
  

  
Abstract—Despite the consequent development of solar 

thermal systems in many countries, there are many difficulties 
which to a large extent hamper the implementation of these 
products. The summary of discussions of the R & D seminar 
organized by ADEME1 in Sophia Antipolis (27 – 28 April 2004) 
about "the need for innovation in solar thermal", states that 
solar thermal systems currently available in the market are 
added to the building without real integration. The problems, 
both technical and aesthetic, are the obvious obstacles to the 
development of this type of systems. For these reasons, in the 
frame of the present work, a new flat plate solar collector with 
high building integration and a prototype of this collector were 
developed. A numerical thermal model, developed in Matlab® 
environment by using a finite difference model was validated. 
Then, a modelling of the solar system was realized and the 
performance of the proposed system was optimized for various 
solar collector configurations.   
 

Index Terms—Solar system, building integration, solar 
thermal collector. 
 

I. INTRODUCTION 
The solar industry is relatively mature, the cost of these 

products is stabilized and it is likely to evolve quite slightly 
over the upcoming years: other than a scale effect resulting 
from rapid growth markets, only a technological 
breakthrough in the act of conception, could significantly 
change the economic level.  

The following barriers are identified (in order of 
importance): financial, technical and psychological (the 
psychological barriers are related with the aesthetics and the 
rigidity of the architectural codes [1]). 

Installations using solar energy (or wind energy) have 
negative visual impact and this discourages some potential 
users. Photovoltaic systems already provide to users and 
designers, in terms of aesthetics, a flexibility of application in 
particular through the small cell size and flexibility of 
electrical wiring, unlike hydraulic lines. This greatly 
increases their potential for building integration [2], [3].  

However, in some countries such as France, the law 
remains rigid and promotes the appearance of a home to its 
energy aspect. Although there is a recent release, the 
conditions are strict, and tend, at the same time that financial 
aid at a maximum integration of energy components. 
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Government guidelines are also reaffirming the priority given 
to the solar technologies integration into the building in order 
to promote friendly aesthetic solutions landscape and 
architecture, and position the industrial sector and artisans on 
a higher value added [4]. 

Nowadays, urban solar energy systems change the design 
and the functions of buildings. This is because solar 
installations can be elements of building envelope and (at the 
same time) energy producers.The building integration of 
solar thermal systems currently is possible since most of 
these systems can be considered as technical elements and 
they are confined to the roof where solar radiation is most 
important, but also where poor integration will be less visible 
[5]-[7]. Off-roof integrations (very rare), offer a great 
opportunity in terms of the available surface, but also greatly 
increase the visibility of the facilities.  

Munari Probst and Roecker [8] conducted a study based on 
a questionnaire sent to more than 1,500 architects, engineers 
and façade designers across Europe. The idea was to ask the 
professionals what they thought of the different integration 
solutions proposed in the questionnaire. According to the 
respondents (11%-170), it is clear the need for the 
development of new collectors as part of energy and 
multifunctional building. 

On the other hand, the color of the solar absorber could be 
an important argument in terms of architectural quality. 
Anderson et al. [9] studied the thermal performance of solar 
collectors of different colors, unknown concept a few years 
ago. The study concluded that new technologies of colored 
solar absorbers, manufactured by depositing thin layers, 
allow obtaining an acceptable performance. Their lack of 
performance compared to a black absorber (or dark blue for 
some selective surfaces) could be offset by their better 
architectural integration and thus justify a growing interest in 
the future [10]. 

Hassan et al. [11] studied the performance of a solar flat 
plate collector in-roof and fitted horizontally, replacing the 
hip. The typically ridge tile is then "truncated" and the rear 
face of the collector corresponds to the frame housing. The 
authors announced an annual solar fraction of 85% for a 
family with 4 persons and an installation of 4 m².  

De Beijer [12] introduced an integrated collector, also 
replacing the hip. The collector was composed of two glass 
tubes, one inside the other. The space formed by the two 
tubes was vacuum space in order to limit the losses by 
convection. The inner tube served as storage container for 
water. The outer tube was coated with a selective solar 
absorber on its outer face. The heat was transferred from the 
outer tube to the inner tube by evaporation and condensation 
of the fluid. The author did not provide any information on its 
performance or its cost.  
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Huang et al. [13] introduced a collector acting parapet and 
could be considered as a building component. This dual 
function of solar collector and building materials could 
greatly reduce costs, but such a facility involves a very high 
angle collector near the vertical, which favors winter 
efficiency. The outer glass was colored to satisfy the 
architectural needs. The author said, without too much detail, 
a daily efficiency between 34 and 39% for a 75° titled and for 
different colors of glass. 

