
Publishable Summary 
 
Solar thermal systems are increasingly common and are, to the general public, probably the 
most visible Renewable Energy System. Moreover, compared to biomass they have distinct 
user benefits when it comes to domestic heating or hot water provision as they do not need 
physical feedstock.  The project focus is to develop a novel modular, all-polymer glazed 
solar thermal collector that can directly substitute a conventional metallic solar thermal 
collector for domestic heating and hot water applications.  
 
In order to select the best materials to be tested a literature review was carried out. The 
main objective of the preliminary trials was to evaluate the effects of the doping nano-
reinforcements on the thermal conductivity values using melt blending due to its cost 
effectiveness, fast production and environmental benefits. Ten formulations were developed 
and thermal conductivity measurements were carried out on all the samples and a polymer, 
doping material and concentration identified. 
 
To allow heat transfer to the absorber a five layer PVD selective coating was developed on 
three different types of substrates (glass microscope slides, aluminium sheets and doped 
polymer samples) and specular reflectance spectral measurements carried out. Work is 
continuing to optimise these on the doped polymer sample being used for the absorber. 
 
Three different geometries of conceptual absorbers and heat transfer channels were 
modelled. Each had different volume flows of the heat transfer fluid and thermal conductivity 
of the absorber materials. All 3 designs fulfilled the requirements regarding pressure loss (dp 
< 70 mbar at 30 l/(h m²)) and performance (F’>0.95) using a polymer with a thermal 
conductivity of 0.6 W/(m K). 
 
Four solar thermal systems (two systems for domestic hot water and two systems for 
domestic hot water and space heating) have been implemented in TRNSYS. Simulations 
have been carried out for all 4 systems and for three locations (Athens, Stockholm and 
Würzburg) for a wide variation of collector area and storage volume. The fractional energy 
savings were calculated for each system and will be used as a benchmark for further 
investigations 
 
Five different polymers were selected and referenced against ABS to determine the most 
appropriate for the casing of the solar panel. A range of mechanical tests were carried out at 
ambient temperature. Aging trials were also carried out on the samples at 85°C and 120°C 
for up to 500 hrs at relative humidity and UV light between 0 – 250hrs. The tests indicated 
that two of the polymers could be used as a potential alternative to ABS. Both polymers had 
superior mechanical properties and UV resistance compared to ABS. Creep tests were also 
carried out over 98 days under constant load and at ambient temperature an elevated 
temperature of 65°C to determine the creep. Based on the results the same two polymers 
showed the best results in terms of elongation. 
 
Two concept casing designs ‘Stepped’ and ‘E’ shaped profiles were designed to provide 
speed and simplicity to the assembly and production of the all plastic solar panel casing. The 
‘Stepped’ shaped profile was chosen as the best concept. 
 
A mechanical simulation of the preferred absorber geometry (tubes) was carried out and it 
identified that both the stresses and deformations were far below the critic admissible 
values. Polycarbonate formulations were produced by extrusion, to obtain pellets of three 
different formulations. The trials showed that: 
 



 Carbon based nanoreinforcements show better thermal conductivity enhancement 
than ceramic ones. 

 The obtained results show that using Expanded Graphite we can increase three 
times neat PET thermal conductivity. The increase of PC doped expanded graphite 
thermal conductivity is not as high as the PET one. 

 
A suitable material has been formulated for the absorber that meets the specifications for 
thermal and mechanical behaviour and a required collector efficiency factor F’ > 0.95. 
 
The results of adhesion tests were different for different substrate materials. The adhesion is 
good on the doped PC with 10% EG (rep) however it was apparent that surface roughness 
plays it a big part in the adhesion of the coating to the polymer. 
 
The conclusions were that: 
 

 The solar absorbance and thermal emittance of the selective coating depend on the 
type of the substrate as well as of its surface (preparation and roughness). 

