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The task of WP4.D2 “draft procedures and resource documents” 
was divided into the following 9 subtasks: 
1. advanced collectors 
2. advanced stores 
3. advanced controllers 
4. combisystems 
5. solar cooling 
6. solar desalination 
7. fluids 
8. LCA (Life Cycle Assessment) 
9. m² -> power and energy 
 
The resource documents of subtask 1 “advanced collectors” 
(subtask leader: SP) are included in this report.  
 
WP4-D2.1.a   IAM dependencies - ITW   
WP4-D2.1.b   ETC-testing - SP  
WP4-D2.1.c1 Exposure/ageing - Australian Stand. for stagn.    
WP4-D2.1.c2 Exposure/ageing, degradation modelling - ITW  
WP4-D2.1.d1 Qualific. test for absorber surface durability - IEA  
WP4-D2.1.d2 Tests & reqs. for polymeric materials - SP  
WP4-D2.1.e   Models for un-glazed collectors - Uni. Kassel  
WP4-D2.1.f    Air collectors, recommendations - arsenal  
                       Annex 1, Air collectors, draft standard - arsenal  
                       Annex 2, Air collectors, testing - arsenal  
WP4-D2.1.g   Tracking concentrating collectors - ITW (INETI)  
WP4-D2.1.h   Improv. acc. of FP collector test - DTU  
WP4-D2.1.i    Collector annual output, inquiry - SP   
WP4-D2.1.j    Final report of WP4.1 - SP  
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ABSTRACT 
 
The thermal performance of solar collectors depends among 
other things on the incident angle modifier for the beam 
irradiance. In case of flat plate collectors an isotropic 
behavior is assumed, whereas evacuated tubular collectors 
show a bi-axial dependency with respect to the incidence 
angle of the beam irradiance.  
In this case it can be distinguished between the longitudinal 
incident angle (along the tube) and the transversal incidence 
angle (perpendicular to the tube). However, more and more 
collectors show a dependency with respect to the incident 
angle that can not be characterized with the bi-axial 
approach. Examples are the Swedish MaReCo /1/, the 
French glass collector /2/ or evacuated tubular collectors 
with adjusted tubes. 
For those collector types the paper introduces the multi-
axial incident angle modifier and illustrates exemplary 
simulation results for two different collector orientations. 
 
 
1.  INCIDENCE ANGLE MODIFICATION IN GENERAL 
 
The incidence angle θ is defined as the angle between the 
position vector of the sun and the vector perpendicular on 
the collector aperture. The dependency of the thermal 
performance is described by the incidence angle modifier. 
The incidence angle modifier  IAM(θ) is defined by the 
ratio of the collector output at a given incidence angle 

)(θq& and the collector output at normal incidence 
)0( =θq& (see eqn. 1).  
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The behavior of flat plate collectors with respect to the 
angle of incidence of the beam radiation is assumed to be 
isotropic. According to the European Standard EN 12975 /3/ 
it is calculated according equation 2. 
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The parameter b0 is a collector parameter and depends 
basically on the incidence angle properties of the absorber 
and the transparent cover as well as on the geometry of the 
collector casing.  
Up to now there is no procedure documented within an 
international standard how to deal with bi-axial incidence 
angle behavior. However, with the publication of the 
reviewed EN 12975 solar collectors having a bi-axial 
behavior with respect to the angle of incidence of the beam 
radiation will be considered by a normative document. To 
do so the approach of McIntire /3/ is used (see eqn. 3).  
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This approach calculates the bi-axial incidence angle 
modifier by multiplication of the incidence angle modifiers 
in longitudinal and transversal plane. Thereby it is assumed 
that the collector shows the same longitudinal incidence 
angle behavior no matter if the incident irradiance is coming 
from the north (θl < 0) or the south (θl > 0). The same is 
assumed for the transversal incidence angle modifier 
defining east by θt < 0 and west by θt > 0. Figure 1 shows a 
typical distribution of the longitudinal and transversal 
incidence angle modifier for a evacuated tubular collector. 
 
 
 



 

 

 

Fig. 1: Typical distribution of the incidence angle modifier 
of a evacuated tubular collector 
 
 
2.  INTRODUCTION OF THE MULTI-AXIAL 
INCIDENT ANGLE MODIFIER 
 
An increasing number of evacuated tubular collectors are 
mounted horizontally on flat roofs (see figure 2) or vertical 
on facades.  
 

 
 
Fig. 2: Flat roof mounted evacuated tubular collectors 
 
In this connection most of the time the tubes are orientated 
along the east-west axis. To increase the thermal efficiency 
of such collector installations the single tubes of the 
collector are adjusted in a way that the absorber is oriented 
towards in incident sun rays (see figure 3).  
The adjustment of the tubes has the following impact on the 
thermal behavior of the evacuated tubular collector: 
 

(1) A reduction in the optical efficiency at normal 
incidence due to the reduced projected absorber 
area and the inclined incident angle on the 
absorber. 

(2) An improvement of the thermal performance at 
inclined incident angle from the right (referring to 
figure 3) as long as no shading occurs 

(3) A reduction of the thermal performance at inclined 
incident angle from the left (referring to figure 3) 

 
As a result of points (2) and (3), the symmetrical incidence 
angle behavior perpendicular to the tube must be divided 
into two different areas. In previous tests and simulations of 
evacuated tube collectors, this fact has usually not been 
considered. To enable both, testing and simulation of these 
collector configurations the multi-axial incident angle 
modifier has been implemented in the TRNSYS type 132.  

 
Fig. 3: Schematic cross section of three tubes with planar 
absorbers in conventional orientation (upper row) and 
turned absorber (lower row) 
 
 
3.  PARAMETER IDENTIFICATION AND 
SIMULATION 
 
To investigate the multi-axial incidence angle modifier the 
thermal efficiency of an evacuated tubular collector with a 
flat absorber (see figure 3) was determined according to EN 
12975. Afterwards the tubes have been turned 30° to the 
east and the zero-loss efficiency η0 and the incidence angle 
modifiers were determined again.  
 

basic 
configuration  

30° east oriented 
absorber 

η0 [-] 0.782 0.675 

Kθd[-] 0.977 0.972 

a1 [W/(m²K)] 1.259 1.259 

a2 [W(m²K²)] 0.008 0.008 

ceff [J/(m²K)] 19300 19300 
 
Table 1: Collector parameters 
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Table 1 shows the determined collector parameters for the 
two collector configurations. It was assumed that the heat 
loss coefficients a1 and a2 as well as the effective heat 
capacity ceff of the collector do not change due to the 
adjustment. Figure 4 shows the distribution of the 
transversal incidence angle modifier of the two collector 
configurations. 
 

 
Fig. 4: Distribution of the transversal incidence angle 
modifier of the two collector configurations 
 
To determine the impact on the yearly energy gain of the 
collector a system simulation using TRNSYS with collector 
type 132 was carried out for both collector configurations. 
Two different collector orientations are simulated within a 
reference system: 
 

1. The collector is mounted horizontally on a flat 
roof. The tube are orientated in east-west direction 
(“flat roof”). 

2. The collector is mounted with a collector azimut of 
60° west on a roof tilted 50° („west roof“). 

 
Table 2 summarizes the calculated yearly collector gains for 
the four different system simulations. The collector 
configurations with the adjusted tubes results despite the 
significant reduction of the zero-loss efficiency in an 
increase of the yearly collector gain of 6% for the flat roof 
configuration and 4% for the west roof configuration. 
 

 basic configuration 30° east oriented 
absorber 

flat roof 564 kWh/(m²year) 597 kWh/(m²year) 

west roof 593 kWh/(m²year) 614 kWh/(m²year) 

 
Table 2: Yearly collector gain for the four different system 
simulations. 
 
 

4.  SUMMARY 
 
The thermal behavior of certain collector types can not be 
modeled by a bi-axial incidence angle modifier to a 
sufficient extend. This is also true for individually adopted 
collector configurations like evacuated tubular collectors 
with adjusted tubes. To predict the yearly collector gain of 
these collector configurations to a reasonable extend the 
multi-axial incidence angle modifier was introduced. For 
parameter identification and system simulation the multi-
axial incidence angle modifier has been implemented within 
the TRNSYS type 132. 
 
 
5.  NOMENCLATURE 
 
 

a1 [W/(m²K)] heat loss coefficient  
a2 [W/(m²K²)] temperature dependence of the 

heat loss coefficient 
b0 [-] parameter for the 

characterization of the incident 
angle modifier of the beam 
irradiance 

ceff [J/(m²K)] effective heat capacity 
IAM(θθθθ) [W/m²] incidence angle modifier for 

beam irradiance 
Kθθθθd [-] incident angle modifier for 

diffuse irradiance 
q&  [W/m²] useful collector output 
ηηηη0 [-] zero loss efficiency 
θθθθ [°] incident angle of the beam 

irradiance 
θθθθl [°] in the longitudinal plane 

projected component of the 
incident angle of the beam 
irradiance 

θθθθt [°] in the transversal plane 
projected component of the 
incident angle of the beam 
irradiance 
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SUMMARY 
 
This report aims to put focus on evacuated tubular collectors 
(ETCs) and their specific features from the point of view of 
testing and quality assurance. ETCs have many advantages to 
flat plate collector and can therefore contribute significantly, 
much more than today, to the large scale introduction of solar 
heating technology in Europe. A prerequisite for this however is 
that their quality and performance can be determined and 
assured in the same manner as how it has been successfully 
done for flat plate collectors. In order to achieve this, the present 
test methods and quality assurance schemes need to be 
updated so that the specific characteristics of ETC are also 
taken into account. 
 
This report describes why it is important to update the present 
methods to make them better fit to cope with performance and 
quality testing of ETCs and how it can be done. Some new tests 
and some ideas about further research work in the field of ETCs 
are also presented.  
 
 

 W4.1 – Resource document
Recommendations on testing of evacuated 

tubular collectors (ETCs)

Dissemination level: Public
 Author: Peter Kovacs, SP

December 2006
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1 Introduction 
Testing the thermal performance and quality of solar collectors has a relatively long history. 
Today’s European test standards where developed on the basis of ISO- and Ashrae standards 
that originate from before 1990. Even though the first evacuated tubular collectors where 
already present at that time, the flat plate collector was the standard product and so it has been 
until around 2000. Therefore, almost all of the work related to development of test methods and 
quality criteria for solar collectors has been done with the flat plate collector in mind. Only to a 
minor extent the ETC and it’s specific properties has been addressed. Recently, mainly due to 
the strong economic development in China, ETC has become more and more common in the 
global context. Mainly in China itself production in absolute numbers is amazing, but also in 
some European countries, ETC market shares have been growing rapidly. This has partly been 
due to promising cost/ performance ratios and the fact that ETC tend to perform better than flat 
plates under some circumstances. However in some cases it has become obvious that the low 
prices were also accompanied by low quality in different respects only this low quality wasn’t 
always revealed due to inadequate or improper test methods. Therefore, today’s test methods 
and requirements need to be updated and adapted to this somewhat reborn technology. Not 
only in order to create a fair competition between different collector types but also to give 
manufacturers and importers the proper tools to judge and further develop the quality and 
performance of ETCs. This way the technology will be able to contribute more significantly to the 
different European markets on the rise. Avoiding the risk of low quality, low cost products 
destroying the good reputation of Solar thermal technology is another important reason why 
ETCs need more attention in the test standards and in the quality assurance schemes.    
 
2 Experience from recent ETC implementation and testing  

2.1 Market development 

Apart from a very strong development in Sweden where market shares for ETCs, mainly 
imported from China, has grown from 5 to 25 % in a few years, only Ireland in Europe seem to 
have a large market share for ETCs. In most other countries the ETCs share of the total market 
is below 10% and has not been reported to grow. Due to a market share just above 10 % and a 
large total domestic market Germany has by far the largest number of ETCs sold in Europe- 
around 75 000 m2 in 2004. Australia reports a slowly growing market for ETC but also of many 
products failing to enter the market due to low quality.  

In China ETCs are a true success story. The overall annual growth rate for solar thermal is close 
to 30%, annual sales around 15 million square meters and the market shares for ETCs are 80-
90%, compared to 1997 when it was only around 35%. 

2.2 Inquiry about the state of the art 
In 2005 an inquiry about ETC testing and quality aspects was performed within the NEGST 
project [5]. The purpose of the inquiry was to give a background to an assessment of the need 
for revised test procedures regarding performance- and quality testing of ETC:s. The inquiry 
addressed the partners of the NEGST and Keymark II projects but also relevant industry actors 
and test institutes not directly involved in these projects. The majority of  questions were very 
“test- specific” but also general comments regarding need for revised test procedures, 
weaknesses in ETCs that should be assessed, present tests that are being done without 
justification etc. could be input. 
 
The questionnaire used in the inquiry was answered by ten laboratories, two Swedish importers 
of ETCs and by one Chinese manufacturer. The answers showed that most laboratories had 
quite a limited experience of ETC testing but also that several of the difficulties encountered in 
testing were common. The inquiry also turned out to raise more new questions than it answered 
and the proposals developed from the inquiry input may in many cases need further back up in 
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terms of scientific investigations in order to be clearly justified. Therefore the majority of the 
following recommendations, developed from the questionnaire input, should be seen as input to 
discussions in future standardisation work rather than as fully developed proposals for revisions.       

3 Specific aspects of evacuated tubular collectors ETCs 
In the following some specifics aspects of ETCs are highlighted in order to give a better 
understanding and background of the new or redefined tests that may be required to assure 
their proper function and long lasting performance. As different generic types of ETCs are partly 
very differently constructed and thus also have different potential failure modes they are here 
addressed first with respect to their common features and then with respect to the 
characteristics of each generic type. 
  