Thus, in the frame of the present work, a solar collector 
with high building integration was developed and evaluated. 
In this way, the present work fills the gap in the field of solar 
thermal systems which are really integrated into the building 
while the proposed system provides advantages from 
technical as well as from aesthetic point of view. 

 

II. PRESENTATION OF THE SOLAR COLLECTOR AND OF THE 
THERMAL EXPERIMENT 

A. The Water Solar Thermal Collector 
The patented solar water collector H2OSS® presents a 

high building integration without any visual impact from the 
ground because it is inserted within a drainpipe (Fig. 1) which 
conserves its rainwater evacuation role. It can be used both on 
east, west or south oriented walls (the collector being 
oriented south into the drainpipe). A north orientation is 
excluded due to important shading effects. The canalizations 
connecting the house to the heating collector are hidden in the 
vertical drainpipe. An installation consists in several 
connected modules. One module is about 1 m length and 0.1 
m in width (individual houses), larger modules can be 
developed for buildings. The number of modules depends on 
the drainpipe length.  

 

 
Fig. 1. The patented solar collector H2OSS®. 

 
The structure of the H2OSS® solar collector is composed 

by a glass, an air layer, a highly selective absorber and an 
insulation layer (Fig. 2). The cold fluid flows from the tank 
through the inferior insulated tube and then in the upper tube 
in thermal contact with the absorber. 

 

 
Fig. 2. The solar thermal module structure. 

B. The Experimentation 
The experimentation (Fig. 3) has as objectives to test the 

thermal behaviour, to validate the thermal model and to 
improve the performances by some parameter adjustments. It 
is located on the laboratory site situated in the gulf of Ajaccio 
(latitude: 41°55’ N; longitude: 8°55’ E) at about 200 m from 
the Mediterranean Sea and at an altitude of 70 m. This 
experimentation allows to operate closer to the European 
Standard EN 12975-1 [14]: 4 rows of 4 thermal modules (1.8 
m²), connected in serial or parallel, are fixed on a solar 
tracker for a better control of the solar intensity and direction. 

 
Fig. 3. The experiments: the solar tracker with H2OSS modules. 

 The solar modules are connected to a thermal loop which 
regulates the input fluid temperature heating the fluid if it is 
too cold and cooling it in the other cases using an air cooler. 
Every minute are collected: solar irradiance on the collector 
plane (measured by a Kipp & Zonen CM11 pyranometer), 
ambient temperature, humidity, wind speed and direction, 
fluid flow rate and input and output fluid temperatures (for 
each module). 

This experiment allows to plot the performances of the 
new solar collector and to compare them with the 
performances of a conventional solar one (Buderus 3.0) 
measured on the same site for the same collector surface area. 
Fig. 4 shows the efficiency (η) in stationary conditions versus 
the reduced temperature Tr. [15] for the Buderus solar 
collector and the H2OSS in parallel and serial configurations. 
The efficiencies were calculated experimentally for various 
measured reduced temperatures and a linear regression is 
applied in order to determine the optical efficiency and the 
thermal losses according to equation (1) :    

 
                        with

 
/                       (1)

 
where Φ is the solar irradiance, Tm is the average temperature, 
Tamb is the ambient temperature, B is the optical efficiency 
(dimensionless) and K represents the thermal losses 
(W.m-2.K-1) [16]. 

 
Fig. 4. Efficiencies vs the reduced temperature for H2OSS and Buderus SKN. 
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The values of optical efficiency and thermal losses are 
given in Table I. 
 

TABLE I: OPTICAL EFFICIENCY AND THERMAL LOSSES

 Buderus SKN 
3.0. 

H2OSS 
serial 

H2OSS 
parallel 

Optical Efficiency B 0.786 0.890 0.906 

Thermal Losses K 
(W.m-2.K-1) 4.31 13.50 8.99 

 
If our optical efficiency is high, we note a bad coefficient 

relative to the thermal losses. This difference is due to the 
geometry of the H2OSS® modules. The thermal losses on the 
sides of the modules are more important and so the 
performances decrease rapidly when the reduced temperature 
increases. The performances of the H2OSS collector are 
better with a low reduced temperature and it woks better 
when the temperature of the input water is low; consequently, 
it seems more interesting to use a water storage tank with a 
thermal stratification inducing to work at low flow rate; thus, 
the water coming from the tank to the solar collector will be 
colder. 

