
0,86 -
0,81
0,76

(,0S) TNVI

Figure B8:

Page B-8



L IR
L I R 2 4 ¢

1,06

0,91

(,0S) TAVI

0,86

0,81

0,76

ISTTe9T

0STTeST

osTTevrl

ISOTe9T

0SOTeST

0sQTevl

ISTTqL

pbtTeE

0soTeT

OSTTeT

pbotes

OSTTe0T

0sQTeg
OSTTeTT

0SOTeTT

0sQTe8

osTTeS
osTTRY

pbtTOg

0sQTey

pbtTas

0osQTe.

‘UUOHmm
‘_mﬁﬂmo

osTTRL
ostreZT
‘_wOHao

| osTTeS
‘ccﬁﬁmmﬁ

pbtTeE

pbotecT

0sQTect

Laboratory Code

Incidence angle modifier, IAML 50°; all values. Labs w/o data points: not stated

Figure B9:

Page B-9



1,07

1,05 + Z=3
| 2
z=2 ~-
1,03 L 2 L 2
. L 2
—————— N
oo i
¥ 1,01 4
= — IS
= Z=-2
<
0,99 Z=-3
0,97
L 2
0,95 o o o o o o e 5 o ) o) o) o ‘F
S S S S S S S = S S S S S g
s ¥ § § & ¥ § & § & §&§ § 3§ ¢

Figure B10: Incidence angle modifier, IAMT 30°; values of 2010. Labs w/o data points: not stated

Laboratory Code

Page B-10



—_———————r———— — — — — — — — — — — — ———— -

1,07

1,05

(,0E) LAVI

0,99

0,97

0,95

ISTTE9T

0STTeST

OSTTeyT

ISTTAL

osTTel

0STTe0T

pbttTag

pbtTag

pbtTeg

0STTe8

ISTT®9

0sTTeCT

OSTTeTT

OSTTeg

OosTTeY

pbtTeE6

0osTTe.

pbtTeeT

Laboratory Code

Incidence angle modifier, IAMT 30°; values of 2011. Labs w/o data points: not stated

Figure B11:

Page B-11



ISTTe9T

I I OsTTeST

osTTeyrT

ISOTe9T
0sQTesT

0sQTeyT

ISTTAL
0STTeT
OSTTEQT

pboteg

pbTTag
pbtTag
pbrTeg

pboTeeT

> o000

0sQTecT
0STTe8
IS0Te9

ISTTe9

o ¢ * o0

‘UUOHma
| ostreZT
| osTTeTT
| osTTeS
ostrep
| osoTerT
| osoTes
| osoTeg

2 pbTTeE

'S 0STTe/.

pbrTeET

osQTey

- osoTes

——— e ettt — — — — — — — — | — ———

2 2 0osQoTet

1,07

1,03
1,01 -
0,99
0,97
0,95

(,0E) LIAVI

Laboratory Code

Incidence angle modifier, IAMT 30°; all values. Labs w/o data points: not stated

Figure B12:

Page B-12



1,07
1,05
11 z=3
1 z=2 xS
1,03 P S .
] S
L 2
g\ | ______7_1—4 __________________
o
T L0l e
E |
< Z=-2
0,997 7= 3
0,97
0,95
o) o o o o ) o =) = o o) o) o ‘B
f & § § & & § § ¥ § & 3§ § ¢

Laboratory Code
Figure B13: Incidence angle modifier, IAMT 40°; values of 2010. Labs w/o data points: not stated
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Figure B16: Incidence angle modifier, IAMT 50°; values of 2010. Labs w/o data points: not stated
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Figure B22: Power output at 1000 W/m?2 for dT = 0 K; values of 2010.
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Figure B25: Power output at 1000 W/m? for dT = 10 K; values of 2010.
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Figure B26: Power output at 1000 W/m?2 for dT
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Figure B27: Power output at 1000 W/m?2 for dT
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Figure B28: Power output at 1000 W/m?2 for dT = 30 K; values of 2010.
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Figure B30: Power output at 1000 W/m?2 for dT
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Figure B31: Power output at 1000 W/m?2 for dT = 50 K; values of 2010.
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Figure C1: Stockholm, fsol for 170 I/day, values of 2010. Labs w/o data points: not stated
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Figure C2: Stockholm, fsol for 170 I/day, values of 2011. Labs w/o data points: not stated
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Figure C4: Wdrzburg, fsol for 170 l/day, values of 2010. Labs w/o data points: not stated
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Figure C5: Wodrzburg, fsol for 170 l/day, values of 2011. Labs w/o data points: not stated
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Figure C6: Wdrzburg, fsol for 170 l/day, all values. Labs w/o data points: not stated
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Figure C7: Davos, fsol for 170 I/day, values of 2010. Labs w/o data points: not stated
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Figure C8: Davos, fsol for 170 I/day, values of 2011. Labs w/o data points: not stated
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Figure C9: Davos, fsol for 170 l/day, all values. Labs w/o data points: not stated
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Figure C10: Athens, fsol for 170 l/day, values of 2010. Labs w/o data points: not stated
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Figure C11: Athens, fsol for 170 I/day, values of 2011. Labs w/o data points: not stated