3.1 Specific features relevant to all types of ETCs 
 
The main features where ETCs in general differ significantly from flat plate collectors and thus 
require some particular attention with respect to performance- or quality testing and also 
regarding design requirements are summarized in the following table. 
 

Specific feature Implication on testing or system design 
The comparatively low heat 
losses resulting in high 
stagnation- and maximum 
operation temperatures 

• Difficult to determine efficiency at high 
temperatures with good accuracy 

• Difficult to determine unambiguous stagnation 
temperature 

• Special attention required in system design in 
order to avoid thermal stress on the heat transfer 
fluid 

The non planar shape of the 
collector surface, either it is 
fitted with a reflector or not 

• Difficult to determine proper loads for mechanical 
load tests 

• Bi- or multi axial incidence angle modifiers need 
to be determined in performance testing 

The frequent use of (external) 
reflector mirrors 

• Highly exposed component having a high 
influence on the performance but not being 
assessed in present test standards 

• Difficult to assess the long term effects on the 
collector output 

The fragile structure of the 
vacuum tubes 

• Impact resistance testing required in some 
regions 

The fact that the performance is 
heavily dependent on the 
quality (level, durability) of the 
vacuum 

• Difficult to determine vacuum loss in connection 
to quality tests 

• Difficult to assess the long term durability of the 
vacuum 

 

3.2 Single glass tubes 
 
ETCs built up by single glass tubes used to be the most common type of the early ETCs but 
these tubes have definitely become less common at the test institutes in Europe from 2004 and 
on. This probably also reflects their limited market penetration. The only feature specific to 
single glass tubes mentioned by the respondents in the inquiry was the reliability of the glass/ 
metal seal, which is not specifically addressed in the presently used quality tests. IZES seems to 
be the one European test laboratory that has measured most single glass tubes. 
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3.3 Double glass tubes 
 
Double glass tubes or Dewar type tubes have become more common at some of the test 
institutes from 2004 and on. SP and ITW did the most tests on double glass tubes and UNSW 
also reports quite a large number of tests. In Austria, Greece, Canaries and Portugal only one or 
two products were tested in the last years. In China this is by far the most common type of glass 
tube used in ETCs. Some of the specific features of double glass tubes mentioned by the 
respondents in the inquiry were 
 

• Effective capacity using calculation method according to EN 12975 is underestimated for 
ETCs built on double glass tubes 

• The collector models presently used in performance testing and modelling are not 
sufficient to describe the thermal characteristics (time constant and thermal capacitance) 
of ETCs built up by double glass tubes 

• Double glass tubes result in constructions having a comparatively large number of failure 
modes, in particular when equipped with a heat pipe and external reflector. This makes it 
more difficult to track reasons for low performance figures in testing and to safeguard a 
high and even quality of the product. 

• Double glass tubes, when used in “water in glass” systems means new challenges for 
quality testing of gaskets etc but this is presently treated as a system reliability issue and 
therefore not further addressed in this context. 

  

3.4 ETC with direct connection 
 
A critical aspect of ETCs with direct connection, i.e. with the heat transfer fluid (glycol/water 
mixture) circulating through the tubes is the thermal stress on this fluid. This is particularly 
relevant when the collector is fitted with a reflector resulting in stagnation temperatures in 
excess of 250°C. There are reports saying this can be dealt with by using a proper system 
design [2] but there are also reports where the conclusion is that this construction is very likely 
to cause problems. Potential problems could be avoided through special requirements on the 
installer documentation for this type of collectors or, in general terms, for any collector type that 
can reach stagnation temperatures higher than 230-250 °C. 

3.5 ETC with heat pipe connection 
 
From the increasing numbers of double glass tubes, many are fitted with a heat pipe which can 
then in turn, be fitted to the manifold through a “wet” or a “dry” connection. The heat pipe 
construction can be sensitive in several ways:  
 
• The amount and composition of the evaporating liquid 
• The vacuum inside the metal pipe 
• The material quality in the pipe and the design of the pipe and the bulb 
• Bad design or faulty installation of dry connection resulting in low heat transfer capacity 
• Risk for freezing 
• Damage due to high temperatures (reflectors) 
• Air pockets inside the bulb as a result of improper filling or material 
 
These possible failure modes together with the ones resulting from the “metal fin inside double 
wall glass tube” construction and the absorber itself makes variable quality and/ or energy 
performance much more likely for these collectors than for e.g. ordinary flat plate collectors. 
Furthermore, from the point of view of performance testing, dry out effects during testing under 
high irradiance should also be considered. 
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4 Recommendations 
In order to make the best out of ETC technology in the future, test methods and quality 
assurance measures need to be further developed. Furthermore, the knowledge about which 
the critical design parameters are and how they are affected by time and different kinds of stress 
need to be further developed. As an input to this work within standardization and research the 
following recommendations have been developed. 

4.1 Recommendations for revision of present methods (EN 12975-2:2006) 

4.1.1 Definitions 
 
Background material behind tubes (test rig) needs to be defined in the test standard when no 
reflector is present. Ideally a plain mat black background should be used, that will not contribute 
to light levels.  
 
Absorber area when reflector is used should be redefined. The definition according to EN 
12975-2 will give efficiencies higher then 1. 

4.1.2 Thermal performance testing- Efficiency testing 
 
Several laboratories reported a) that dry out effects can occur during testing of ETCs with heat 
pipes during high irradiance conditions and b) that the present collector model used in the 
standard was not able to accurately model the thermal capacitance and time constants of the 
collector (ETC with double glazing and heat pipe in particular) [4].  
 
It should be discussed how the dry out effects are to be handled during testing and in the 
reporting. 
 
Regarding the inadequacies of the collector performance model, one way around the problem 
suggested is using the model presented in [9], however this seems to create other difficulties in 
the evaluation of measurements. Therefore, this is at present a case for further research. 

4.1.3 Thermal performance testing- Thermal capacity 
 
The method available for calculating the thermal capacity (6.1.6.2) of the collector has been 
reported to underestimate quite substantially the figures for double glass ETCs and should be 
reviewed.  

4.1.4 Thermal performance testing- Stagnation temperature measurement 
 
Whether it refers to performance- or to quality testing, the determination of the stagnation 
temperature of ETCs is not adequately well defined in the present standard. Notes given in 
section 5.3.2 are too vague. More precise recommendations on sensor positioning (Note 1) 
should be given, one for each of the most common designs of ETCs unless a common generally 
significant positioning can be defined. Alternatively, the method suggested in Note 2 could be 
made normative for ETCs.  
 
Ability to determine accurately the stagnation temperatures of ETCs may eventually lead to a 
more accurate performance prediction at high working temperatures (over 120°C) where today’s 
figures are extrapolations from measurements at lower temperatures. 
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4.1.5 Thermal performance testing- Specification of physical properties 
 
To serve better as a base for quality assurance of ETCs, Annex D should be further 
differentiated in order to describe better the physical characteristics of the collectors. For 
example most properties stated for the absorber in todays standard should also be stated for the 
heat transfer plate used in double glass tubes. A number of terms should furthermore either be 
generalised or specifically mentioned with regard to ETCs in addition to the ones that today 
refers explicitly to flat plate collectors, eg. “tube spacing” in addition to “riser spacing”. Also the 
properties of an optional reflector, often present with ETCs, should be declared. 

4.1.6 Quality testing- General 
 
In order to reveal low quality products, in particular among ETCs with double glazings and heat 
pipes, it is recommended to introduce a test cycle for these collectors where the same collector 
is first measured for efficiency, then subjected to a (possibly revised, tougher) high temperature- 
and exposure test and then measured for efficiency once again. In order to save costs one of 
the efficiency tests could be limited to zero loss efficiency, but preferably also the eventual 
increase in heat losses should be assessed. 
 
This way the entire collector will be checked for any fault that may have occurred during the high 
temperature- and exposure tests and which are more probable to occur on these specific 
collector types than on other types as explained in previous sections. A second, simpler option 
for this type of test is presented in section 4.2.1 of this document but in this case, only the 
reliability of the heat pipe it self will be checked. 

4.1.7 Quality testing- High temperature resistance- and exposure test 
 
In Australian collector tests, a type of accelerated exposure test is achieved by means of 
exposing the whole collector to high irradiance and ambient temperature conditions for a period 
of 12 hours per day during ten days. A solar simulator with less stringent requirements on it’s 
performance than for performance testing of collectors, and a temperature controlled chamber is 
used for the test [8].  
 
The present European exposure test has been under a lot of debate, mainly due to it’s inability 
to maintain uniform test conditions all over Europe and in the specific case of ETCs it is not 
considered very efficient in terms of revealing their weaknesses. It is therefore suggested that a 
new form for the exposure test is developed along the ideas of the Australian test. This new test 
could either be complemented by, or merged with the concluding high temperature test for heat 
pipes suggested in paragraph 4.2.1. 

4.1.8 Quality testing- Mechanical loads 
 
Defining the proper load in mechanical load tests on ETCs is a tricky matter. What loads that are 
likely to create problems for the durability of ETCs are most probably also not completely the 
same kind of loads as the ones creating problems for flat plates. In Germany test labs decided 
together with the manufacturers to cancel tests for negative and positive pressure on collector 
cover as these tests are not considered to make sense for ETCs. However the issue of heavy 
snow loads might still be worth considering. It is recommended to follow the introduction (or 
collect already existing experience) of ETCs in snowy regions to find out if it’s a serious problem 
worth taking into account for testing.  
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In Sweden ETCs resistance to positive pressure has been tested for some time, with a 
requirement of 2000 Pa, hardly ever resulting in failure of the tubes themselves however 
sometimes revealing weaknesses in the fixings of the tubes. The method used has been more 
or less the same as the one described in 5.9.1.2 of the EN however, an air pressure was used to 
create the load and a thick plastic film used to distribute the load evenly over the tubes. The load 
requirement was furthermore reduced by multiplying it with a factor equal to the ratio of the 
aperture to the “aperture including space between tubes” area, in general resulting in the normal 
requirement of 2000 Pa being reduced to around 1200 Pa.   
 
It is suggested to exclude ETCs without reflectors from the mechanical load requirements in 
5.9.1 and 5.9.2 unless it is shown from recorded practical experiences that either of them are 
motivated. 
 
It is suggested to include ETCs with reflectors in the mechanical load requirements in 5.9.1. and 
5.9.2 but in this case the reflector and not the glazing should be the subject of the requirements. 
A positive or a negative mechanical load can be applied to the reflector by means of an airtight 
box divided in two compartments by a plastic film also covering either side of the reflector 
surface and one of the compartments being pressurized by air. 

4.1.9 Durability of reflector materials 
 
In addition to the mechanical load resistance, suggested to be tested in paragraph 4.1.8, the 
long term optical properties of the reflector is of course also of high interest. Some international 
standards (to be checked XXX) for assessment of this is available and it is recommended that 
one of them is incorporated in the standard as a normative requirement for ETCs that are tested 
and sold with an external reflector. 

4.1.10 Quality testing- Impact resistance 
 
Positive impact resistance test is only possible with ice balls. Impact resistance using steel balls 
and ice balls are not comparable [4] (which is already spelled out in the standard) but 
furthermore ETCs are told not being able to withstand the impact of the steelballs. Therefore 
method 1 in 5.10 should be deleted. Method 2 may need a review [7]. 

4.1.11 Documentation  
 
In order to reduce the risk for brake down of the heat transfer fluid in the collector loop that may 
occur when exposed to temperatures above 230°C, special considerations should be taken 
when designing the loops including such high efficient collectors. In 7.3 of EN 12975-1 
(requirements on the installer manual) it should at least be added “…installation...” to the 
paragraph “Recommendations about the heat transfer media..” and furthermore reference [2] 
containing some practical design considerations, should be added in the same paragraph. 

4.2 Proposals for new test methods 

4.2.1 Freeze testing of heatpipes 
 
Damaging of heatpipes due to freezing can result from improper composition of the working 
media in the heatpipe or from bad design of the metal tube (material quality, thickness, shape of 
lower end) and has been reported by several sources [3, 4, 10]. As breakage of the metal tube 
in the case of bad design often doesn’t occur until after several freeze/ thaw cycles, the following 
procedure has been proposed: 
 
At least five samples of the product should be exposed to 100 cycles of  
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1) 1 hour freeze time in -20°C or lower temperatures.  Heat pipes should be sitting at a 10-20° 
angle which is the harshest condition for them 
 
2) 20 minutes in an oven at 150°C, Once every 10 cycles, in the oven for 20min to 200°C (or the 
actual stagnation temperature of the collector in case) thus mimicking a possible stagnation 
condition. 
 
Problems are shown either as a deformation at the bottom of the heatpipe (requirement on max. 
change in diameter needed) or as the formation of an air pocket which results in a cool area at 
the top of the heatpipe when exposed to heat at the bottom. The 100 cycles should be 
concluded by a 24 hour exposure at the stagnation temperature of the collector in case and 
then: 
 
3) Turn the heat pipes upside down (tip down) in a container of hot (>50oC) water, at least 30cm 
deep.  Swirl the heat pipes around to allow them to "start" and check to make sure they are 
working ok 
 
The product has failed if more than one heatpipe either forms an air pocket or shows a 
deformation higher than allowed. If one heatpipe fails, the test can be rerun with new samples. 

4.2.2 Durability of glass to metal seals 
 
In order to assess the durability of the glass to metal seal in the types of ETCs where such seals 
exists either a vibration or a cyclic tension applied to metallic parts entering the glass tube may 
be considered. 