In Fig. 5 thermal performances for the two solar collectors 
for two days with similar meteorological conditions are 
illustrated. The input water temperature is 60°C 
corresponding to a high reduced temperature unfavourable to 
the H2OSS collector; the meteorological data, the water 
temperatures and the useful thermal power per m² are plotted 
in Fig. 4. 

 

 
Fig. 5. Comparison of the two solar collectors performances. 

 
We note that, around the solar zenith, the gap between the 

two useful powers is about 100 W.m-2. This period is 
unfavourable to the H2OSS collector because the reduced 
temperature is high. In decreasing this temperature, the gap 
will be reduced and reversed when the reduced temperature 
will reach about 0.013 K.m²/W as it can be seen in Fig. 4. 
Consequently, the thermal performances of the H2OSS 
collector are good for low reduced temperatures and the 
thermal losses are greater than it is observed in conventional 
solar collector with simple cover and selective absorber. 
Thanks to the use of a numerical study, it will be possible to 
test various new configurations of the solar system using the 
H2OSS collector and to find some improvements. 
 

III. THE THERMAL MODEL 
A brief description of the model for the thermal behaviour 

of the solar domestic hot water system described in Fig. 6. 
(and detailed in two previous papers [17-18]) is presented; it 
consists in two main models : 
- a thermal model of the H2OSS module which calculates 
various temperatures into the solar collector [17]. 
- a thermal model of the hydraulic loop comprising the water 
storage and the water distribution circuit developed by 

 

 

 

A.  The H2OSS Solar Collector 
The particular geometry of the solar thermal collector 

which has lateral faces much wider than a conventional 
collector relatively to its collecting surface, generates a 
specific thermal behaviour. 

We developed a bi-dimensional model with thermal 
transfer composed of a serial assembling of one-dimensional 
elementary models. The domain is broken up into elementary 
isotherm volumes and for each node (97 nodes) we write a 
thermal balance equation using an electrical analogy. All the 
parameters of this model (such as module length, number of 
modules, physical properties of materials, geometry, 
convective coefficients, contact resistances, etc) can be easily 
changed in such a way that we can estimate the influence of 
future changes on the thermal performance of the solar 
module. 

The solar collectors can be connected in serial or parallel; 
in the first case, in the flow direction, the output fluid 
temperature of the first module becomes the input fluid 
temperature of the next one (see Fig. 7); in the second case, 
the output temperature is the same for all the lines of modules 
and the total water flow rate is the sum of the flow rates of 
each line. We obtain a system of 97 differential equations 
solved using an iterative method (each differential equation is 
solved by using the implicit Euler method). The input 
variables for this model are: the solar irradiance Φ, the 
ambient temperature Tamb, the air speed v, the sky temperature 
Tsky , the cold fluid temperature for the first module and the 
gutter temperature Tgutter . 

 
Fig. 7. Electrical analogy of the solar thermal collector and serial connexion. 
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Haillot et al. [18].

Fig. 6. The solar domestic hot water system.



  

This thermal model was implemented and validated from 
experimental data. A solar module was specially 
instrumented with 9 thermal sensors measuring the surface 
temperature in 9 specific points spread over the glass, the 
blade, the absorber, the insulation and the two faces [17]. The 
water output and input temperatures were also recorded. The 
experimental validation shows that the developed model has 
a good accuracy with the measured data : the relative root 
mean square errors are around 5% for the water temperatures 
and from 4.6 % to 10% for the internal ones [17]. 

B. The Hydraulic Loop 
During the experimental phase, we noted that one of the 

essential problems with our solar collector is the hydraulic 
resistance due to the linear structure of our collector. 
Consequently, it would be wise the fact that this solar system 
works in low flow rate conditions. By reducing the hydraulic 
losses, the low rate regime has also other advantages as [19]. 