 The thickness of the IR reflective layer has positive influence on the thermal 
emittance up to and over 80°C. But, at the same time it shows negative influence on 
the solar absorbance, i.e. decreases the solar absorbance.  

 For the PC samples with selective coatings give similar results to those obtained with 
the PET samples, hence M16 is appropriate. 

 
This material was formulated for the extrusion of the absorber profile as a single extrusion.  
 
The selective coatings for the polymer based absorber profiles were investigated and five 

layers each with a specific role/function were specified over the absorber profile and a 

deposition procedure was developed for the absorber and the manifold. Lab validation of the 

temperature dependent emissivity of the developed selective coating was measured using 

IR thermal emittance spectra at different temperatures. The coated absorbers can perform 

their role (can be mounted) at different weather / exploitation conditions. In regions with high 

solar irradiation and high ambient temperatures, emissivity can be controlled (increased) 

without changing the absorbance with simply designing a proper selective coating on 

collector absorbers (95% absorbance and 30% emittance). And, contrary on this, if the solar 

radiation in particular region is low and low ambient temperatures exist, a coating with low 

emissivity values and max absorbance on the absorbers can be made to harness as much 

as possible the poor solar irradiation in those regions.(95% absorbance  and min emittance 

of 5%).  

 

The casing profile was approved using FEA to determine the minimum wall thickness and 
the integrated solar thermal collector comprises a 1 sq. mtr area of collector surface 
integrated into the insulated casing. For all the infield trials two collectors will be joined 
together in the different locations to produce a 2 sq. mtr collection area. 
 

For the absorber simulations were carried out to determine the minimum wall thickness that 
could be achieved and due to reasons related to the mechanical stability, the polymer used 
and production techniques the final geometry was changed quite significantly compared to 
the ones investigated previously. The main changes were: 
 

1. Reduction in wall thickness from 2 mm to 1 mm to compensate for the low 
conductivity of 0.4 W/(m K) 



2. Parallel surfaces to improve the coating and ease integration into the manifold  

3. Reduction of inner diameter for higher mechanical resistance 

The final absorber design geometry theoretical has a collector efficiency factor values of 

about 0.97, so the desired value of 0.95 has been achieved or rather exceeded for all flow 

rates.  

Following the extrusion guidelines proposed Plásticos Alai produced two different parts of a 

solar collector by extrusion: 

i) The casing of the solar collector 

ii) The absorbers 

The extrusion of the PolySol absorber and casing were carried out using bespoke dies at 

Plasticos Alai using their production lines.  

The absorbers which were extruded were coated using a multilayer PVD selective coating 

procedure to achieve the correct absorbance and emittance values and these absorber 

profiles were then integrated into the final collector design.  

 

A quantity of tests of coated vs. uncoated samples of polymer absorbers were made using 

the Optosol instrument as it offered fast and efficient measurements. For each of the 

samples, uncoated and later coated ones (after each coating), a set of measurements to 

obtain absorbance and emittance of samples were made. The measurements of each 

sample were repeatable for at least three different spots on the same sample. The 

absorbance of the final coating was measured using the Optosol instrument and was 

confirmed as 94.9% and emittance of ~17 %. The most important fact of the last coating is 

that it has shown protective behaviour on rigorous tests, such as temperature shocking, 

humidity tests. The selective coating over the absorber under these in-house testing 

remained undisturbed with the same optical properties that didn’t change before and after 

the test examination. 

 

Further validation about proper use and test measurement of Optosol was confirmed by 

validating our results with additional complimentary measurements on the selected samples 

with FHG. Comparison of FHG and Plasma measurements for the same samples differed for 

only 1 to 1.5% which is within the tolerance limit of the instrument. 

 
The optical properties measured by the Optosol instrument are absorbance of 94.9 % and 
emittance value of 17.5%. These properties are considered acceptable by Plasma, FHG and 
USTUTT 
 
Testing was also carried out on the extruded profiles and the test was at least similar to the 
original test results if not better in some instances. The extruded profiles were also aged. 
The conditions were: UV exposure along with 85°C temp and 40% RH for 125h, 250h and 
500h, the ageing trials showed no degradation over time and visual analysis of the aged 
samples also showed no degradation over time. 
 



