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1. Introduction 

Within the European project QAiST (Quality Assurance in Solar Thermal Heating and Cooling Technology) 
a Round Robin test on solar collectors and solar thermal systems is carried out in the years 2010 and 2011. 
For two different collector types, one flat plate collector and one evacuated tubular collector with CPC 
reflector, thermal performance tests according to EN 12975-2 (EN 12975, 2006) are carried out by 12 
different test institutes throughout Europe. The two different solar thermal systems, one thermosiphon 
system and one system with forced circulation are subject to a thermal performance test according to EN 
12976-2 (EN 12976, 2006) and are tested by 9 different test institutes. 

In order to finish the Round Robin test within two years despite of the high number of participants, the 
following procedure was applied: Each participant received in the year 2010 samples of the two different 
collector types and of the two solar thermal system types respectively. After testing, the samples have been 
sent to the next test institute to be tested within the year 2011. Thus all institutes are testing identical 
collectors and system types taken out of the same production batch, however each unique collector or system 
is only tested by two institutes. 

For the first time Round Robin tests on solar thermal products are evaluated by an independent institute 
(Institut für Eignungsprüfung) using the acknowledged procedures for the evaluation of proficiency tests. 

This paper presents some of the midterm results of the Round Robin test in an anonymous and standardised 
way. 

2. Statistical design 

The statistical design for proficiency testing is based on ISO 13528 (2005) and ISO/IEC 17043 (2010). The 
deviation of laboratory’s mean MVLAB value from the assigned value X was evaluated.  
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2.1. Determination of assigned value 
The assigned value X is determined as a consensus value of the results of all participating laboratories. It is 
calculated as a robust mean value (see figure 1). For each test parameter an assigned value was calculated. 
The respective assigned value X is the median of all laboratories results MVLAB.  

The normalised inter-quartile range nIQR is used as standard deviation for the proficiency assessment σ (nIQR): 

nIQR = 0,7413 (Q3-Q1)     (eq. 1) 

75 % of all values are lower than Q3, 25 % of all values are lower than Q1. (Q3-Q1) is called inter-quartile 
range (IQR). Figure 1 graphically presents the (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 inter quartile 
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 (PTPM 1.1, 2008). 

The results of proficiency tests are assessed with the help of a Z-score that is calculated for each laboratory 
and each test parameter according to equation 2: 
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XMV
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−
=      (eq. 2) 

According to ISO/IEC 17043 (2010) the following judgements are made: 

|Z| ≤ 2 satisfactory participated 

|Z| ≥ 3 unsatisfactory participated 

2 < |Z| < 3 result questionable. 

Figure 1 presents an example for the statistical evaluation as presented above. 
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Fig. 1: Example of the statistical evaluation 

In the special case of the QAiST project the evaluation for the intermediate report had to be adopted to 
ensure an independent testing in round 1 and 2. Therefore the results were only displayed using the resulting 
Z-scores. The standard deviation of each parameter (in percent) was displayed to give all participants a first 
look on the result without publishing the assigned value. Additionally more than one parameter could be 
summarised in one drawing. Examples are presented in section 3. 



3. Round Robin test collectors 

During the last 10 years two Round Robin collector tests have been carried out on European level with more 
than 5 participants. The first was carried out on two identical flat plate collectors by 7 test laboratories from 
Austria, Germany and Switzerland in the years 2003 and 2004 (Fischer et. al., 2005). The second and latest 
was carried out during the years 2007 and 2008, with participants from Austria, France, Germany, Greece, 
Portugal, Spain and Sweden (Fischer et. al., 2008). Subject of comparison have been two identical flat plate 
collectors and one evacuated tubular collector. 

This Round Robin constitutes the first comparison of test results involving 12 laboratories with the main 
objective of evaluation of laboratory proficiency in performance testing of solar collectors. 

3.1. Test samples and procedure 
Test samples 
Subject of the Round Robin tests are: 

• A flat plate collector with copper absorber, polymeric frame and a standard glass cover. The 
absorber strips are coated with black chrome and are fixed to the fluid channels by ultrasonic 
welding. 