Page C-11



90%
85%
Z=3
| *
80% | 7=o
4 *
%’ | . o o ¢
0)
L T ____ s
o
S . ¢ o
S f . °
L 70% *
Z=-2
*
65% Z=-3
60%
o — — — — o — o o o o — o — — o — o
F|| F|I F|| HI F|I HI HI F|I F|I HI HI HI F|I HI HI F|I F|I HI

Laboratory Code
Figure C12: Athens, fsol for 170 I/day, all values. Labs w/o data points: not stated
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Figure D1: Stockholm, fsol for 400 I/day, SOS. Labs w/o data points: not stated
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Figure D2: Stockholm, fsol for 400 I/day, SPSS. Labs w/o data points: not stated
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Figure D3:  Wdrzburg, fsol for 400 l/day, SOS. Labs w/o data points: not stated
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Figure D4: Wdrzburg, fsol for 400 l/day, SPSS. Labs w/o data points: not stated
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Figure D5: Davos, fsol for 400 I/day, SOS. Labs w/o data points: not stated
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Figure D6: Davos, fsol for 400 I/day, SPSS. Labs w/o data points: not stated
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Figure D7: Figure D5: Athens, fsol for 400 l/day, SOS. Labs w/o data points: not stated
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Figure D8: Athens, fsol for 400 I/day, SPSS. Labs w/o data points: not stated
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10 K; Measurement uncertainty statement by the participants.

FPC, Power output at 1000 W/m? for dT

Labs w/o data points: not stated.
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30 K; Measurement uncertainty statement by the participants.

FPC, Power output at 1000 W/mz for dT

Labs w/o data points: not stated.
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ETC, aperture area; Measurement uncertainty statement by the participants. Labs w/o data points: not stated
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Incidence angle modifier, IAML 50°
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Figure E10: ETC, Incidence angle modifier, IAML 50°; Measurement uncertainty statement by the participants.
Labs w/o data points: not stated
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Incidence angle modifier, IAMT 30°
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Figure E11: ETC, Incidence angle modifier, IAMT 30°; Measurement uncertainty statement by the participants.
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Incidence angle modifier, IAMT 40°
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Figure E12: ETC, Incidence angle modifier, IAMT 40°; Measurement uncertainty statement by the participants.
Labs w/o data points: not stated
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Incidence angle modifier, IAMT 50°
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Figure E13: ETC, Incidence angle modifier, IAMT 50°; Measurement uncertainty statement by the participants.
Labs w/o data points: not stated
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Incidence angle modifier, IAMT 60°
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Figure E14: ETC, Incidence angle modifier, IAMT 50°; Measurement uncertainty statement by the participants.
Labs w/o data points: not stated
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0 K; Measurement uncertainty statement by the participants.

Figure E15: ETC, Power output at 1000 W/m?2 for dT

Labs w/o data points: not stated.
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10 K; Measurement uncertainty statement by the participants.

Figure E16: ETC, Power output at 1000 W/m?2 for dT

Labs w/o data points: not stated.
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Power output 1000 W/m2at dT =30 K
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30 K; Measurement uncertainty statement by the participants.

Figure E17: ETC, Power output at 1000 W/m2 for dT

Labs w/o data points: not stated.
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30 K; Measurement uncertainty statement by the participants.

Figure E18: ETC, Power output at 1000 W/m?2 for dT

End of report

Labs w/o data points: not stated.
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