4.3 Recommendations for further work 
 
In general the heat transfer mechanisms of the ETCs and how different parts of ETCs respond 
to different kinds of stress need to be better known. A call for a common research effort was 
distributed in late 2006 [6]. Two more specific topics that call for attention are: 
 
Any severe weaknesses in today’s performance test methods/ models would be revealed 
through a project where the most common ETC types where tested for performance and then 
measured for a longer period to have a thorough comparison: measured to modelled 
performance. 
 
Problems with vacuum losses of the tubes are of course critical to the performance of ETCs. At 
present it is difficult to determine the vacuum loss and the tests performed in the standards are 
not able to verify the long time durability of the vacuum. 
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STAGNATION TEST FOR COLLECTORS AND INTEGRAL COLLECTOR AND 
CONTAINER 

(Normative) 

A.1 SCOPE 
This Appendix sets out two methods for assessing the ability of a collector or integral collector 
and container to withstand temperatures close to the maximum temperatures that it will 
encounter under some or all of the following conditions: 

NOTE:  Either of the two methods set out in this Appendix may be used, but it should be noted that Method 1 
is not suitable for use with collectors with heat pipes. 

(a) When empty during installation; 

(b) When empty during its service life; and 

(c) When full of water but not being used in peak summer conditions 

Such temperatures occur during periods of no useful heat removal from the collector with high solar 
radiation and ambient temperatures. 

NOTES: 
1 In order to more realistically model extreme conditions, the test conditions have been changed from 

1200 W/m2 radiation and 40°C ambient temperature to 1100 W/m2 and 50°C.  Collectors compliant 
with the former conditions are deemed to comply with the new conditions.  The conditions in 
ISO 9806-2 for high temperature resistance test ‘Sunny C’ are also deemed to comply. 

The effective environmental temperature for New Zealand is 40°C for Method 1.  For New Zealand 
the conditions in the ISO 9806-2 for high temperature resistance test ‘Sunny B’ are acceptable.  
However, the collector must be marked in accordance with Clause Error! Reference source not 
found. Error! Reference source not found. if this test method is used. 

2 The Method 2 test has a lower radiation level and ambient temperature to account for the fact that the 
thermal radiation level received by the collector from the simulator lights is higher than from the 
natural sky. 

A.2 APPARATUS 
C2.1 Method 1  

NOTE: This method is not appropriate for use with collectors with heat pipes. 

The following apparatus is required (see also Figure C1). 
(a) A pumped heat transfer loop using a suitable heat transfer liquid, with the collector forming part of 

the loop.  A suitable heat transfer fluid is one that will remain in its liquid state at the stagnation 
temperature and the maximum operating pressure of the collector. 

(b) A stand on which the collector will face normal to the direct beam solar radiation at solar noon.  A 
suitable stand is described in AS/NZS 2535.1 or ISO 9806-1. 

(c) Thermometers or temperature-measuring devices to measure the temperature of any critical 
materials or heat-sensitive components during the test. 

C2.2 Method 2 
The following apparatus is required: 
(a) A solar simulator of suitable size. 

(b) A temperature-controlled chamber in which the collector may be placed when exposed to the 
simulator. 

(c) Thermometers or temperature-measuring devices to measure the temperature of any critical 
materials or heat-sensitive components during the test. 



A.3 PROCEDURE 
C3.1 Method 1 
The procedure shall be as follows: 

NOTE: In this procedure, two approaches are made to determine the stagnation temperature (Ts).  The first 
approach is detailed in Steps (a) and (b), and the second approach (which is a cross-check and 
correction) in Steps (c) and (d). 

(a) Test the collector for thermal performance in accordance with AS 2535. 

(b) From the constants supplied from Step (a) calculate, in accordance with the equation below, the 
stagnation temperature (Ts) when — 

(i) the efficiency is zero; 

(ii) the total global radiation is 1100 W/m2; and 

(iii) the effective environmental temperature is 50°C. 

The stagnation temperature (Ts) is calculated as follows: 
 

…C3(1) 
 

The values for the terms used in 
the equation are obtained by 

testing in accordance with AS/NZS 2535.1. 
(c) As a cross-check for the stagnation temperature, proceed as follows: 

(i) Install the collector on the stand in accordance with the manufacturer’s instructions and 
adjust its inclination to provide for maximum (clear sky) solar irradiation.  Ensure all the air 
has been bled from the system. 

(ii) Measure the total global solar radiation (G) on the plane of the collector and the ambient 
temperature (Ta).  Adjust the temperature of the fluid (Tf) entering the collector to — 

 
…C3(2) 

 
(iii) Measure the temperature 

difference (ΔTfluid) of the fluid 
flowing through the collector and determine that the collector has reached steady state by 
plotting the collector outlet temperature versus time.  If there is a temperature rise, increase 
the fluid temperature entering the collector by 5°C, or, if there is a temperature drop, reduce 
the fluid temperature entering the collector by 5°C. 

(iv) Measure G, Ta, and the temperature difference across the collector.  If there is still a rise or 
drop, repeat Step (iii).  If the rise has become a drop or vice versa, then the true stagnation 
temperature has been saddled. 

(v) The correction to be applied to the predicted stagnation (Ts) is shown in Figure C2. 

(d) Adjust the fluid temperature to Ts plus the correction obtained in Step (c). 

(e) Adjust the flow rate through the collector so that the average inlet temperatures and the average 
outlet temperature over the test period are both greater than the stagnation temperature (measured 
at least every 5 min). 

(f) Run the system at this flow rate and temperature for 12 h and then turn the pump off for 12 h.  
Continue this cycle of operation for 10 days.  Ensure that the heat transfer fluid is at the calculated 
stagnation temperature prior to commencement of each cycle of operation. 

(g) Visually inspect the collector daily and note any changes in its appearance. 

(h) Terminate the test after 10 days or when there is evidence of structural or material deterioration that 
would impair the operation of the collector, whichever is sooner. 



(i) Carry out a test of the thermal performance of the collector in accordance with AS/NZS 2535.1, at 
a single test point using a fluid inlet temperature of at least 50°C or a value of (Tf – Te)/GT, which is 
half of the stagnation value at GT = 1000 W/m2 and Ta = 25°C; whichever is the lower.  Compare 
the results of this test with those obtained in Paragraph C3.1(a). 

C3.2 Method 2 
The procedure shall be as follows: 
(a) Test the collector for thermal performance in accordance with AS 2535. 

(b) Install the collector on the stand in a temperature-controlled chamber and adjust its inclination so 
that it receives normal incident radiation from the solar simulator.  Ensure that all the air has been 
bled from the system. 

(c) Ensure that the collector is full of heat transfer fluid.  It is not necessary to have any flow through 
the collector for this test method. 

(d) Ensure that the air temperature adjacent to the collector is greater than 38°C, or, for the New 
Zealand only test, greater than 30°C, when the lamps are operating. 

(e) Adjust the solar simulator output so that the average radiation measured at 6 uniformly distributed 
points on the collector is 1050 W/m2

 or greater, with less than 20% variation across the aperture.  
Solar spectral lamps as specified in AS/NZS 4445.1 shall be used. 
NOTE: Alternative arc lamps may be used; however, these lamps have a higher long wave radiation output 

and will result in a more severe test for some covers and glazing seals. 

(f) Run the system under these conditions with the simulator being operated 12 h on and 12 h off for 
10 days. 

(g) Visually inspect the collector daily and note any changes in its appearance. 

(h) Terminate the test after 10 days or when there is evidence of structural or material deterioration that 
would impair the operation of the collector, whichever is sooner. 

(i) Carry out a test of the thermal performance of the collector in accordance with AS/NZS 2535.1, at 
a single test point using a fluid inlet temperature of at least 50°C or a value of (Tf – Te)/GT, which is 
half of the stagnation value at GT = 1000 W/m2 and Ta = 25°C; whichever is the lower.  Compare 
the results of this test with those obtained in Paragraph C3.2(a). 

A.4 REPORTING OF RESULTS 
The following results shall be reported: 
(a) The make and model identification of the system of which the collector forms a part. 

(b) Full details of the temperature measurements and the dates and duration of the test. 

(c) Details of the condition of the collector following the test with particular regard to — 

(i) any structural failure; 

(ii) any burning, scorching or heat shrinkage; 

(iii) any effect likely to impair the serviceability of the collector; and 

(iv) any degradation in performance as a result of the test. 



 

FIGURE C1   SCHEMATIC OF APPARATUS TO MEASURE EFFECTS OF 
PROLONGED STAGNATION TEMPERATURE (Ts) 
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ABSTRACT 
 
Ageing processes due to degradation factors like 
temperature may result in a decrease of the thermal 
efficiency of solar collectors. To be able to determine the 
energy output delivered by solar collectors throughout their 
lifetime, it is necessary to quantify the efficiency 
degradation. This can be achieved by accelerated ageing 
tests and the implementation of the characteristic 
degradation mechanisms in a suitable collector model. 
 
The paper explains how ageing processes due to 
temperature influence can be described with numerical 
models. A first draft of a performance model for solar 
thermal collectors that takes into account ageing processes 
has been developed on the basis of the existing collector 
model of the European Standard EN 12975 /1/. With this 
advanced model degradation mechanisms due to elevated 
temperatures can be considered.  
 
The model is implemented in the simulation programme 
TRNSYS and some exemplarity simulations are carried out. 
The results show the expected solar gain throughout an 
operation period of  20 years and the impact of ageing on 
the collector gain is demonstrated exemplarily.  
 
 
 
1.  INTRODUCTION 
 
Standardized test procedures are already available for the 
determination of thermal efficiency, reliability and 
durability of solar collectors /1/. Regarding environmental 
aspects, the determination of the energy payback time has 

become an important assessment tool. Up to now the yearly 
energy output of a solar collector is determined based on the 
results of a thermal performance test where the 
characteristic collector parameters are determined with new 
collectors. However, for an integral assessment of solar 
thermal collectors and systems, it is necessary to consider 
the change of performance with time due to degradation 
effects. 
 
In order to be able to calculate the overall energy output 
delivered by the solar collector during its lifetime, a 
collector model has been developed that takes into account 
degradation mechanisms.  
 
 
2.  DEGRADATION MECHANISMS 
 
A great variety of degradation mechanisms can be observed 
for solar thermal collectors. Nevertheless only few of them 
will be mentioned in the following. Regarding the selective 
absorber coating two degradation processes are of major 
importance: oxidation as a result of high temperatures and 
hydratisation/hydrolysis due to high humidity. Outgassing 
of the thermal insulation can result in a reduced 
transmittance of the transparent collector cover as well as in 
a deterioration of the thermal conductivity of the insulation 
material. Components made from polymeric materials are 
sensible to ultra-violet radiation, which activates 
photooxidation processes that may result in a loss of 
transmittance.  
Several investigations on the influence of the degradation 
factors temperature and UV-irradiation on component level 
have been made in the past years. IEA Task X /2/ examined 
the degradation behaviour of selective absorber coatings 
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with the result of a draft standard /3/ for accelerated ageing 
tests for solar absorber surfaces. Other investigations dealt 
with the ageing behaviour of transparent covers /4/. The 
results make it possible to forecast the degradation of 
individual components like the selective coating or the 
transparent cover. Nevertheless no statement can be made 
how these mechanisms affect the overall performance of the 
entire collector. Therefore an integral approach has been 
developed, that permits a forecast on the ageing process of 
the whole collector.  
 
This integral approach considers the influence of 
degradation processes on the collector performance 
parameters (τα), U1 and U2. That means that it is not 
necessary to verify the degree of degradation a certain 
temperature load would have for example on the 
absorption/emission coefficients of the absorber. But it is 
interesting how this certain temperature load will affect the 
collector parameters and consequently the collector 
performance.  
 
 
3.  COLLECTOR MODEL 
 
The major driving force of the degradation processes related 
to the thermal insulation and the selective coating is the 
absorber temperature. The possible absorber temperature 
has been increased considerably in the past few years 
through the ambition to achieve higher performance and 
higher fractional energy savings. 
 
Therefore in this first approach of implementing degradation 
effects in a collector model, we concentrated on the 
degradation caused by the factor “absorber temperature”. 
 
3.1 One-node-model 
 
The already established collector models documented in 
national and international testing standards e.g. EN 12975 
/1/ and ISO 9806 /5/ use a 1-node model (see figure 1). 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 1: One-Node-Model 

In this case all the capacities of the components of the 
collector are lumped together in one capacity node having 
fluid temperature. The 1-node collector model is 
characterized by the differential equation 1. 
 

 
 
 

  (1) 
 
Obviously the 1-node model does not distinguish between 
absorber temperature and the temperature of the heat 
transfer fluid. As for degradation of the selective surface the 
absorber temperature is the dominant factor, it is necessary 
to know the temperature of the absorber. Therefore a two-
nodes-model has to be defined. 
 
3.2 Two-nodes-model 
 
For the time being the 2-nodes-model illustrated in fig. 2 is 
used.  

Fig. 2: Two-Nodes-Model 
 

(2) 
 
 

 
 
(3) 

 
 

In this case the thermal capacity of the collector is 
subdivided into the capacity of  the absorber Cabs and the 
fluid Cfl. The absorber node is heated by the incident solar 
irradiance G depending on the value of the transmittance-
absorptance product (τα). The heat losses of the absorber 
lossq& are based on the temperature difference between  the 

absorber and the ambient. The heat transfer from absorber to 
fluid is determined by the heat transfer capacity rate (UA) 
and the temperature difference of the absorber and the fluid. 
Using differential equation 2 and 3 the 2-nodes-model has 
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been implemented into a modified version of the TRNSYS 
type 132.  
 