The overall conclusion is that from the test results the doped polycarbonate is an acceptable 
material for producing the profiles for the PolySol Solar Thermal Collector whilst also being a 
cheaper material than the original Crastin material and easier to manufacture. 
 
Testing of polycarbonate against previous materials 

All mechanical testing was carried out as in D1.5: 

Three tests were carried out: 

1) Flexural test or 3 point bend test: Standard used is  BS 2782 Method335 A 

2) Tensile Test: Standard used is  BS 2782 Method335 A320A 

3) Charpy Test:  

 

The overall conclusion is that from the test results the doped polycarbonate is an acceptable 

material for producing the profiles for the PolySol Solar Thermal Collector. 

The casing profiles and the coated absorbers were sent to Camel Solar who integrated 2m2 

collectors which was composed of 2 panels of 1m2 each where each 1m2 consists of 5 

individual 20cm wide panels that was fitted together via a dovetail. The collector casing was 

produced in 1m2 sections which could easily be fitted to the absorber profiles.  

 

The collector was assembled at Camel Solar’s facilities.   

 

Polymer collector prototype 

 

An installation procedure for the collectors was developed. Different environments and/or 
typical solutions for fixing the collectors i.e. tiled roofs, plane roofs, sandwich, etc., was taken 



into account. A simple way of installation, standard elements and security was considered 
and distributed to all in field trial partners.  
 
This designed test was composed by a hydraulic installation and a control-datalogging 
system that will allow us to validate the models and simulations carried on. 

 
The thermal performance test according to EN 12975-2 was performed on one collector 
based on the test of the collector efficiency under steady state conditions in the solar 
simulator also testing of durability and reliability comprising exposure, stagnation 
temperature; high temperature resistance, external thermal shock, mechanical load and final 
inspection were carried out. The thermal performance test showed good result although the 
heat losses could have been better in the case the insulation material has not been soaked 
with water. 
 
For the solar thermal collector, generally the absorber material and design are acceptable at 
recommended stagnation temperature of 120°C; however the material at the higher 
stagnation temperatures i.e. 160°C is unsuitable as warping starts to occur. It is thought that 
using the dosing material as a nano addition and not a micro addition may resolve this 
problem. The major problem that was discovered that caused the leakages to occur was the 
incompatibility between the manifold (polycarbonate) and the absorber (graphite dosed 
polycarbonate) where it was thought that thermal incompatibility resulted in splitting and 
warpage causing a break in the bond between the absorber and the manifold. Ideally the 
absorber and manifold must be made from the same material however the manifold would 
have to be injection moulded which would increase the cost. 
 
The results from the simulation study show the largest difference to occur between the 
different locations concerning the fractional energy savings. This is due to large differences 
in the boundary conditions (i.e. irradiation and heat demand). As expected the positive effect 
on the fractional energy savings decreases with growing collector areas as well as with 
growing heat store volumes. Exceptions to this observation comprise only systems with very 
small ratios of collector area and heat store volume which are not relevant in practice. This 
effect is larger for the investigated DHW system regimes as for the SCS regimes. As the 
system efficiency decreases with larger collector areas and smaller heat store volumes both 
fractional energy savings and system efficiency should be considered for dimensioning. The 
dependency of the thermal performance on the system hydraulics is rather small compared 
with the effects mentioned above. 
 
The comparison between a conventional flat plate and the all-polymer solar thermal collector 
shows the expected difference in the fractional energy savings. The conventional flat plate 
collector shows higher figures in fractional energy savings as well as in system efficiencies 
for all investigated systems and locations. This difference depends significantly on the heat 
store volumes as well as on the total collector areas though.  
 