• An evacuated tubular collector (Sydney type) with CPC reflector. The heat from the absorber is 
transferred by an aluminum heat transfer sheet to the U-pipe which is passed through by the heat 
transfer fluid. 

Altogether 13 test samples of each collector type have been sampled from the production line by independent 
inspectors. All major components of the collector like the glass cover, absorber, reflector and evacuated 
tubes were taken from the same batch to ensure the maximum compatibility of the picked test sample to each 
other. 

Preconditioning of test samples 
Before testing the empty collectors were exposed to at least 5 h, but not more than 10 h of irradiance of more 
than 700 W/m². Ambient temperature and radiation have been monitored and reported. 

Cleaning during testing 
When outdoor testing was carried out the collector has been cleaned every morning. 

Test methods 
All test methods according to EN 12975-2:2006, section 6 could be applied by the participants. Collector 
parameters to be determined are: η0, a1, a2, ceff and the incident angle modifiers. 

Test methods 
Flat plate collector: In case the steady state method (section 6.1) is used the incidence angle modifier K(θ) 
has to be determined for an angle of incident of 50°, in case of the quasi-dynamic method (section 6.3) the 
collector parameter b0 has to be determined and the values (beam and global) for 50° have to be calculated.  
Evacuated tubular collector: In all cases the incidence angle modifier K(θ) has to be determined for angles of 
incident of 30°, 40°, 50° and 60° in transversal direction and 50° in longitudinal direction. 
The following sections present selected results at midterm of the Round Robin test. 
 

3.2. Presentation of selected results 
To not interfere with the ongoing Round Robin test only some results are presented using the Z-score 
without presenting values of the corresponding collector parameter. 

Figure 2 shows as example the Z-score of the determined aperture area of the evacuated tubular collector. 
The x-coordinate from 1 to 11 represent the different measurements of the eleven laboratories which turned 
in a report sheet. All participants are well between the ± 2-threshold representing satisfactory participation. 
The standard deviation of all measurements is 0.5 %. 
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Fig. 2: Z-scores of all measurements of the aperture area of the evacuated tubular collector 

Figure 3 and 4 show the Z-score of the collector output of the flat plate collector and the evacuated tubular 
collector for a hemispherical irradiance of 1000 W m-2. The values are calculated according to 
EN 12975:2006 from the collector parameter η0, a1, a2 derived during the performance test of the collectors. 
The different symbols represent the different temperature difference between the mean fluid temperature and 
ambient temperature (ϑfl,m - ϑamb = 0 K, 10 K, 30 K and 50 K). 
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Fig. 3: Z-scores of all measurements of the collector output at 1000 W m-2 for the flat plate collector 

The x-coordinate of figure 3 shows 14 values because one test laboratory handed in 3 different results for 
evaluation to IfEP. Except for measurement 8 the majority of the Z-scores are well between the ± 2-threshold 
representing satisfactory participation. The result was classified by IfEP as very good. 

An even slightly better result shows figure 4 representing the Z-scores for the same collector output of the 
evacuated tubular collector. Only measurement no. 10 is rated as questionable, nevertheless again IfEP 
classifies the overall results as very good. 
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Fig. 4: Z-scores of all measurements of the collector output at 1000 W m-2 for the evacuated tubular collector 

To present a more familiar picture of the results the power curves for all measurements are presented in 
figure 5 and 6. The power curves have been calculated from the Z-scores shown in figures 3 and 4 using 
arbitrarily values of η0, a1, a2 to not interfere with the ongoing Round Robin test. The black curves displayed 
represent the error bands calculated for a 95 % confidence interval according to GUM, 1995. Although the 
power curves show a deviation of ± 2 percentage points all derived power curves are within the error bands.  
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Fig. 5: Power curves and error bands (95 % confidence interval) for the measurements of the flat plate collector 
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Fig. 6: Power curves and error bands (95 % confidence interval) for the measurements of the evacuated tubular collector 

At midterm of the ongoing collector Round Robin test the Institut für Eignungsprüfung (IfEP) attested the 
participants a very good outcome compared to other proficiency tests so far. 