 
4.  ACCELERATED AGEING TESTS 
 
As ageing is a long-lasting process, accelerated ageing tests 
have to be carried out in order to be able to predict the 
ageing behaviour of the collector. Accelerated ageing can be 
achieved by charging the collector with a higher “dose” of 
the maximal load than can be found under operation 
conditions.  
 
For most degradation processes caused by diffusion, 
chemical reactions or desorption the temperature 
dependence can be described with the Arrhenius correlation 
as shown in equation 4. 
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The equation gives a correlation between the time tn and 
temperature Tn at which the collector will experience the 
same degree of degradation as it does at the accelerated 
ageing test (tref, Tref). Whereas an represents the acceleration 
of degradation according equation 5. 
 

n
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The activation energy ET for the degradation has to be 
determined experimentally.  
 
Based on the results of the accelerated ageing tests and the 
above mentioned time transformation function a relation 
between real time ageing and accelerated ageing can be 
derived.   
 
Since degradation also depends on the individual material 
composition of the collector the ageing process will be 
different for every collector, and accelerated ageing tests 
have to be done for each collector separately. First a thermal 
performance test has to be carried out, where the three 
collector parameters (τα),U1 and U2 will be determined for a 
collector in new condition. Taking into account the 
temperature and time dependency of the collector 
parameters according to equation (6) to (8) within the 2-
node-collector model the accelerated ageing can be started. 
 

(6) 
(7) 
(8) 

 

In this case a high temperature load for a definite time span 
is applied for accelerated ageing. Subsequently the three 
collector parameters are determined again in a thermal 
performance test and the deviation of the three collector 
parameters ∆(τα), ∆U1 and ∆U2 with respect to the initial 
state is recorded. Now the degradation of the collector 
parameters is known for a certain impact and time span and 
accelerated ageing can be started again. This can be 
repeated as many times as required. 
 
 
5.  IMPLEMENTATION OF DEGRADATION EFFECTS 
IN THE COLLECTOR MODEL 
 
The Arrhenius correlation according to equation 4 has been 
implemented in the two-nodes-collector model in a way that 
for each simulation time step the degradation of the 
collector parameters (τα), U1 and U2 is determined.  
 
In order to account for the individual ageing behaviour of 
the collector the parameter list of TRNSYS type 132 was 
extended by the following parameters. 
- the activation energy ET 
- the temperature used during the accelerated aging test Tref 
- 10 possible defined times  (t0 to t9) at which the 

accelerated aging test has been interrupted for the 
determination of the changed collector parameters (τα), 
U1 and U2 

- 3 times 10 parameters describing the changes (∆(τα), ∆U1 
and ∆U2) in the collector parameters (τα), U1 and U2 
corresponding to the times (t0 to t9) 

 
Fig. 3 shows as an example two possible degradation 
scenarios for the transmittance-absorptance product (τα). 

Fig. 3: Examples of possible results of the accelerated 
ageing tests: linear degradation of the collector parameter 
(τα) in comparison with non-linear degradation 
 
One scenario represents a linear degradation process with a 
continuous decrease of the parameter ∆(τα) in comparison 
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with the initial values at t0 = 0. The other scenario shows 
exemplarily a course of a strong degradation in the 
beginning that stops after some time.  
 
All parameters have to be determined by experiment 
whereas not all of the 10 possible supporting points of the 
degradation process have to be used. However the model 
can be used to analyze the thermal performance of a solar 
collector over its lifetime using virtual degradation courses. 
 
 
6.  SIMULATION RESULTS 
 
In the following it is shown with the help of an example 
how the model can be used to determine the energy output 
of the collector during its lifetime. The parameters used in 
the system simulation (table 1) and the course of 
degradation indicated in table 2 are an assumption and no 
real measured data, with the intention to show how the 
model works.  
 
The system simulation is carried out for a typical solar 
combisystem consisting of 15 m² collector area, a tank-in-
tank store with a volume of 750 l, a daily hot water load of 
200 l per day and a yearly space heating demand of 
9090 kWh/m²a. Regarding weather data the test reference 
year of Würzburg was taken, a typical German city with 
moderate climate. During the simulation time that has been 
set to 20 years, the same weather data and load profile file 
have been used for each year. 
 
The initial collector parameters (τα), U1 and U2, the 
temperature at which the accelerated ageing tests have been 
carried out tref as well as the activation energy ET for the 
ageing process are indicated in table 1.  
 
TABLE 1: INPUT DATA USED FOR THE SIMULATION 

 
 
 
 
 
 
 
 

It is assumed that the accelerated ageing test of the collector 
was carried out at a test temperature of 220 °C. The 
collector parameters are determined with a performance test 
in characeristic time steps between t0 = 0  and t3 = 100 hours 
exposure to test temperature in laboratory. Whereas the 
parameters at t0 = 0  correspond with the parameters of the 
collector in new condition (table 1). Table 2 indicates the 
time after which the collector performance and the 
corresponding degradation of the collector parameters 
∆ (τα) and ∆U1 was determined. As in the chosen 

degradation process pattern the parameter U2 has not much 
influence, this contribution was neglected and the deviation 
was put to zero. 
 
TABLE 2: ASSUMED DEGRADATION PROCESS 
PATTERN 

 
 
 
 
 

 
During the simulation the three collector parameters are 
modified continuously after each individual timestep in 
order to account for the aging effects. The programme 
calculates the respective absorber temperature in the 
timestep and determines the deviation of the initial collector 
parameters with the help of the implemented Arrhenius 
correlation and the provided degradation process pattern. 
 
As one result, the simulation gives out a summary with the 
collector parameters after a specified time span. In the 
present study the simulation time was set to 20 years. So the 
progress of the degradation as illustrated in figure 4 can be 
seen.  
 

 
 

 
 

 
 

 
 
Fig. 4: Impact of degradation process on collector 
parameters  
 
 
Interesting is the effect this degradation will have on the 
collector energy output Qcol. Figure 5 faces the yearly 
energy output of the collector without taking into account 
degradation (Qcol standard) with the yearly energy gain 
delivered by the present simulation with consideration of the 
degradation process. Qcol standard remains unchanged over 
the whole period, as no degradation was considered. Even 
though only an assumed degradation of the parameters was 
considered, the comparison of both simulations makes clear 
that the loss due to degradation might constitute a 
considerable part in the course of 20 years. 
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Fig. 5: Comparison of yearly energy gain with and without  
consideration of degradation progress 
 
6.  SUMMARY 
 
The energy output of solar thermal collectors can be 
influenced considerably through degradation processes. In 
order to be able to calculate the change of performance with 
time due to degradation effects, the degradation processes 
have to be implemented in a collector model. A first draft of 
a collector performance model that takes into account 
degradation effects caused by temperature was implemented 
in TRNSYS type 132. Using this model the overall energy 
output during the whole lifetime of the collector can be 
predicted. 
 
Besides the determination of the overall energy output of the 
collector other interesting aspects can be investigated by 
using the model. System simulations can give information 
about: 
- “Does an anti-stagnation strategy really result in a 

significantly reduced degradation of the collector?”  
- “Will the advantage of antireflective glazing prevail the 

disadvantage of higher thermal stresses over the 
lifetime?” 

 
In order to be able to give reliable forecasts, additional 
investigations are necessary so that a uniform accelerated 
testing procedure can be developed. One important aspect, 
would be the establishment of a relationship between 
accelerated ageing in laboratory and ageing under operating 
conditions, which is presently part of the research work at 
ITW, Germany. 
 
 
7.  NOMENCLATURE 
 

a1 [W/(m²K)] heat loss coefficient 
a2 [W/(m²K²)] temperature dependent heat loss 

coefficient 
an [-] acceleration due to increase of 

temperature an = tref/tn 
cp [J/(kgK)] specific heat capacity of the heat 

transfer fluid 
Cabs [J/(m²K)] absorber heat capacity 
Cfl [J/(m²K)] fluid heat capacity 
ET [J/mol] activation energy 
F’ [-] collector efficiency factor 
G [W/m²] hemispherical irradiance 
m&  [kg/s] mass flow rate of the heat transfer 

fluid 
absq&  [W/m²] heat flux from the absorber to the 

heat transfer fluid 
lossq& [W/m²] heat losses a of the absorber 

useq&  [W/m²] collector output 
Qcol [kWh/y] yearly collector output 
R [J/(mol K)] individual gas constant (R=8.314 

J/(mol K)) 
tn [h] time during which the collector is 

exposed the temperature Tn, 
resulting in the same degradation 
effect as under reference 
temperature 

tref [h] time during which the collector is 
exposed to a reference test 
temperature Tref 

Tn [K] any other temperature the collector 
is exposed during a certain time tn 

Tref [K] reference test temperature 
(UA) [W/K] heat transfer capacity rate between 

absorber and fluid 
U1 [W/(m²K)] heat loss coefficient 
U2 [W/(m²K²)] temperature dependent heat loss 

coefficient 
ϑabs [°C] absorber temperature 
ϑamb [°C] ambient temperature 
ϑfl,in [°C] fluid inlet temperature 
ϑfl,m [°C] mean fluid temperature 
ϑfl,out [°C] fluid outlet temperature 
(τα) [-] transmittance-absorptance product 
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Foreword 

This recommended qualification procedure is primarily based on the results of work performed on solar 
collector absorber surfaces within the framework of the International Energy Agency Program on Solar 
Heating and Cooling. The IEA work on solar collector absorber surfaces is reported in references given in 
Annex E. 

 

 



 

 
 

Introduction 

To effectively select, use and maintain a material in a given application, its degradation under service 
conditions must be predicted prior to use. Preferably, the durability of the material should be expressed 
quantitatively in terms of an expected service life. Durability in this case is the ability of a material to withstand 
deterioration caused by all external factors in the environment, which may influence the performance of the 
material under service conditions. Service life is defined as the period of time after installation during which 
specific material properties important for the performance of the material meet or exceed minimum acceptable 
values. 

The service life of a material is, thus, not solely dependent on its physical and chemical properties, but also on 
its performance requirement in the application considered, and on the external environmental factors, which 
influence performance under service conditions. In design work, the important question is if a specific material 
can be expected to have a service life longer than a certain value, the so called design service life; the latter 
dictated by life cost considerations taking into account the total system. Service life assessment may be based 
on feed back data from practise or on results from so called qualification or acceptance durability tests. 

The present recommended qualification procedure for solar absorber surface durability is based on the 
conduct of a series of short term durability tests. During a test the optical performance of the absorber surface 
tested is determined by measuring its solar absorptance and thermal emittance. From the loss in optical 
performance of the absorber surface, its failure time in the test performed is assessed and compared with the 
shortest acceptable failure time set by the design service life of the absorber. Design service life, performance 
requirement defining failure time in terms of loss in optical performance, classification of type and levels of 
environmental stress are set under the assumption, that the absorber surface tested will be installed in a flat 
plate solar collector for use in domestic hot water systems. 

The recommended qualification procedure may favourably be used in the development and validation of new 
kinds of absorber surfaces. From the results of tests, it can be concluded whether it is likely that an absorber 
surface tested may meet the requirement for an acceptable service life also in practise. The recommended 
durability testing procedure has proved to give results in fairly good agreement, both qualitatively and 
quantitatively, with what has actually been observed on absorber surfaces tested for longer time periods in 
solar collectors working under typical domestic hot water system conditions. 

 



 

 
 

Recommended qualification test procedure for solar absorber 
surface durability 

1 Scope 

This recommended procedure specifies a scheme of short term durability tests to be used in the qualification 
of absorber surfaces for the intended use in single glazed flat plate solar collectors for domestic hot water 
production. 

An absorber surface is considered qualified if it meets the requirement of design service life of 25 years. The 
maximum loss in the optical performance of the absorber surface, defining its service life, is fixed at a level 
corresponding to a reduction in solar domestic hot water system performance, i.e. solar fraction, of 5 % in 
relative sense.  

In the qualification procedure, the environmental factors considered the most important for the absorber 
surface durability are limited to temperature, humidity, and atmospheric corrosivity, the latter expressed in 
terms of concentration of sulphur dioxide in high humidity air. The program of short term durability tests is 
accordingly restricted to the simulation of three types of absorber surface degradation processes: a) high 
temperature degradation, b) degradation by the action of condensed water on the absorber surface, and c) 
degradation caused by high humidity in air containing a small concentration of sulphur dioxide as an airborne 
pollutant.  

To quantify the expected environmental stress on the absorber surface determining its service life, 
microclimate data are utilized representing typical service conditions for absorbers in single-glazed flat plate 
collectors for domestic hot water production. For interpretation of the test results, time-transformation 
functions are used to relate intensities of the environmental factors under service conditions to that of the test 
conditions for the short-term durability tests. The requirement on the service life of the absorber surface may 
then be converted into acceptable failure times in the short-term tests. To conclude whether a specific 
absorber surface is qualified or not, requires a scheme of short-term tests of each category to be executed. 

The recommended procedure is applicable for qualification of all kinds of absorber surface materials designed 
for flat plate collectors for the intended use of domestic hot water production. It is particularly suited for 
qualification of electroplated and sputtered selective absorber coatings for which the procedure was originally 
developed. If the absorber surface consists of an organic coating, e.g. a selective paint system, the effect of 
UV-degradation on optical performance of coating should be considered.  

2 Normative references 

The following referenced documents are indispensable for the application of this recommended procedure. 
For dated references, only the edition cited applies. For undated references, the latest edition of the 
referenced document (including any amendments) applies. 