Thermal stratification : using low flow operation results in 
an increased outlet temperature from the solar collector and 
consequently induces a higher degree of thermal stratification 
inside the heat storage; moreover, the temperature at the top 
of the storage will be closer to the desired load temperature. 
Therefore, the auxiliary energy consumption will be 
decreased which increases the solar fraction. Further, with 
highly stratified heat storage the return temperature to the 
solar collector will be lowered and the working periods for 
the solar collector will be longer, which implies in an 

 
– Piping in the solar collector loop: with low flow systems it 
is possible to use smaller pipes, in this way first less material 
is used for pipes and insulation and secondly the heat losses 
are reduced. 
– Pump: The energy consumption of the circulation pump is 
decreased which is very important in our case. 
 

The thermal loop behaviour is simulated by using a 

divided in 19 nodes : 7 for the fluid circulation, 10 for the 
storage tank (optimal number of nodes in order to take into 
account optimally the thermal stratification [19]) and 2 for 
the water inlet and outlet in the storage (see Fig. 8). The 
temperature of the water at the outlet of the solar collector 
and the average temperature of the solar absorber are 
obtained from the modelling of the solar collector, keeping in 
mind that the 97 temperatures in the solar collector must be 
computed for determining these two temperatures. 
 

 
Fig. 8. Model nodes definitions [18]. 

The energy balance, in 1-D, is applied and an iterative 
method is used to solve the first order differential equations. 
A reversion-elimination mixing algorithm based on a thermal 
mix of  some storage tank nodes to obtain a correction factor 
in order to have a positive temperature gradient from the 
bottom to the top of the tank [23,24] is used to simulate the 
thermal stratification in the tank. The tubes between the tank 
and the solar collector are 20 meters long for half inside (the 
ambient temperature is then the temperature of the interior of 
the building) and for half outside of the building and the 
thermal losses are taken into account. The coil heat 
exchanger is modelled by 5 nodes and the thermal power 
between the heating fluid and the water into the tank is 
calculated by using the NTU method [25].  

The domestic hot water is extracted according to a given 
daily water consumption profile seen in Fig. 9 from the top of 
the tank (Node ST10), then used at temperature THW and in 
the same time an equivalent amount of fresh water at 
temperature TCW (depending on the month and the site) is 
introduced into the tank in the node ST1. The thermal losses 
between the water distribution network and the tank, and 
between the storage tank and the water network of the 
building are taken into account. 

 

 
Fig. 9. End-user daily load profile [26]. 

 
The French Scientific and Technical Centre of Building 

(CSTB) analysed the performances of 120 solar thermal 
systems working in real conditions and recommends giving 
to the user water at 50°C [27]. This temperature allows to 
reduce the energy consumption but the risk of legionella 
development exists, thus for avoiding this, it is necessary to 
use a thermal flash at 70°C [27-28]. The auxiliary heating is 
activated when the temperature in the node ST8 falls under 
50°C and stopped when it reaches 55°C. 

Generally, in conventional solar system, the pump is 
switch on or off in comparing the temperature in the bottom 
of the tank with the output temperature of the solar collector; 
however, in a conventional system, the collector is inclined 
and the hot fluid climbs by natural convection to the 
temperature sensor situated on the top of the collector when 
the pump is stopped. In our case, the input and the output of 
the thermal fluid are at the same level that annihilate the 
natural fluid movement and does not allow to measure the 
increase of the temperature. Thus, we chose another mode of 
regulation: the pump is activated when the difference 
between the absorber and the ST1 node exceeds the following 
threshold dON defined by : 
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increased output energy from the solar collector ], [ 21]. [20

numerical code based on a nodal approach [18], [22]. It is 



  

                               0,16 20 9   (2) 

The pump is switch-on when: 9 17 
                                             and                             (3) 

 
 

Then the flow rate is regulated as seen in Fig. 10. After a 
rapid increase of the flow rate, the pump runs at peak power 
and then continues at half capacity and it is stopped when 
(Tabsorber-TST1) is less than 2°C. 

 
Fig. 10. Flow rate variation of the pump. 

 
This regulation method is used by some solar thermal 

collector manufacturer such as Wagner & Co [29] and 
Buderus [30]. The model described for the thermal loop was 
tested and validated by Haillot et al. [18] from measured data 
in year 2008. The comparison between experimental and 
computed data conduced to a relative root mean square error 
of 8.6% for the yearly average solar fraction; these results 
allow to consider that this thermal loop model is validated. In 
order to illustrate the thermal behaviour of the storage, we 
plotted in Fig. 11. the evolution of the temperatures ST1 to 
ST10 into the tank and we see clearly the stratification 
phenomenon that occurs. 