4. Round Robin test systems 

Collector and Systems Testing Group (CSTG), whose activities were co-ordinated by the Joint Research 
Centre of Ispra (Aranovitch et al., 1989), developed a test method – CSTG test method - which is now 
described in ISO 9459-2:1995. This work included round robin tests of different systems for validation of the 
test method. Analyses of these tests and of its validation can be seen in reference (Bourges et al., 1991).  

In the frame of the European Programme, SM&T (Standards, Measurements and Testing), the project 
“Bridging the gap: Research and experimental validation on the DST performance test method for solar 
domestic water heaters” (Naron, 1999), had as its main objective the validation of the DST test method (ISO 
9459-5). In this project several European test laboratories tested different types of Factory Made Systems. 
Analyses of the comparison between DST and CSTG tests can be seen in reference (M.J. Carvalho and D. 
Naron, 2001). 

This Round Robin constitutes the first comparison of test results involving a large number of laboratories 
with the main objective of evaluation of laboratory proficiency in testing of Factory Made Systems. 

4.1. Initial conditions for testing 
The main characteristics of the two types of systems tested are described in Table 1.  

Table 1 - Characteristics of systems tested. 

 Thermosyphon System Forced Circulation System 
Number of collectors 1 3 
Collector Aperture Area 1.87 m2 2.35 m2 
Store Volume 180 l 400 l 
Collector loop Heat Exchanger  Jacket Coil on bottom of storage tank. 

Type of Auxiliary Not Applicable 
External with coil on upper part of the 

storage tank as heat exchanger. 
 



Before testing the participating laboratories agreed on the following conditions for the tests: 

• Mounting of the systems made by the laboratory, following carefully the instructions from the 
manufacturer; the same instructions followed on the first (2010) and second (2011) mounting of the 
system; The heat transfer fluid: 100% water; 

• Test methodologies for thermal performance determination: Chosen by each laboratory according to 
Table 2 of EN 12976-2:2006; 

• Presentation of results: According to Annex B of EN 12976-2, the thermal performance indicators 
are calculated for four locations (Athens, Davos, Stockholm and Wuerzburg) and for five load 
volumes (different load volumes depending on the store volume).  

- Thermosyphon system (180 l storage tank): 140, 170, 200, 250, 300 l 

- Forced circulation system (400 l storage tank): 200, 250, 300, 400, 600 l 

4.2. Preliminary results.  
The results of 2010 show that all laboratories used Dynamic System Testing Method according to ISO 9459-
5:2007 for testing of both, thermosyphon and forced circulation systems. All laboratories reported the full set 
of parameters of DST test, according to Table 2. 

Table 2 - DST parameters. 

Parameter  Symbol Unit 
Effective collector area  Ac* m2 
Effective collector loss coefficient uc* W m-2 K-1 
Total store heat loss coefficient  Us W K-1 
Total store heat capacity Cs MJ K-1 
Mixing constant DL  
Store stratification Sc  
Fraction of the store heated by the 
auxiliary heater1 

faux % 

1 Only for solar plus supplementary systems. 

The analysis of Z-score (see section 2. for definition) was applied to all parameters (except faux) and it is 
possible to conclude that almost all laboratories obtained a Z-score lower than 2 (Satisfactory results) for 
all parameters, as can be seen in Table 3. 

Table 3 - Number of Laboratories with Z-score within stated intervals  
(thermosyphon system (solar only system) / forced circulation system). 

 
 Ac* uc* Us Cs DL Sc 

-2< Z <2 
Satisfactory 7 / 8 8 / 9 8 / 9 8 / 7 6 / 8 6 / 8 

-3<Z<-2 and 2<Z<3 
Questionable 1 / 0 0 / 0 1 / 0 1 / 0 2 / 0 1 / 0 

Z<-3 and Z>3 
Unsatisfactory 1 / 1 1 / 1 0 / 0 0 / 2 1 / 1 2 / 1 

 

The results presented for the forced circulation system are not final results since the evaluation was made not 
separating the system when tested as solar only system (6 laboratories presented these results) and when 
tested as solar plus supplementary system (4 laboratories presented these results). 