ISO 4624 – 1978 Paints and varnishes - Pull-off test for adhesion 

ISO 9226 – 1992 orrosion of metals and alloys - Corrosivity of atmospheres - Determination of corrosion rate 
of standard specimens for the evaluation of corrosivity 

ISO 10062 - 1991 Corrosion tests in artificial atmosphere at very low concentrations of polluting gas(es) 
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ISO 8407 - 1991Corrosion of metals and alloys - Removal of corrosion products from corrosion test 
specimens 

ISO 9845 - 1:1992 Solar Energy - Reference solar spectral irradiance at the ground at different receiving 
conditions. Part 1: Direct normal and hemispherical irradiance for air mass 1.5 

3 Terms and definitions 

For the purpose of this recommended qualification procedure, the following definitions apply.  

3.1 
Design service life  
The time period of exposure under service conditions after installation during which the absorber surface is 
expected to meet the performance requirement. 

3.2 
Failure time  
The time period of exposure in the test during which the absorber surface meets the performance 
requirement. 

3.3 
Solar absorptance αs  
Fraction of solar radiation absorbed by absorber surface determined from measurement as is described in 
Annex A. 

3.4 
Thermal emittance ε  
Near normal  thermal emittance at 100 °C determined from measurement as is described in Annex A. 

3.5 
Performance criterion function PC  
Quantity used for expressing the change in optical performance of absorber surface defined as: 

PC = - ∆αs + 0,50 ∆ε          (1) 

The change in the solar absorptance 

∆αs  = αs,t - αs,i                            (2) 

with αs,t equal to the value of the solar absorptance at the actual time of the test or at service, and          
with αs,i  equal to the initial value of solar absorptance  

Τhe change in the thermal emittance 

 ∆ε  = ε t - ε i                            (3) 

with εt equal to the value of the thermal emittance at the actual time of the test or at service and             
with ε i  equal to the initial value of thermal emittance. 

NOTE 1 This performance criterion function is primarily based on location averaged values of the performance of typical 
solar domestic hot water systems; see reference [1] in Annex E. But, in the IEA Task 10 testing procedure referred to a 
slightly different definition of PC is used, namely PC = -∆αs - 0.25 ⋅ ∆ε. Investigations made by the IEA MSTC group, 
however, showed that a weighting factor of 0.5 for the thermal emittance is more appropriate; see reference [6] in Annex 
E. 
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4 Requirements and classification  

4.1 For classification of the durability of the absorber surface, the following performance requirement shall 
apply: 

PC = - ∆αs + 0,50 ∆ε < 0,05                            (4) 

NOTE 1 Higher values for the PC function may be used if considered more appropriate. PC < 0,10 should mean 
that the optical performance of absorber surface and, thus also the performance of solar domestic hot water 
system,  is allowed to be reduced to a level equal to 90% of its original value during the design service life time 
period. For further details; see reference [1] in Annex E 

4.2 Before durability testing of an absorber surface, all test specimens, sampled and prepared as described 
in subclause 5.1, shall be characterized with respect to their value for solar absorptance, determined as 
described in subclause 5.2, and their value for thermal emittance, determined as described in 
subclause 5.3. 

 To be qualified for testing, the set of test specimens shall have a standard deviation in the determined 
values for solar absorptance of less than 0,01 and for the determined values of thermal emittance a 
standard deviation less than 0,04. 

4.3 For coated absorber surfaces, three extra test specimens shall be prepared and the adhesion of coating 
on those test specimens be assessed, as is described in subclause 5.4. 

 For the absorber to be qualified for testing, the adhesion of coating shall be > 0,15 MPa for all test 
specimens. 

 NOTE 3 If considered accurately enough, the adhesion of the coating may be assessed by a more simple method. 
The method of ISO 2409 Paints and varnishes - Cross-cut test may be used and the requirement for satisfactory 
adhesion be set at the degree of  0 or 1. Alternatively some suitable method in ISO 2819 Metallic coatings on 
metallic substrates - Electrodeposited and chemically deposited coatings - Review of methods available for testing 
adhesion may be used. 

4.4 For an absorber surface to be qualified with respect to its thermal stability, the procedure of durability 
testing as is described in clause 6 shall be applied. 

 An absorber surface with sufficient thermal stability shall meet the requirement for test results as is 
specified in clause 6.4. 

4.5 For an absorber surface to be qualified with respect to its resistance to condensed water when used in 
a non-airtight solar collector with more or less uncontrolled ventilation of air in the solar collector, the 
procedure of durability testing as is described in clause 7 shall be applied. 

 An absorber surface with sufficient resistance to condensed water shall meet the requirements for test 
results as are specified in subclause 7.4. 

4.6 For an absorber surface to be qualified with respect to its resistance to degradation caused by sulphur 
dioxide as an airborne pollutant, the procedure of durability testing as is described in clause 8 shall be 
applied. 

 An absorber surface may be qualified for use in two classes of solar collectors; the two classes 
representing different severity classes as regards atmospheric corrosivity.  

 Solar collector of type A: Airtight solar collector or solar collector with controlled ventilation of air in 
the space between the absorber surface and the cover plate. At the top and at the bottom of the frame 
of collector, it should be equipped with ventilation holes. The atmospheric corrosivity at the bottom part 
of the collector under service conditions may typically correspond to a corrosion rate of zinc of 0,1 g/m2 
per year. 
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Solar collector of type B: Non-airtight solar collector with more or less uncontrolled ventilation of air in 
the solar collector. The atmospheric corrosivity at the bottom part of the collector under service 
conditions corresponds to a corrosion rate of zinc of 0.3 g/m2 per year. 

 An absorber surface with sufficient resistance to degradation caused by sulphur dioxide in high humidity 
air, either regarding only a type A collector or regarding both type A and type B collectors, shall meet 
the requirements for test results as are specified in subclause 8.6. 

5 Test methods for assessing material properties as measure of absorber      
 performance  

5.1 Sampling and preparation of test specimens  

For durability testing, test panels with an absorber surface area of preferably 50x50 mm shall be prepared. 
Sampling from larger pieces of absorber plate shall be made in such a way that variation in the optical 
properties between the different test specimens is minimized. For execution of the complete programme of 
durability tests of this recommended procedure, a minimum of 21 test panels are required. For absorbers with 
coatings three extra test panels are also required for assessment of the adhesion of coating. 

5.2 Solar absorptance 

Determine the value of the solar absorptance for each of the 21 test panels from reflectance measurements 
as is described in Annex A.1. For the complete set of test panels calculate also the mean value and standard 
deviation of solar absorptance. 

 5.3 Thermal emittance 

Determine also the value for the thermal emittance for each of the 21 test panels as is described in Annex A.2. 
For the complete set of test panels calculate also the mean value and the standard deviation of thermal 
emittance. 

 5.4 Adhesion  

For coated absorber surfaces assess the adhesion of coating by making use of the three extra test panels 
prepared for this purpose. If the adhesion of coating is to be determined according to ISO 4624, use the 
general method for testing both rigid and deformable substrates when selecting test assembly and use test 
cylinders with a diameter of 20 mm. If a simpler method for assessment of adhesion is used, see subclause 
4.3, proceed as described in the relevant standard. 

6 Tests for assessing the thermal stability of absorber surface  

6.1 Principle 

6.1.1 High-temperature ageing is frequently used in many technical application areas for the assessment of 
thermal stability of materials. A high temperature accelerates all kinds of processes, normally leading to an 
increased rate of degradation of materials. For a selective absorber coating composed of small metal 
particles, a high temperature enhances oxidation of metal decreasing mainly the absorptance of coating. 

6.1.2 When installed in a single flat plate collector for domestic hot water production, an absorber surface is 
exposed to a temperature, which may vary greatly; in the extreme case from -20 °C up to more than 200 °C. 
As a measure of the level of thermal load, the effective mean temperature, Teff , during one year of service for 
an absorber surface is here used. It is defined by the following expression: 
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exp  ( - 
R

ET   ·  T 1
eff
− )  =  ∫

maxT

minT
  exp (- 

R
ET  ·  T-1) · f (T) dT  (3) 

f(T) is yearly based frequency function for service temperature of absorber surface in solar collector, meaning 
the time fraction of a year when service temperature is in the interval T to T+dT. 

Tmax is the maximal service temperature of absorber surface in collector in K. 

Tmin is the minimal service temperature of absorber surface in collector in K. 

ET is the Arrhenius activation energy expressing the temperature dependence of a thermal degradation 
reaction of absorber surface. 

R is the ideal gas law constant equal to 8,314 J/ K, mole 

6.1.3 The yearly based frequency function f(T) is determined by the external climatic load acting on the solar 
collector and the optical properties of the solar absorber surface and the glazing.  

In this recommended procedure it is assumed that the solar collector is under operating conditions for 11 
months of a year and then producing tap water during daytime when the solar collector temperature exceeds 
40 °C. For one month of a year, during summer, the solar collector is under stagnation conditions. From a 
thermal ageing point of view it is only during the sunny days when the solar collector is under stagnation that 
the temperature load on the solar absorber surface will result in significant thermal degradation. The reference 
thermal load or temperature frequency function for one year representing service conditions in this 
recommended procedure corresponds therefore to 30 sunny days when the solar collector is under 
stagnation; see Figure B1 in Annex B. 

The temperature load acting on the solar absorber surface depends also on the optical properties of the 
absorber surface and so does the maximum solar absorber surface temperature during stagnation conditions. 
The maximum solar absorber surface temperature is in this recommended procedure determined from the 
solar absorptance and the thermal emittance by use of interrelations shown in Table B1 in Annex B.  The 
reference thermal load in terms of an effective mean temperature is thereafter calculated as a function of the 
activation energy for thermal degradation by making use of the maximum absorber surface temperature. 

 NOTE 1 If found more appropriate another temperature frequency function may be used to represent service conditions. 
The new effective mean temperature corresponding to a specific activation energy may be calculated by use of equation 
(3). 

6.1.4 To assess the thermal stability of the absorber surface, short-term tests, enhancing thermal degradation 
of the absorber surface at a constant high temperature, are used. To convert the design service life of 25 
years into a shortest acceptable failure time, yR, for a constant temperature test to be executed at the 
temperature TR, the following time-transformation function is used: 

y
R
  = 25 exp (- 

R
TE

 ( T 1
eff
−   -  T 1

R
− ))   (4) 

where   

Teff in K is the effective mean temperature of absorber surface defined by equation (3). The effective mean 
temperature will vary with the activation energy and so will also the shortest acceptable failure time for a 
specific constant temperature test. 

6.1.5 To conclude whether an absorber surface is qualified or not, the results from at least two different 
constant temperature tests are needed unless the optical performance of solar absorber surface tested is 
unaffected during the first test. The qualification scheme and the conditions for the temperature tests are given 
in Figures B2 - B4 and Table B2, respectively. 
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6.2 Apparatus  

6.2.1 Testing chamber to be used for assessing the thermal stability of the absorber surface shall be 
constructed so that: 

1) Constant temperature tests can be executed up to a temperature of at least 300 °C. 

2) The temperature of the test is monitored by sensing devices in the chamber so that it reflects the true 
temperature of the test panels. 

NOTE 1  Testing chambers with circulating air heating are recommended in favour of those based on radiative heating, 
because the temperature difference between the sensor and the test panels will be less due more uniform temperature 
condition in testing chambers of the former type. 

NOTE 2  When radiative furnaces are used, the temperature of the test panels and the temperature  of the temperature 
sensor strongly depend on the radiation exchange with the heater and therefore also on their optical properties. It is in this 
case preferable to measure the temperature of the test panel for heating control. 

3) The temperature is maintained at level of ± 1°C after stabilized conditions have been reached after start 
of test. 

NOTE 3 Even a symmetrical variation around the set temperature results in a higher effective mean temperature with 
respect to thermal degradation.  

4) The temperature in the chamber is so uniform that the variation between absorber specimens tested 
simultaneously is within the range of ± 1 °C; see Note 1 and 2.   

5) During cooling down of chamber after high temperature exposure, the rate of temperature decrease 
shall be at least 10 °C/min (from 200 °C to 100 °C). If the chamber does not meet this requirement, the 
test panels shall to be taken out of the chamber immediately after the specified testing time has been 
reached; see subclause 6.3.4. 

6.2.2 Instruments for measuring of optical properties of absorber surfaces complying with the requirements 
as are specified in Annex A. 

6.2.3 Tensile tester and test cylinders for measurement of adhesion of absorber coating in accordance 
with ISO 4624 as described in subclause 5.4. If a simpler method for assessment of adhesion is used, see 
subclause 4.3, use equipment complying with the requirements given in the relevant standard for assessment 
of adhesion. 

6.3 Procedure for execution of high temperature tests  

6.3.1 Select three test panels of absorber surface with known solar absorptance and thermal emittance 
and qualified for testing according to subclause 4.2. 

6.3.2 Increase the temperature of the testing chamber to the specified level of test. After this temperature 
has been reached, place the test panels of room temperature in the testing chamber. 

6.3.3 Keep the test panels at this temperature level for the specified time period of test. 

6.3.4 After the specified time period of test or of interruption for measurement of extent of degradation, 
decrease the temperature of the testing chamber down to room temperature at a mean rate of minimum -10 
°C/ min. during first phase of cooling down to 100 °C below the specified test temperature. 

NOTE 4 If the testing chamber does not meet the requirement for minimum rate of cooling down as specified above, the 
test panels shall be taken out of the testing chamber immediately after the specified time period of test has been reached. 
The hot test panels shall after they have been taken out of the testing chamber be placed on a thermally insulating 
material to minimize damages, which may result from the thermal chock the test panels are exposed to during cooling 
down.  



 

 7
 

6.3.5 Determine the solar absorptance and the thermal emittance of test panels as is described in Annex 
A. 

6.3.6 Calculate from the change in solar absorptance and thermal emittance of test panels, the value of 
the PC function for each panel tested by use of equation (1), see clause 3. Calculate also the mean value of 
the PC function for the different test panels. 