 

 
Fig. 11. a) Illustration of the thermal stratification into the storage tank. 

 
Fig. 11. b) Meteorological conditions. 

The two models have a good accuracy and can be coupled 
to simulate the thermal behaviour of the total solar system. 
The solar collector model will calculate 97 temperatures but 
only the output water temperature and the absorber 
temperature will be introduced in the thermal loop model. 

 

IV. OPTIMISATION OF THE SOLAR COLLECTOR STRUCTURE 
Our objective is to improve the performances of our solar 

collector in optimizing with the working conditions as the 
fluid flow rate. This optimization is realized through several 
simulations by using the two coupled models described 
previously in varying the configuration of the system. 

A. 
In order to choose the optimal configuration, we calculate 

during each simulation the following data : 
 
 

the working time of the pump and its electrical energy 
consumed; 

 
the working time of the electrical auxiliary heater and its 
electrical energy consumed; 

 
the thermal energy drawn to the storage tank i.e. useful 
for the user; 

 
the thermal energy produced by the solar system (solar 
and electrical); 

 
the part of the thermal energy produced by the solar 
resource. 

 
V.

 
THE THERMAL LOSSES BY THE STORAGE TANK AND THE 

DISTRIBUTION WATER NETWORK. 
From these data, we defined three solar fractions : 

•
 

SF : the conventional Solar Fraction which is the ratio of 
the total Solar energy delivered to the tank 
EThermal,Solar (kWh) and the total energy delivered to 
the tank EThermal (kWh). EThermal is the sum of the 
solar energy delivered to the tank and the auxiliary 
energy delivered to the tank EElectrical ,AuxHeat . 

 , /  , / , ,      
(4) 

• SF+: we noted during the experiment that important 
hydraulic losses occur in the solar collector due to the 
serial connexion of the thermal modules. These 
hydraulic losses induce the necessity to use an electrical 
pump with a high peak power and consequently to a high 
electrical consumption for the fluid circulation. 

Consequently, it seems necessary to take into account the 
supplementary electrical energy due to the pump working in 
the calculation of the solar fraction and we added the 
electrical energy consumed by the pump EElectrical, pump to 
the electrical energy used for the auxiliary heating : 
 ,, , ,                          

(5) 
 

• SF++: the value of electric power and thermal energy 
differs due to the form of energy. Electricity is a 
high-grade form of energy since it is converted generally 
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The Optimisation Procedure



  

from thermal energy. To take into account this 
consideration, Huang et al. [31] suggest using the 
energy-saving efficiency also called overall thermal 
efficiency [32-34]. In this efficiency the thermal energy 
is converted into electrical energy via an electric power 
generation efficiency ηTher-Elec considering a 
conventional power plant. ηTher-Elec is taken equal to 0.38 
[31-34]. This formulation suggests energy equivalence 
between electricity and thermal energy with an electrical 
to thermal ratio equal to 2.63 (1/0.38). To take into 
account this difference of quality of energy, we 
introduced the solar fraction SF++ converting the 
electrical energy in thermal one: 

 

, / , , ,  (6) 
 

We saw during the experiment (see paragraph 1.2.) that an 
important problem for our collector is the heat losses due to 
the particular shape of the H2OSS collector. The objective 
being to reduce the temperature of the absorber, we wanted to 
test, after preliminary studies, a new configuration of the 
H2OSS collector called New Version (see Fig. 12). 
 

 
Fig. 12. The two versions of the solar collector H2OSS used for the 

optimization. 
 

Our optimisation study is realized from the variation of the 
three solar fractions for a solar thermal system used by a 
family of 4 persons living in Corsica and composed by 35 
serial connected modules H2OSS (4 m²) and a storage tank of 
200 L. 

First, we verified that the utilization of 35 serial solar  
modules does not conduce to a saturation of the temperature 
i.e. that the water temperature continue to increase. Fig 13 
shows, in steady-state, the evolution of the water temperature 
versus the number of solar thermal modules (for a solar 
irradiance = 750 W.m-2, an ambient temperature = 25°C, a 
wind speed equal to 1m.s-1 and a flow rate = 60 L.h-1) for the 
two versions of the solar collectors. 
 

 
Fig. 13. Evolution of the water temperature versus the number of the solar 

thermal modules for a) the current version 

 
Fig. 13. Evolution of the water temperature versus the number of the solar 

thermal modules for b) the new version of solar collector. 
 