The difference in the fractional energy savings depend strongly on the location and the 
system configuration. Thus a general ratio between the area of a conventional and an all-
polymer solar collector leading to the same fractional energy savings cannot be identified.  
 
Based on the results of the performed lab tests we will be able to finalise the overall design 
of the collector and its subcomponents. This also includes the overall dimension(s) required 
to satisfy hot water and or space heating demand as a function of a specific range of usage 
profiles (and solar irradiation available in specific geographic locations around Europe).  
 
For commercialisation we would be recommending a modular system twice the size of the 
tested PolySol prototype resulting in an aperture area of 2.08 m². Taking this into account we 
would propose the following estimate for the overall collector design and dimensioning: 



 

 For hot water preparation only: 3 - 4 collectors resulting in an aperture area of 6.24 
m² - 8.32 m² depending on the location, store volume and desired fractional energy 
savings 

 For hot water preparation and space heating: 5 - 20 collectors resulting in an 
aperture of 10.4 m² - 41.6 m² depending on the location, store volume and desired 
fractional energy savings 

 
Although this is a broad range for the hot water preparation and space heating this is still 
typical of the range for conventional collectors. 
 
A collector was used for the in field trials and installed at the test site of the Camel Solar test 
facility, Skopje in Macedonian.  
 

 
 
Measurement equipment for the POLYSOL collector was installed and in order to keep the 
temperature of water up to 45º C and perform non-pressurised circulation through the 
polymeric collector, cool water was kept in the non-pressurised storage. 
 
Measurements were taken using the Technische Alternative Model: UVR1611 controller and 
it was observed that the polymer collector has shown much better efficiency than Cu-based 
collector made by Camel Solar up to temperatures of 45ºC. Results were stored every 
minute during the working day. A video was also taken and uploaded onto the PolySol 
website. 
 

 
 
In some cases the efficiency at 45 or 50ºC was very close to metallic. The efficiency of every 
collector depends from absorber area and some additional components: glass, isolation, 
geometry and material of the tubes. After some analyses it was concluded that in the 
absorber area we should allocate approximately ½ of the surface of the connecting tubes. 
This was due to the fact that the calculated absorber area only of absorbers is not real but 
actually bigger in the case for the PolySol collector because of the area of connecting tube; 
as the connecting tube does not have the selective coatings; hence only ½ of the surface of 
the connecting tubes has been calculated. Using this calculation the efficiency of the PolySol 



collector is close to a metallic collector, i.e. around 5% lower than the metallic, which gives 
higher than expected results.         
 
Although the results of the measured collector output during the infield trails does not match 
the lab results it can be assumed that the collector is performing with the efficiency observed 
during the lab tests. This assumption is based on the fact that the lab results were achieved 
with methods and measuring equipment of much higher quality than the ones used during 
the infield trails. 
 
The PolySol collector has a good absorber shape, good heat transfer through composite 
material and channels. This collector will have very big advantage compared to metallic one 
in some areas such as: direct flow circulation of swimming water through the collector 
without heat exchanger- this is due to the resistance of polymers against swimming water. 
With this application the price of solar system will be several times cheaper than the price of 
metallic systems; it will be saved money on heat exchanger, pump station, controller a big 
advantage of using a PolySol collector for swimming pools is the working temperature also, 
because temperature in the pool is never higher than 35ºC. At this temperature, the collector 
will be good. 
 
A state of art search regarding patenting in respect to the PolySol project took place. In the 
view of the patent researcher there are no patents which block the patenting of the PolySol 
inventive steps. 
 
A Market Analysis report was prepared that sought to sharpen understanding of the true 
opportunity for the PolySol technology in the European solar thermal market for households.  
It examines aspects of the industry and market which have an influence on the prospects for 
the innovation.  Many of the conclusions can be applied to commercial as well as residential 
premises and 15 conclusions were made. A plan for the use of dissemination and 
exploitation has also been prepared 
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