6.3.7 If the test was interrupted only for measurement of extent of degradation, reintroduce the test panels 
after measurement into the climatic chamber after stabilized test conditions at the specified levels have been 
confirmed. 

 

6.4 Qualification procedure  

6.4.1 Determine from the mean values of the solar absorptance and the thermal emittance of the solar 
absorber surface to be tested the expected maximum absorber surface temperature Tmax by use of Table B1 
in Annex B; see also Figure B2 in Annex B  

6.4.2 Determine from the Tmax value the temperature T1 of the first test to be performed making use of Table 
B2. 

6.4.3 With a set of three test panels perform test, as described in clause 6.3, at T1 and measure αs and 
ε after the testing times 36, 75, 150, 300, and 600 h or till PC = − ∆αs + 0,50 ∆ε  > 0,05 is reached. Introduce 
the time t1, which is the last testing/measuring time with PC < 0,05. 

6.4.4 If PC ≤ 0,01 after t1 = 600 h the absorber surface is qualified with respect to its thermal stability if it 
meets also the requirement on satisfactory adhesion as specified in subclause 4.3. 

 6.4.5 If PC > 0,05 at t1 = 300 h or PC > 0,01 after t1 = 600 h check whether the absorber surface meets the 
adhesion requirement as specified in subclause 4.3. If the requirement on adhesion is met proceed as 
described in subclause 6.4.5.1. If the requirement on adhesion is not met the solar absorber surface is not 
qualified with respect to its thermal stability unless adhesion measurements performed on the solar absorber 
surface after a testing time corresponding to PC = 0,05 in a new test show that the adhesion requirement is 
met. Then, proceed as described in subclause 6.4.5.1. 

6.4.5.1 Use Table B2 to determine the T3 value which corresponds to the previously determined Tmax value. 
Determine also from Table B2 the testing time t3 which corresponds to the previously determined t1 value; see 
also Figure B3 in Annex B 

6.4.5.2 With a new set of three test specimens perform a test at T3 for a time period of t3 and measure αs 
and ε to determine PC. 

6.4.5.3 If PC (T3, t3) ≥ PC (T1, t1) the absorber surface is qualified with respect to its thermal stability. 

6.4.6 If PC > 0,05 at t1≤ 150 h check whether the absorber surface meets the adhesion requirement as 
specified in subclause 4.3. If the requirement on adhesion is not met the solar absorber surface is not qualified 
with respect to its thermal stability unless adhesion measurements performed on the solar absorber surface 
after a testing time corresponding to PC = 0,05 in a new test show that the adhesion requirement is met. 
Then, proceed as described in subclause 6.4.6.1. 

6.4.6.1 Use Table B2 to determine the T2 value which corresponds to the previously determined Tmax value. 
Determine also from Table B2 the testing time t2 which corresponds to the previously determined t1 value; see 
also Figure B4 in Annex B 

6.4.5.2 With a new set of three test specimens perform a test at T2 for a time period of t2 and measure αs 
and ε to determine PC. 



 

8 
 

6.4.5.3 If PC (T2, t2) ≤  PC (T1, t1) the absorber surface is qualified with respect to its thermal stability. 

7 Tests for determining the resistance to condensed water of absorber surface  

7.1 Principle 

7.1.1 High humidity and the effect of moisture and condensed water on materials may initiate many kind of 
degradation reactions. Selective absorber coatings composed of inorganic oxides may sometimes undergo 
hydratization reactions increasing the thermal emittance of coating. High humidity must prevail for 
electrochemical corrosion to occur causing oxidation of metal and as a result the absorptance of coating may 
decrease. 

7.1.2 As the casing of a flat plate collector is usually ventilated, this means that the absorber surface is in 
contact with the ambient air. Humid air from the ambient therefore enters the collector and sometimes the 
temperature of the collector inside is so low related to the humidity level that condensation of water takes 
place. As condensation of water appears in most of today’s solar collectors, some collectors are not even rain 
tight, this means, an absorber surface has to resist periods of exposure in very humid atmospheres during its 
service life. An absorber surface should therefore to be qualified according to this procedure resist a humidity 
load representative for a non-airtight solar collector with more or less uncontrolled ventilation of air in the solar 
collector.  

The yearly time fraction, when the relative air humidity in the gap between absorber and cover plate exceeds 
99 %, is used as a measure of the severity of the humidity at service conditions. The severity depends, 
however, also on the effective mean temperature during such time periods of high humidity. The effective 
mean temperature during high humidity conditions is defined as in equation (3), see subclause 6.1.2. In this 
case equation (3) will, accordingly, contain the parameters given below with the following meaning: 

fH (T) is the yearly based frequency function for service temperature of absorber surface in the solar collector 
when the relative humidity level exceeds 99%, meaning the time fraction of a year when service temperature 
is in the interval T to T+dT and the relative humidity level exceeds 99%. 

TH,max in K is the maximal service temperature of the absorber surface in the solar collector, when the relative 
humidity level exceeds 99%. 

TH,min in K is equal to 0 °C, as below this temperature ice is formed on the surface of absorber. 

EH,T is the Arrhenius activation energy expressing the temperature dependence for a possible degradation 
reaction of absorber surface caused by the action of condensed water. 

In Figures C.1 in Annex C, the function fH,(T) of this recommended procedure is shown.  

NOTE  If found more appropriate other humidity/ temperature data may be used to represent service conditions. The new 
effective mean temperatures for specific activation energy values may be calculated by use of equation (3). 

7.1.3 To assess the resistance to condensed water of absorber surface, short-term tests at different 
temperatures of absorber surface are performed. To obtain constant condensation of water on the surface of 
absorber during testing, the surrounding air is kept at a temperature 5 °C above the temperature of absorber 
surface and at a relative humidity of 95%. To convert the design service life, set at 25 years, into a shortest 
acceptable failure time for a short term test, equation (4), see subclause 6.1.4, is also here applied. 

In Figure C.2 in Annex C, the shortest acceptable failure time, as function of activation energy, is shown for a 
series of constant condensation tests.  

7.1.4 To conclude whether an absorber surface is qualified or not, the results from at least two different 
constant condensation tests performed at two different temperatures are needed. For this recommended 
procedure the conduct of tests at absorber surface temperatures of 40 °C and 30 °C or at 40 °C and 60 °C are 
contained.  
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7.2 Apparatus  

7.2.1 Climatic chamber to be used shall be constructed so that: 

1) Climatic conditions ranging from room temperature and 50% RH up to at least 65 °C and  95% RH can 
be obtained, controlled and monitored during test. 

2) The temperature can be maintained at a level of ± 1°C and the relative humidity at a level of  ± 3 % RH 
relative to the specified climatic conditions during test. 

7.2.2 Liquid-cooled sample holder for temperature control of test panels in climatic chamber constructed so 
that:  

1) The test panels can be fixed to it so that the test panels will be electrically insulated from each other 
and the sample holder. 

2) The test panels will be in good thermal contact via the sample holder to the heat transfer liquid, which 
are used for cooling and control of the temperature of the test panel by aid of a thermostatic bath. 

3) The test panels will be positioned at an angel of 45° relative to the horizontal plane. 

4) The temperature of sample holder can be measured for control of test temperature. This  can preferably 
be made by use of Pt 100 silicon foil sensor which adheres to the surface of the sample holder. 

A suitable sample holder made of aluminium and which can be used for the purpose of this test is described in 
Annex D. 

NOTE The crucial point in ensuring a high reproducibility of the condensation tests is the careful mounting of the test 
panels on the sample holder. A thin layer of an electrically insulating heat sink compound in combination with a foil for 
distance control, made of e.g. Teflon, can preferably be used to guarantee good thermal contact. The arrangement made 
means that bimetallic corrosion will be prevented too. 

7.2.3 Thermostatic bath for temperature control of the liquid-cooled sample holder complying with the 
requirement of a temperature constancy over time for the sample holder of ± 0,5 °C. 

7.2.3  Instruments for measuring of optical properties of absorber surfaces complying with the requirements 
as are specified in Annex A. 

7.2.4 Tensile tester and test cylinders for measurement of adhesion of absorber coating in accordance with 
ISO 4624, see subclause 5.4. 

7.3 Procedure for execution of constant condensation tests  

7.3.1 Select three test panels of absorber surface with known solar absorptance, thermal emittance, and 
qualified for testing according to subclause 4.2. 

7.3.2 Adjust the temperature of the climatic chamber at a level of 5,0 °C above the specified test 
temperature for test panels and set the relative humidity level of climatic chamber at 95% RH. Adjust also the 
temperature of the thermostatic bath so that the temperature of the sample holder placed in the climatic 
chamber will reach the specified test temperature. 

7.3.3 After stabilized conditions have been obtained, fix the test panels to the sample holder. The testing 
time period starts when condensation of water is first observed on the surface of the test panels. 

7.3.4 After the specified time period of the test or of interruption for measurement of extent of degradation, 
take out the test panels from the climatic chamber and remove gently the excess of condensed water on the 
surface of the test panels by a clean water absorbing paper. 
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7.3.5 Condition the test panels under normal laboratory climatic conditions for at least 2 hrs. Determine the 
solar absorptance and the thermal emittance of the test panels as are described in Annex A. 

7.3.6 Calculate from the change in solar absorptance and thermal emittance of the test panels, the value 
of the PC function for each panel tested by use of equation (1), see clause 3. Calculate also the mean value of 
the PC function for the different test panels. 

7.3.7 If the test was interrupted only for measurement of extent of degradation, reintroduce the test panels 
after measurement into the climatic chamber after stabilized test conditions at the specified levels have been 
confirmed. 

7.4 Qualification procedure  

7.4.1 Perform a constant condensation test, involving exposure of the test panels at 40 °C with 
interruptions for measurement of extent of degradation after 80 hrs, 150 hrs, 300 hrs, and 600 hrs as 
described in subclause 7.3. 

7.4.2 Dependent on the PC mean value obtained after 600 hrs of test proceed as follows: 

If a coated absorber surface is tested check first whether the coating is qualified with respect to adhesion 
according to 7.4.3 and then  

1)  If PC ≤ 0,015 the absorber surface is qualified with respect to its resistance to condensed water  

2)  If  0,015 < PC  ≤ 0,05 proceed to subclause 7.4.9 

3)  If  PC > 0.05 after 80 hrs of testing, perform a new test at 40 °C for 40 hrs. If PC > 0.05 after 150 hrs of 
testing, 300 hrs of testing, and 600 hrs of testing, perform new tests at 40 °C for 115 hrs, 225 hrs, and 450 
hrs, respectively. Perform the new test without any interruptions for measurements until after the test is 
completed. After PC value has been determined after test, proceed to subclause 7.4.4 

7.4.3 If a coated absorber surface is tested, measure, as described in subclause 5.4, the adhesion of 
coating on all test panels after that a PC mean value > 0,05 for the first time is obtained in the 40 °C constant 
condensation test or after 600 hrs of testing. 

If the adhesion requirement as specified in subclause 4.3 is not met the absorber surface is not qualified with 
respect to its resistance to condensed water. 

7.4.4 After that the mean value of PC has been found > 0,05 and a new 40 °C constant condensation test 
has been performed, estimate from the results by interpolation, the failure time, or in other words the testing 
time period, which should correspond to PC = 0,05. Use preferably, for this estimation a numerical or a 
graphical procedure, assuming PC plotted versus the testing time period can be represented by a polynomial 
series of an order which give the best fit to the test data obtained.  

7.4.5 Use the estimated value of failure time for the 40 °C test and determine the corresponding or lowest 
acceptable activation energy from the 40 °C curve in Figure C.2 of Annex C. 

7.4.6 Use this value for the activation energy and determine, from the 30 °C curve in Figure C.2 in Annex 
C, the corresponding or shortest acceptable failure time for the absorber surface in a test to be performed at 
30 °C. 

7.4.7 Perform, as described in subclause 7.3, a 30 °C constant condensation test for a testing time period 
corresponding to the shortest acceptable failure time period according to subclause 7.4.6. 

7.4.8 Dependent on the PC mean value obtained after the 30 °C test , the following shall be concluded: 

1) If PC  > 0,05, the absorber surface is not qualified with respect to its resistance to condensed water. 

2) If PC ≤ 0,05, the absorber surface is qualified with respect to its resistance to condensed water. 
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7.4.9 If after 600hrs of test at 40 °C 0,015  < PC  ≤  0,05 according to subclause 7.4.2 execute a third kind 
of constant condensation test, involving exposure at 60 °C for a testing time period of 85 hrs, as described in 
subclause 7.3. 

7.4.10 Dependent on the PC value obtained after the 60 °C test, the following shall be concluded: 

1) If PC after 85 hrs in the 60  °C test > PC after 600 hrs in the 40 °C test, the absorber surface shall be 
qualified with respect to its resistance to condensed water 

2) If PC after 85 hrs in the 60 °C test ≤ PC after 600hrs in the 40 °C test, it can not be concluded whether 
the absorber surface shall be considered qualified or not and, therefore, a more comprehensive investigation 
on its resistance to condensed water is recommended. 

7.4.11 The qualification procedure to be used is schematically shown in Figure C.3 in Annex C. 

8 Test for determining absorber surface corrosion resistance to high humidity air 
 containing sulphur dioxide  

8.1 Principle  

8.1.1 Many air borne pollutants, such as sulphur dioxide present in air as a trace substance, accelerates 
highly, as well known, electrochemical corrosion of most metallic materials at high humidity As a solar 
collector exchanges air with the ambient, this means also that air borne pollutants will be transported from the 
ambient into the collector and the absorber surface. Airborne pollutants may, therefore, influence the long-
term optical performance of an absorber by promoting corrosion attacks on the metallic substrate. Air borne 
pollutants may also cause loss in the optical performance of selective absorber coatings pigmented with small 
metallic particles, due to oxidation/corrosion of the metal particles. 