We clearly note a more rapid phenomenon of saturation for 

the new version of solar collector but we can conclude that it 
is possible to install in serial efficiently 50 solar thermal 
modules i.e. 50 meters of gutter (rarely available in a 
conventional house). We used a pump for the fluid 
circulation with an electrical power calculated proportionally 
to the flow rate between 30 W for 15 L.h-1 to 250 W for 200 
L.h-1. 

Our calculations are realized for a winter month (January) 
and a summer one (July) from meteorological data collected 
on the site of your laboratory in Ajaccio, Corsica. 

We successively varied the fluid flow rate, the air 
thickness between cover and absorber (reduction of 
convective losses by the front face), the insulation thickness 
(decrease of back and lateral thermal losses) and the cover 
emissivity (decrease of front radiative losses). 

The domain of variation of these parameters must be 
realistic for two reasons: the dimensions of the solar collector 
must stay in the commercial standards and the gutter must 
continue to evacuate the rainwater (limits of the thermal 
insulation). In order to illustrate the calculations realized for 
each configuration of the solar collector, we show in Table 2, 
the various monthly energies (January and July) previously 
presented for the current configuration. 
 
TABLE II: EXAMPLE OF CALCULATION OF THE SOLAR FRACTIONS FOR THE 

CURRENT CONFIGURATION OF THE SOLAR COLLECTOR IN JANUARY AND 
JULY

  January July

Thermal energy drawn to the storage tank kWh 182.3 171.7
Thermal losses (Storage tank and water 

distribution circuit) kWh 27.8 43.9

Thermal energy needs kWh 210.1 215.6

Thermal energy produced by the solar resource kWh 51.1 146.6

Running time of the pump hours 62.5 219 

Electrical energy for the pump kWh 6.2 21.9

Running time of the auxiliary electric heater hours 79 34.5

Electrical Consumption of the auxiliary heater kWh 159 69 

Solar fraction SF % 24.3 68 

Solar Fraction SF+ % 23.6 61.7

Solar Fraction SF++ % 18.6 38.0

 
We note that the monthly energy needs in winter and 

summer are slightly different (2%) because in summer the 
mean temperature of the storage tank is slightly higher than in 
winter. We also note that the values of the three solar 
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fractions are very different particularly during summer 
because the running time of the electrical pump is greater in 
this period of the year. We can therefore expect different 
results in the optimization phase according to the chosen 
solar fraction. 

A. 

 

 
Fig. 14. The various solar fractions versus the water flow rate for a) the 

current version 
 

 
Fig. 15. The various solar fractions versus the water flow rate for b) the new 

version of the solar collector. 
 

Firstly, we see in Fig. 14 but also in Fig. 15 that the 
performances of the new version of the solar collector are 
better than the performances of the current version. Thus, in 
the following optimization, we will only consider the new 
version of our solar thermal collector. 

The presence of an optimum flow rate is more obvious 
using SF+ and SF++ because the electrical consumption of 
the water pump is taken into account and these two 
parameters are a better indication of the performance level of 
our system. It appears that the optimal flow rates are 
respectively 50 L.h-1 and 75 L:h-1 for summer and winter, 
respectively, for the new configuration and for the current 
version. 

For the winter period, the performances gap between a 
flow rate equal to 50 L.h-1 or 75 L:h-1 is lower than in the 
summer period, thus, the optimum water flow rate for our 
new system is taken equal to 50 L.h-1 and the following 
optimization calculations will be realized for this flow rate; 
which is considered as a low flow rate, in fact we consider as 
a low flow rate, a value between 7 and 15 L.h-1.m-2 [36] i.e. 
for our 4 m² between 28 and 60 L.h-1. 

 

VI. CONCLUSIONS 
The numerical models developed in this work allowed to 

propose new configurations for the H2OSS thermal solar 
collector on the basis of experimental findings. The solar 
collector was optimized numerically for a conventional 
installation for an individual housing in the South of France. 
The new positioning of the cold water tube, into the absorber, 
and no more in the insulation, has shown much better 
performance than with the actual prototype (the annual 
fraction passes from 41% for the current version to 76% for 
the new optimized version). The influence of the water flow 
rate was very high due to the particular conception of this 
new solar collector. 

This new configuration of the H2OSS concept will be 
implemented soon in the form of a prototype and it will be 
able to experimentally validate the numerical results. 
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