
The Truth about Solar Collectors. Facts and Myths. 
 
 
 
The history knows strange inventions like steam locomotive obstructing view to the 
driver and contributing to accidents or the traditional telephone causing convulsions, 
when trying to take notes while making a call. The solar collectors belong to the same 
category.  
 
For a reader, who may not be versed in renewable energy terminology, solar collectors 
are used to utilize solar heat, chiefly to produce hot water. They should not be confused 
with the solar batteries, also known as the photovoltaic batteries, which produce 
electricity. At present on the market there are two dominant types of solar collectors, flat 
panel collectors and vacuum tube collectors. Both are strange ideas.  
 

 
 
Fig. 1.Flat panel collector 
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Fig 2. Vacuum tube collector.  
 
 
Let us firs consider the flat panel collector. Its main part is the absorber – sheet of metal 
with the attached copper tubes containing heat exchanging liquid. The absorber is 
covered with the selective coating assisting in absorbing the solar energy. Its peculiarity 
lies in the unnecessary complication and ineffectiveness. For every engineer it is 
obvious that the transfer of energy involves losses. That is exactly what takes place in 
the solar collector. The solar energy is collected by the absorber and transferred to the 
tubes containing liquid. Over 1 m absorber width there are typically 11 tubes. For the 
heat to be transferred to the tubes, there must be a temperature gradient on the 
absorber. In other words, the further away from the tubes the hotter it is and the higher 
the temperature the more heat is radiated away or lost through conduction.  
 
It is known that each object, depending on its temperature, emits or receives the thermal 
radiation. For objects without selective surfaces, this radiation is described by the 
Planck’s law defining the distribution of the energy emitted by a blackbody versus the 
wavelength. For the absorber with selective coating, this distribution is obtained by 
multiplying the Planck’s formula by the spectral characteristic of a given selective coating 
material. This can be done fairly easily in a spreadsheet. The calculation result confirms 
the intuitive experience, that the hotter the body the more energy it emits and in normal 
operating conditions the absorber must be significantly hotter then the liquid carrying 
tubes. And it is for this purpose to strongly limit infrared emission, that the selective 
coating is used.  This radiation however is not completely eliminated and significantly 
adds to the collector losses. On a similar level with the emission are the losses through 
conduction and that is in spite of the thermal isolation of the bottom and of the sides of 
the collector.  
 
It is characteristic, that the efficiency of the flat panel collectors can be improved by 
increasing the number of tubes, which in turn causes better heat reception from the 
absorber, lowering its temperature and of course lowering the losses. Imagine now that 
the tubes are densely packed together so they touch each other. The efficiency will then 



 3 

be the highest. In turn, the dense tubes collector can be substituted by a thin metal box 
covered by a selective coating.  
 
A flat, thin box filled with water would, however, be impractical, being susceptible to 
deformation caused by the pressure of the liquid, especially at higher temperature. 
Besides, in such a collector mounted on a sloped roof, the hot liquid would move to the 
top, resulting in a non-uniform temperature distribution. It can be shown mathematically 
that this causes a few percent drop in the collector efficiency comparing with the uniform 
distribution. For this purpose, as well as due to the collector structural design, I 
suggested creating a system of horizontal meandering channels circulating the heat 
exchanging fluid. These channels form a barrier against gravitational moving the hot 
liquid to the top and in this way enforce uniform temperature distribution. In addition they 
ensure the rigidity of the absorber and prevent bulging of the top of the  absorber box. 
To make a full collector one needs to add selective coating, glass cover and thermal 
insulation, just like in a traditional flat panel collector. Simple calculations, at the HSC 
(high school) level confirm the intuitive feeling of the higher efficiency of such a design. 
 
In practical terms, the above described channels can be pressed from a metal sheet and 
seam welding of both top and bottom parts. The absorber is proposed to be made from 
0.5mm to 0.7mm thick stainless steel, for the durability, ease of pressing and welding. 
Stainless steel is also suitable for electroplating with black chrome, known for its 
selective properties. The idea of the proposed collector is shown in the Fig. 3. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig3. Operating principle of the flat panel direct heated solar collector.  
 
 
Earlier I expressed my skeptical opinion about vacuum tube collectors. Their design is 
shocking from the point of view of physics and common sense. The vacuum tube 
absorbers are built from strips of metal attached to the copper tube, all inside in the 
vacuumed glass tubes. Such an absorber, similarly to the flat panel collector suffers 
infrared losses, because, as is well known, the vacuum is not a barrier for the 
electromagnetic emission, otherwise the solar radiation would not reach Earth. That is 
why the efficiency of the vacuum tube collector also drops with temperature although not 
a s strongly as that of a flat panel. Apart from that, the absorber of such a collector does 
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not fill the whole of the glass tubes and there are gaps between the tubes themselves. 
As we know, the amount of the absorbed solar power is proportional to the collector 
area. In the vacuum tube collectors that area is relatively small and as a result those 
collectors are like sifts uselessly passing large amount of the solar energy.  
 