8.1.2 Due to the complex nature of degradation caused by air pollutants, atmospheric corrosivity, as 
defined from exposure of standard panels of metals as described in ISO 9226, is here used. More precisely, 
the corrosion rate of zinc is taken as a measure for severity of environmental stress on absorber surface in 
collectors and sulphur dioxide is considered the dominating air borne pollutant as regards degradation of 
absorber surface. As described in subclause 4.6, two severity classes are here used related to two kinds of 
collectors for which corrosion rates for zinc are defined. 

NOTE 1 If found more appropriate other levels of atmospheric corrosivity may be used to represent service conditions. 
The new levels of atmospheric corrosivity may be expressed also in terms of corrosion rates of other metal than zinc, if 
found more appropriate. 

8.1.3 To assess the atmospheric corrosion resistance of the absorber surface, exposure in high-humidity 
air containing small concentrations of sulphur dioxide (1 ppm) is adopted. To convert the design service life of 
25 years into shortest acceptable failure times relevant for the two severity classes defined, the principle of 
comparative testing is applied. This means that the time transformation function for degradation of optical 
performance of absorber surface is assumed to be the same as the one for the corrosion of zinc. 

NOTE 2 In the study of nickel pigmented anodized aluminium absorber coatings as described in reference [1] of Annex E, 
it was roughly assumed that the time transformation function for degradation of the nickel-pigmented anodized aluminium 
coatings was the same as for the corrosion of zinc. The reasonableness of this assumption was supported by results from 
measurements of deposited amounts of sulphur dioxide on this kind of coatings both during laboratory tests, involving 
exposure in high humidity air containing sulphur dioxide, and during in-service tests of absorbers in collector; see also 
reference [4] in Annex E.  

8.1.4 To conclude whether an absorber surface is qualified or not, the results from one test, involving 
exposure in circulating air of a relative humidity of 95% RH, temperature of 20 °C, and with a volume fraction 
of sulphur dioxide of 10 -6, are needed. The test is essentially performed as described in ISO 10062. 
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8.2 Apparatus  

8.2.1 Climatic cabinet with inner chamber and gas flow system, shall comply with the requirements of ISO 
10062. An example of a suitable design is shown in Annex D. 

The equipment used for testing shall be constructed so that: 

1) The inner chamber and gas flow system consist of inert materials, e.g. Teflon or glass, to avoid or mini-
mize adsorption of sulphur dioxide on surfaces other than of that of the test panels. 

2) The air flow and sulphur dioxide injection system are designed to ensure uniform test conditions in the 
inner chamber or working space of the cabinet. 

NOTE1 In the most common design of test equipment, the test atmosphere in the working space is obtained by 
continuously introducing the necessary quantity of sulphur dioxide into a damp air flow to obtain the required 
concentration. Sulphur dioxide and conditioned air are mixed outside the cabinet. The conditioned air is taken from the 
outer chamber of the climatic cabinet. The air flow after injection of sulphur dioxide is then mixed with a flow of recirculated 
test atmosphere and the resulting gas flow admitted into the inner chamber or working space of the cabinet. Half of the 
flow of the test atmosphere through the inner chamber may be recirculated. 

To ensure uniform test conditions in the working space, the test atmosphere is normally supplied to the 
working space from the bottom and the outlet is placed at the top. Perforated plates are placed in front of the 
openings to assure uniform air flow through the working space. 

3) Uniformity of temperature in the working space shall be better than ± 1 °C and uniformity of relative 
humidity better than ± 3 %. In terms of corrosivity, as expressed in terms of corrosion rates of standard 
metals, the uniformity shall be not less than 5%. 

NOTE 2 The uniformity of the test conditions in the working space may be checked regularly by exposing a number of 
copper coupons, placed at different positions in the working space during sulphur dioxide exposure. The differences in 
weight change of the metal coupons indicate if the uniformity of test conditions is within specified range. 

4) The damp air flow shall be within the tolerance for the specified temperature ± 1 °C and relative humidity 
± 3% and the linear flow rate of air shall be in the range of 1 mm/s to 5 mm/s. The damp air flow shall be free 
of water droplets or aerosols. 

NOTE 3 - In the most common design of test equipment, the air is introduced to the outer chamber of the cabinet after 
filtration and purification by activated charcoal and a particulate filter. The sulphur dioxide gas may taken from a 
pressurized cylinder filled with high-purity sulphur dioxide gas at a volume fraction of 10-3 in high-purity nitrogen gas. 

5) For exposure of test panels in the working space, specimens holder shall be used so the test panels do 
not shield one another or disturb the uniformity of the flow of air across the chamber. 

6) The temperature, relative humidity, and concentration of sulphur dioxide in the air flow at the outlet of the 
working space is monitored so that they reflect the true test conditions for the test panels. 

8.2.2  Instruments for measuring of optical properties of absorber surfaces complying with the requirements 
as are specified in Annex A. 

8.2.3 Tensile tester and test cylinders for measurement of adhesion of absorber coating in accordance 
with ISO 4624; see subclause 5.4. 

8.3 Reference test specimen  

For measurement of corrosivity in the working space during testing, standard test panels of zinc shall be used. 

The test panel of zinc may preferably has a dimension of 50 mm x 100 mm x 1 mm, and shall have an 
impurity level at or lower than 0,5 %. 
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Before testing the test panels shall carefully be cleaned with a hydrocarbon solvent in order to remove all 
marks of dirt, oil, or other foreign matter capable of influencing the result from the corrosion rate 
determination. After drying the panel shall be possible to weigh to the nearest 0,1 mg. 

After testing the corrosion products on the zinc panel shall be removed as described in ISO 8407 and the 
mass loss of the metal be determined. Use for removal of corrosion products a solution with a mass fraction of 
5% of acetic acid in distilled water. During chemical removal of corrosion products work at room temperature 
with cleaning cycles with a length of around 2 min. Express mass loss of metallic zinc in mg / m2 . 

8.4 Procedure for execution of corrosion test in high humidity air containing sulphur  
dioxide  

8.4.1 Select three test panels of absorber surface with known solar absorptance, thermal emittance, and 
qualified for testing according to subclause 4.2. 

8.4.2 Prepare the climatic cabinet for test by firstly adjusting temperature to 20 °C, air humidity to 95% RH 
and air flow rate at a selected value between 1 mm/s and 5 mm/s. After stable conditions have been reached, 
adjust the sulphur dioxide gas flow to the specified level so that the sulphur dioxide volume fraction in the inlet 
air flow to the working space will be at a level of 10-6. 

8.4.3 When stabilized conditions have been reached also after this step, open the door to cabinet and 
place the test and reference panels quickly in the working space. After a testing time period not more than 5% 
of the specified time period of test, the concentration of sulphur dioxide in the outlet air flow from the working 
space shall not be less than 90% of that in the inlet flow of air. If the concentration of sulphur dioxide in the 
outlet air flow is lower, this probably means the total area of the test panels in the cabinet is too large. During 
the test, check the exposure conditions regularly and, if necessary, make adjustments to the specified levels. 

8.4.4 After the specified time period of test or interruption for measuring the extent of degradation in optical 
performance of the test panels, take out the test panels from the working space of the cabinet and place them 
in a desiccator over silica gel for at least 2 hrs. Determine the solar absorptance and the thermal emittance of 
the test panels as are described in Annex A. 

8.4.5 Calculate from the change in solar absorptance and thermal emittance of the test panels, the value 
of the PC function for each panel tested by use of equation (1), see clause 3. Calculate also the mean value of 
the PC function for the different test panels. 

8.4.6 If the test was interrupted only for measurement of extent of degradation, reintroduce the test panels 
after the measurement into the working space after stabilized test conditions at the specified levels have been 
confirmed. 

8.5 Determination of shortest acceptable failure times in test by use of reference test 
specimens  

8.5.1 If the corrosion rate of zinc, under the test conditions specified in subclause 8.4, is not known from 
previous exposures in the test equipment used, proceed as follows. 

8.5.2 Perform a corrosion test as described in subclause 8.4 with three pairs of reference test panels of 
zinc with known initial mass, see subclause 8.3. Make interruptions of the test after 90 hrs, 180 hrs and 360 
hrs and take out from cabinet at each interruption of test one pair of zinc panels for determination of mass loss 
in metallic zinc caused by corrosion during test, see subclause 8.3. 

8.5.3 Assume the mass loss in metallic zinc versus the testing time period is linear and determine by least 
square fitting,  the mean corrosion rate of zinc, rZn , during the test conditions specified in subclause 8.4. 
Express rZn in mg / m2 , h. 

8.5.4 Use the mean corrosion rate of zinc and determine the following shortest acceptable failure times in hrs 
of the test according to subclause 8.4 as: 

1) For a type A solar collector, see clause 4: Shortest acceptable failure time, tf,A = 2.5 / rZn 
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2) For a type B solar collector, see clause 4: Shortest acceptable failure time tf,B = 7,5 / rZn 

8.6 Qualification procedure  

8.6.1 Perform a corrosion test as specified in subclause 8.4  for tf,B hrs, including also one interruption of 
the test for measurement of extent of degradation after tf,A hrs. If only qualification for the type A solar collector 
severity class is required complete the test after tf,A hrs. 

8.6.2 If a coated absorber surface is tested, measure, as described in subclause 5.4, also the adhesion of 
the coating on all the panels after the test. 

If the requirement on adhesion as specified in subclause 4.3 is not met the absorber surface is not qualified 
with respect to long-term performance. 

8.6.3 Dependent on the PC mean value obtained after the two testing times of subclause 8.6.1, the 
following shall be concluded regarding corrosion resistance of absorber surface: 

1) If after tf,A  hrs of test, PC < 0,05, the absorber surface is qualified for the type A solar collector severity 
class, if, when coated, it also fulfils the requirement of subclause 8.6.2. 

2) If after tf,B hrs of test, PC < 0,05 too, the absorber surface is qualified also for the type B solar collector 
severity class, if, when coated, it also fulfils the requirement of subclause 8.6.2. 

9 Report  

The test report shall give the following information. 

a) Reference to this recommended procedure 

b) The type and designation of the tested product of absorber surface 

c) Any deviations from the prescribed testing method 

d) Method for assessing adhesion if appropriate and used requirement for acceptable adhesion 

e) Test results 

f) Testing laboratory 

g) Dates for start and completion of tests 
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Annex A 
(normative) 

 
Procedure for determination of solar absorptance and thermal emittance 

of absorber surface  

A.1  Assessment of solar absorptance 

A.1.1 Scope 

This procedure specifies a method for determination of the directional solar absorptance αs , for near-normal 
incidence, i.e. 8° to 10° to the surface normal, from spectral directional absorptance α(λ) values in the spectral 
range of  0.32 µm - 2.5 µm. The spectral directional absorptance α(λ) values are determined from spectral 
(near-normal) directional/hemispherical reflectance ρ(λ) values measured on opaque samples of solar 
absorber surfaces at room temperature. 

A.1.2 Apparatus 

Spectral (near-normal) directional/hemispherical reflectance ρ(λ) values shall be determined by photometric 
integration by use of a spectrophotometer equipped with an integrating sphere. The wall of sphere shall be 
coated with a highly and diffusely reflecting coating, e.g.  BaSO4 . In the  photometric integration the specular 
component of reflected radiation has to be included. 

The sphere shall be designed so that the sample is part of sphere wall during the measurement. The detector 
shall be positioned so that it is shielded against radiation received directly from the sample. 

The geometry of the sphere shall preferably be so that the comparison method can be used, i.e. sample and 
reference are simultaneously part of the sphere wall. 

NOTE 1 When using the substitution method, i.e. sample and reference are alternately covering the measuring port, the 
sphere error must be corrected for by measuring the respectively corresponding brightness of the sphere wall. 

For calibration purposes, freshly pressed BaSO4 powder or a diffusely reflecting white tile shall be used as 
reference. 

A.1.3 Measurement of reflectance values  

Solar absorptance shall to be assessed by use of the weighted ordinates method; see A.1.5. 

The reflectance shall be measured at al least 40 wavelengths in the range 0,32 µm - 2,50 µm.  

A.1.4 Evaluation of spectral absorptance values 

Calculate the near normal/hemispherical spectral reflectance of sample, ρ (λ), by use of the following 
expression: 

ρ (λ)   = (Rs (λ) / Rr (λ) ) . ρ r  (λ) (A.1 ) 

where 

Rs (λ) is the recorded reflectance value of sample. 
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Rr (λ) is the recorded reflectance value of reference. 

ρ r  (λ) is the near-normal / hemispherical reflectance of reference. 

NOTE 2 - Values for the spectral near normal / hemispherical reflectance of reference can in case of  freshly pressed 
BaSO4 powder be found in the literature, see for example reference [7] in Annex E. If a diffusely reflecting white title is 
used as reference, ρ r (λ) values should be available from manufacturer or be determined by own measurement using 
freshly pressed BaSO4 powder as a reference. 

As no correction of possible distortion of the measured result when a specular component of the reflected 
radiation exists, the spectral directional absorptance α(λ) value are calculated as: 

α(λ)  =  1  - ρ (λ) (A.2) 

A.1.5 Evaluation of solar absorptance  

The solar absorptance, αs , is calculated from the following expression:: 

αs =  (
n

1=i
∑  (α(λ)⋅Sλi )/ ∑

n

1=i
(  Sλi ⋅∆λi  (A.4) 

where 

the set of λi are the selected measuring wavelengths. 

∆λi  is the respective wavelength interval. 