The indicator considered to compare results of Long Term Performance Prediction is fsol. Although the 
standard deviation in each parameter is high, the results of Long Term Performance Prediction (LTPP) for 
the thermosyphon system show standard deviations lower than 10% (see Table 4). Almost all laboratories 



obtained a Z-score lower then 2 (satisfactory results) for all load volumes, as can be seen in Table 5. 

Table 4 - Standard deviation (%) for thermosyphon system results. 
Vload 
[liter] 

Stockhom Wuerzburg Davos Athens 

140 6.2 5.2 5.0 2.7 
170 6.4 5.0 6.5 3.1 
200 7.3 9.6 9.1 1.8 
250 5.6 7.1 8.4 5.3 
300 5.7 6.0 7.6 6.6 

 

Table 5 – Number of Laboratories (Satisfactory/questionable/Unsatisfactory) 
Vload 
[liter] 

Stockhom Wuerzburg Davos Athens 

140 8/1/0 7/2/0 6/2/1 7/1/1 
170 6/2/0 6/2/0 6/0/2 6/1/1 
200 8/1/0 8/1/0 8/1/0 8/1/0 
250 7/1/1 8/0/1 8/0/1 7/1/1 
300 7/1/1 7/1/1 7/1/1 7/1/1 

 

Considering the demand volume of 200 l, the Solar Fraction values obtained are shown in Fig.7. In this 
figure only the values corresponding to results obtained with Z-score lower than 2 are shown. Lower 
deviations are shown for Athens when compared with other locations. In general it is reasonable to expect 
that for locations with higher irradiation, the deviation in the test results is lower.   
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Fig. 7 - fsol for Thermosyphom System (Vload = 200 l) (only values for Z < 2) 
 
In the case of the forced circulation system it was not possible to do an analysis of the results considering the 
separation between Solar Only System and Solar Plus Supplementary Systems. The analysis of results made 
until this moment shows that almost all laboratories obtained a Z-score lower then 2 (satisfactory results) for 
all load volumes, but with higher standard deviations. 

5. Conclusion and Outlook 

The midterm results of the Round Robin for the collectors can be considered as very good since a majority of 
laboratories presents “satisfactory” results. All power curves derived from the performance measurements 
are with the 95 % confidence interval when an uncertainty assessment is carried out according to GUM 



(1995).  

The preliminary results of the Round Robin for thermosyphon systems show that results can be considered 
good since a majority of Laboratories presents “satisfactory” results. It is possible to consider that the 
uncertainty of the results is within 10% and this uncertainty covers: 

• Differences in testing  

• Differences in systems 

In the case of the forced circulation system, the analysis of results made until this moment shows that almost 
all laboratories obtained a Z-score lower then 2 (satisfactory results) for all load volumes, but with higher 
standard deviations. Clarification on the results presented as Solar Only Systems and Solar Plus 
Supplementary Systems is still needed. 

 

According to IfEP that evaluated the results of the Round Robin test of collectors and systems the overall 
results can be classified as very good compared to other proficiency tests. 

In September 2011 the second round of the Round Robin test will be completed followed by a final 
evaluation of all results which will be subject of a further publication. 

6. Nomenclature 

Symbol Unit Quantity 
a1 W m-² K-1 Heat loss coefficient 
a2 W m-² K-2 Temperature dependent heat loss coefficient 
Ac* m2 Effective collector area 
ceff J m-² K Effective collector capacity 
Cs MJ K-1 Total store heat capacity 
DL  Mixing constant 
faux % Fraction of the store heated by the auxiliary heater1 
uc* W m-2 K-1 Effective collector loss coefficient 
Us W K-1 Total store heat loss coefficient 
Sc  Store stratification 
η0  Conversion factor  
ϑamb °C Ambient temperature 
ϑfl,m °C Mean fluid temperature 
K(θ)  Incidence angle modifier 
θ ° Incident angle of the beam irradiance 
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