I checked in the Internet. The vacuum tube collector from one the best known 
manufacturers in Poland has only 55.6% of the active area with respect to the total 
collector outline. This is a typical value. The efficiency however is given not for the actual 
collector area but only for its active part and that is misleading. What is more, the quoted 
efficiency of 78% was really for the ambient temperature of 20ºC, at which the losses are 
minimal but the collector does not work. In fact the useful temperature range is 50ºC to 
80ºC ant then the efficiency is 70.8ºC  and 61.6ºC respectively. Multiply this by the 
percent of the effective area and the results are 39.4% and 34.2%. These is the real 
efficiency of the vacuum tube collector! 
 
For the sake of comparison I have taken a testing report for a flat plate collector 
prepared by an authorized laboratory. The collector effective area  was 91.6% and the 
nett efficiency was measured to be 62.6% and 44.3% at the temperatures 50ºC and 
80ºC respectively. The real efficiency calculated over the gross collector area is then 
57.4% and 40.5%. These results are notably better then those of a vacuum tube 
collector, although not as good as shown in the data sheets. The flat panel collectors are 
also much cheaper. It looks like someone is making fun at our expense. 
 
Let us analyze now the proposed earlier collector in form of a flat, thin box. The solar 
energy absorbed by the collector is directly proportional to its area. For the sake of the 
laboratory test a normalized solar power of 800W is used. The collector efficiency is 
reduced by thermal losses caused by conduction and by infrared radiation as well as 
through the light attenuation in the glass. The exact absorbed solar power can be 
calculated by numerically integrating the spectral distribution of the solar power 
described by the Planck’s formula and modified by the spectral characteristic of the 
selective surface. The same method is used for the infrared emission. Incidentally, these 
methods are used to define the absorption and emittance for the selective surfaces. 
 
The losses through the thermal insulation of the bottom and of the sides are calculated 
using readily available (e.g. from the Internet) coefficients. Complete calculations are 
shown in the attached Appendix. They have been done in Excel and are relatively easy 
to verify. The results are as follows: the nett efficiencies of the collector at the 
temperatures of 50ºC and 80ºC are equal 73.6% and 66.4% respectively. Because the 
design of the collector case is practically the same as for the traditional flat panel, it can 
be assumed that proportion of the active area is also 92.6% of the total. Accordingly, the 
gross (real) efficiency of the proposed collector at the temperatures of 50ºC and 80ºC is 
67.4% and 60.8% respectively.  
 
For the ease of comparison, the above mentioned efficiency figures are shown in the 
tables and charts. The efficiency of the vacuum tube collector has been taken from the 
solar collector textbook “Kolektory słoneczne” (Wiśniewski, Gołębiewski, Kurowski, 
Więcka), Fig. 7.4, page 160. 
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t (ºC) 20 30 40 50 60 70 80 90 100 110 120 

B.G. % 79.83 77.84 75.76 73.59 71.31 68.91 66.36 63.66 60.79 57.77 54.42 

flat panel % 80.00 74.51 68.03 62.63 56.00 50.63 44.25 38.63 32.50   
vac. tube % 78.00 75.5 73 70.8 68 65 61.6 58.5 54.5 50 44 

 
Table 1. Comparison of the collector nett efficiencies. 
 

 
 

t (ºC) 20 30 40 50 60 70 80 90 100 110 120 

B.G. % 73.12 71.30 69.39 67.41 65.32 63.12 60.79 58.31 55.68 52.92 49.85 

flat panel % 73.28 68.08 62.31 57.37 51.30 46.38 40.53 35.39 29.77   

vac. tube % 43.37 41.98 40.59 39.36 38.01 36.14 34.24 32.53 30.30 27.8 24.46 
 

Table 2. Comparison of the collector gross efficiencies. 
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b) 

Comparison of gross efficiencies
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Fig. 4. Comparison of the collector efficiency characteristics.  
 
The most striking are the curves in Fig. 4. b. showing the gross (real) efficiencies per 
roof area covered the collectors. They show the truth about the vacuum tube 
collectors and the value of the manufactures’ claims. 
 
The proposed collector would contain more heat exchanging fluid, than a traditional 
flat panel and this can have an effect on its thermal response. Therefore, to enable 
quick heating up, the box should be possibly thin, down-limited only by the ability of 
the fluid to circulate within the meandering channels.  
 
Out of curiosity I have also calculated the efficiency of the collector with CO2 based 
thermal insulation in place of the mineral wool. It gives a few percent extra 
improvement.  
 
Apart from typical application to produce hot water and possibly for space heating, this 
type of collector can find additional uses due to its efficiency and durability. Its superiority 
should be especially obvious in situations with abundant sunshine, which in turn 
suggests its utilization for the air conditioning systems. High efficiency and durability also 
suggest application in the desalination plants at the African coast.          
 
Bogdan Goczynski 
 
Appendix with the efficiency calculations of the proposed collector 
http://bgoczynski.files.wordpress.com/2011/06/appenidx-b-g-collector-efficiency-
calculations.pdf 
 
The author and the owner of patent for the above described collector is an engineer with 
Msc from the Warsaw Polytechnic.  
 