Sλi is the spectral solar irradiance according to ISO 9845, correctly summed over the respective wavelength 
interval. 

A.1.6 Crucial factors in the assessment of solar absorptance 

When assessing the solar absorptance of absorber surface according to this procedure, attention shall be paid 
to: 

1) Possible anisotropy of the samples, i.e. the samples shall be marked to allow mounting  of the samples at 
the measuring port using the same orientation and ensuring that the same areas of samples are 
measured. When establishing degradation-over-time relationships in an durability test, measurements of 
extent of degradation at different testing times should be performed on one and the same sample. 

2) The different weighting of different directions of polarisation by the monochromators may distort the 
measurement, although this is not a great effect for near-normal incidence. 

A.2. Assessment of thermal emittance 

A.2.1 Scope  

This procedure specifies methods for determination of  

1) total directional emittance εn (100 oC) for near-normal incidence 
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2) spectral near-normal directional emittance ε (λ), and  

3) total hemispherical emittance εh (100 oC). 

These quantities are elaborated from measurements of  

1) total hemispherical/directional reflectance ρ (100 oC) for thermal radiation incident from a  black-body 
radiator of 100 oC, yielding εn(100 oC), or 

2)  total directional emittance ε (100 oC) of heated samples, yielding εn(100 oC), and 

3) spectral directional / hemispherical reflectance ρ(λ) firstly yielding the directional spectral  emittance 
εn(λ) and by weighted integration with a Planck-distribution for a black body radiator at a chosen 
temperature, T, yielding finely εn(Τ) 

Whenever the reflection method is used, transmittance has to be zero within spectral range measured. 

The spectral range is 2.0 µm - 50.0  µm. The angle of incidence or emission is restricted to near-normal, i.e. 
8° to 10° to the surface normal. The temperature of sample is 100 oC in radiometric measurements on heated 
samples, and is room temperature when using the reflection method. 

 

A.2.2 Apparatus 

For determination of emittance quantities from spectral measurements, use for photometric integration a 
spectrophotometer equipped with diffusely reflecting gold coating as sphere wall. In photometric integration 
the specular component of reflected radiation shall be included. 

The requirements on sphere design is the same as described in subclause A.1.2. 

For calibration purposes, the following  references are recommended: 

a) For broadband measurements, use reference Nextel Velvet Coating 2010 black (American indication: 
Nextel 101 - C10) with εn (100 oC) = 0.95 and  εh = 0.90 

NOTE 1 Emittance values refer to measurements made by J. Lohrengel, PTB Braunschweig, Germany. 

NOTE 2  For Devices and Services Emissiometer Model AE, use the references delivered by   manufacturer with 
the instrument. 

c) For spectral measurements, as reference Labsphere diffusely reflecting gold coating  "Infragold". 

NOTE 3 Recommended reference with calibration certificate available from Labsphere Inc., North Sutton, NH 03260 , USA 

A.2.3 Assessment of thermal emittance 

a) For assessment based on broad-band measurements, use the procedure given by manufacturer of 
measuring instrument. 

b) For assessment based on spectral measurements in the wavelength range 2.0 µm - 50.0 µm, use the 
following procedure. 

Calculate the near normal/hemispherical spectral reflectance of sample, ρ (λ), by use of the following 
expression: 
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ρ (λ)   = (Rs (λ) / Rr (λ) ) . ρ r  (λ)  (A.5) 

 

where 

Rs (λ)  is the recorded reflectance value of sample. 

Rr (λ)  is the recorded reflectance value of reference. 

ρ r  (λ) is the near-normal / hemispherical reflectance of reference. 

As no correction of possible distortion of the measured result when a specular component of the reflected 
radiation exists, calculate the spectral directional emittance, ε(λ) , as: 

ε (λ)  =  1  - ρ (λ) (A.6) 

Convolute the total emittance from spectral measurements, ε (100 oC), with the aid of the Planck function Pλ 

for a black-body radiator with temperature of 100 oC , as: 

ε (100 oC)  = ∫
∞

0

(  ε(λ)⋅Pλ dλ)/ ∫
∞

0

 ( Pλ dλ) (A.6) 

NOTE  Values for the Plank function can be found for example in most handbooks in physics. 

 

A.2.4 Crucial factors in the assessment of thermal emittance from spectral measurement 

When assessing the thermal emittance of absorber surface from spectral measurements, attention shall be 
paid to the same factors as are described in subclause A.1.6. 
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Annex B 
(normative) 

 
Temperature and failure time characteristics in assessment of thermal 

stability of absorber surface  
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Figure B.1 Reference thermal load for assessment of thermal stability of absorber surface (a) Measured 
solar absorber surface temperatures at stagnation condition during one day of clear sky conditions (b) 
Corresponding temperature frequency function for 30 days with clear sky conditions.  

The temperature profile of the selective absorber surface (αs = 0.94 and ε = 0.06 ) was measured in a 
commercial flat plate collector installed in Freiburg/Germany, facing south with a tilt angle of 45°. The profile 
was recorded 25th of August 1997 with a maximum global radiation of about 930W/m² , measured in the 
collector plane. The maximum stagnation temperature was 184 °C.  
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Table B.1 Relation between the maximum solar absorber surface temperature Tmax and the optical 
properties of the solar absorber surface to be tested. The line entitled “AR  α" has to be used for solar 
absorber surfaces that will be used in solar collectors with antireflective glazing leading to higher stagnation 
temperatures.  
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Table B.2 Test conditions for the different accelerated temperature tests used in the qualification of solar 
absorber surface  

Tmax 
(°C) 

T1 
(°C) 

T2 
(°C) 

t2 (h) 
(t1 =18 h) 

t2 (h) 
(t1 =36 h) 

t2 (h) 
(t1 =75 h) 

t2 (h) 
(t1 =150 h) 

T3 
(°C) 

t3 (h) 
(t1 =300 h) 

t3 (h) 
(t1 =600 h) 

<90 137 107 361 493 689 953 167 83 221 
91-100 149 119 321 443 627 877 179 88 233 
101-110 160 130 283 397 570 808 190 93 244 
111-120 172 142 251 356 519 746 202 98 256 
121-130 184 154 222 320 474 690 214 103 267 
131-140 196 166 198 289 434 641 226 108 278 
141-150 208 178 177 262 400 598 238 114 289 
151-155 215 185 168 250 384 578 245 116 294 
156-160 221 191 159 239 369 559 251 119 299 
161-165 227 197 151 229 355 542 257 121 304 
166-170 233 203 144 219 342 525 263 124 309 
171-175 240 210 137 210 330 510 270 127 314 
176-180 246 216 131 201 319 495 276 129 319 
181-185 252 222 125 193 308 481 282 132 323 
186-190 259 229 120 186 298 468 289 134 328 
191-195 265 235 114 179 289 456 295 136 333 
196-200 272 242 110 173 280 444 302 139 337 
201-205 278 248 105 166 272 433 308 141 342 
206-210 285 255 101 161 264 423 315 144 346 
211-215 291 261 97 155 256 413 321 146 350 
216-220 298 268 94 150 249 403 328 148 355 
221-225 304 274 90 146 243 394 334 151 359 
226-230 311 281 87 141 236 386 341 153 363 
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Measure αs and ε and determine Tmax from Table B1 

 

  
 Use Table B2 to determine the T1 value which corresponds to 

the determined Tmax value 

 

  
 

Perform test at T1 and measure αs and ε after the testing times 
36, 75, 150, 300, and 600 h or till PC = − ∆αs + 0,50 ∆ε  > 0,05 
is reached. Introduce the time t1, which is the last testing time 
PC < 0,05, then 

 

  
 (a) (b) (c) 
 

If PC ≤ 0,01 after t1 = 600 h 
the absorber surface is 
qualified if the adhesion 
after testing ≥ 0.15 MPa 

 If PC > 0,05 at t1 = 300 h or 
PC > 0,01 after t1 = 600 h 
check that the adhesion     
≥ 0.15 MPa and if so 
perform additional tests in 
accordance with Figure B3 

 If PC > 0,05 at t1≤ 150 h 
check that the adhesion       
≥ 0.15 MPa and if so perform 
additional tests in  
accordance with Figure B4 

 

  
Figure B2 Qualification scheme for testing the thermal stability of solar absorber surfaces 

 Use Table B2 to determine the T3 value which corresponds to 
the previously determined Tmax value. Determine also from 
Table B2 the testing time t3 which corresponds to the 
previously determined t1 value 

  
 

Perform a test at T3 for a time period of t3 and measure αs and 
ε to determine PC 

  
 

If PC (T3, t3) ≥ PC (T1, t1) the absorber surface is qualified 

  
Figure B3 Continuation of the qualification scheme in Figure B2 for the (b) option 

 Use Table B2 to determine the T2 value which corresponds to 
the previously determined Tmax value. Determine also from 
Table B2 the testing time t2 which corresponds to the 
previously determined t1 value 

  
 

Perform a test at T2 for a time period of t2 and measure αs and 
ε to determine PC 

  
 

If PC (T2, t2) ≤  PC (T1, t1) the absorber surface is qualified 

Figure B4 Continuation of the qualification scheme in Figure B2 for the (c) option 
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Annex C 
(normative) 

 
Temperature/condensation and failure time characteristics together with 
qualification scheme in assessment of resistance to condensed water of 

absorber surface  
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Figure C.1 Reference humidity/condensation yearly load used in this recommended procedure. The 
temperature frequency function represents the conditions when RH ≥ 99 during the reference year. 

 

Table C.1 Numerical data for the reference temperature frequency function f given in Figure C.1 

Temp.(oC) f (h/year) Temp.(oC) f (h/year) Temp.(oC) f (h/year) Temp.(oC) f (h/year) 

-5 0,00 3 17,53 11 48,58 19 2,75 

-4 0,67 4 32,31 12 38,98 20 2,83 

-3 2,17 5 41,33 13 49,88 21 1 

-2 6,08 6 21,98 14 56,83 22 0,33 

-1 14,13 7 34,13 15 54,06 23 0,17 

0 39,30 8 35,09 16 32,66 24 0,17 

1 26,66 9 34,43 17 17,28 25 0,00 

2 35,88 10 19,88 18 6,09   
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Figure C.2 Shortest acceptable failure time for absorber surface in different condensation tests 
given as a function of the activation energy for the degradation reaction. The failure time given 
corresponds to a service life with PC < 0,05 of 25 years. 
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PC > 0.05 

 Initial test (i1) 
Perform a test at a test panel temperature of 40 °C and measure the extent of 
degradation after 80 hrs, 150 hrs, 300 hrs, and 600 hrs  

 

   
PC ≤ 0.05  

  

No  check if  adhesion 
 ≥ 0.15 MPa1) 

  

The absorber surface is 
not qualified 

  

  
Yes 

 

    
 PC ≤ 0.015  

The absorber 
surface is qualified 

 0.015 < PC ≤ 0.05  
Perform final test (f1) at 
60 °C for 85 hrs 

 PC > 0.05 
Perform initial test (i2) at 40 °C, for a 
period as given in 2) below 

 

   
    
 PC (f1)  ≥  PC (i1) 

The absorber surface is 
qualified 

 PC (f1)  ≤  PC (i1) 
It cannot be concluded 
whether the absorber 
surface shall be 
considered qualified 3) 

 Use the PC value obtained in initial 
test i2 to calculate the test conditions 
for the final test f2 as described in 4) 
below. Perform test f2 and determine 
the mean PC value 

 

  
  
No 

 The absorber 
surface is qualified 
if the adhesion ≥ 
0.15 MPa1) 

 

 
PC ≥ 0.05 

 

  
Yes 

 The absorber surface 
is not qualified 
 

 

 

1) If a tape test is used to check the adhesion between the coating and the substrate, the adhesion between the tape 
and the coating should be better than 0.15 MPa. 

2) If  PC > 0.05 after 80 hrs of testing, perform a new test at 40 °C for 40 hrs. If PC > 0.05 after 150 hrs of testing, 300 
hrs of testing, and 600 hrs of testing, perform new tests at 40 °C for 115 hrs, 225 hrs, and 450 hrs, respectively. Perform 
test i2 without any interruptions for measurements until after complete test. 

3) A more comprehensive investigation of the resistance to moisture is recommended 

4) Estimate by interpolation , the testing time, which should correspond to PC = 0.05. Determine the lowest acceptable 
activation energy on the 40 °C curve in Figure 5 and also the corresponding testing time for a test f2 at 30 °C.  

 

Figure C3 Test procedure for qualification of the resistance to condensed water of an solar absorber surface  
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Annex D 
(informative) 

 
Suitable designs for test apparatus to be used in the qualification testing 

of solar absorber surface  

 

Figure D.1 Schematic drawing of suitable sample holder to be used for condensation testing. Samples are 
fastened to the PTFE-coated surface of the cooling block by aid of a heat sink compound. 
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1. Climate chamber 
2. External control 
3. Inner chamber (Teflon walls) 
4. Lead-through, inner chamber 
5. Lead-through, climate chamber 
6. Inlet for circulation 
7. Outlet for circulation 
8. Analysis point (movable) 
9. Temperature sensor 
10. Intake of conditioned air 
11. Outlet from system 
12. Mixing tube 
13. Circulation pump 
14. Evacuation pump 
15. Gas analyzer 
16. Connection to logger 
17. Flow meters 
18. Regulation valves 
19. Shut off valve 
20. Magnetic valve 
21. Gas bottle 
22. Intake of clean air to climatic chamber 
23. Particle filter 
24. Active coal filter 
25. Air inlet 

 

Figure D2 Climatic cabinet suitable for use in corrosion tests involving exposure in high humidity air 
containing sulphur dioxide 
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Annex E 
(informative) 
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