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 Abstract: This report analyzes the convenience of installing PV panels on roofs leaving 

some space between the roof and the panel. The report also compares the differences 

between cold and warm conditions, showing the importance of leaving some ventilation space 

to get better efficiency on the panel.  
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Introduction 
 

Solar energy has become a real alternative to replace some fossil fuel consumption. 

One important application of solar energy is the integration of PV panels on buildings. Today 

there are many options to integrate PV panels in buildings new buildings, on the façade, roof, 

windows, as shadow elements... But in old buildings the most used option is the integration on 

the roof. 

 Temperature is an important factor to consider when a PV system is designed. We 

could make the mistake of thinking that the higher temperature we have the better efficiency 

we’ll get. The real effect of temperature is just the opposite. The conductivity of a 

semiconductor increases when the temperature is higher, therefore it is easier for electrons to 

holes elsewhere in the material to fill, being the electrical balance in the cell increases, the 

electric field falls away to the boundary, so the load can no longer remain well separated. The 

result is a decreasing tension between the two layers. This effect is illustrated in the figure 

below:  

 

Figure 1: Effect of temperature on voltage 

On a polycrystalline panel, the effect of temperature on efficiency can be around 

0,45%/ºC, while in a monocrystalline panel the effect is a bit lower. In terms of watts, in a 

polycrystalline panel of 135 Watts, with an efficiency of 14% at 25ºC, we could lose around 12 

Watts per panel at 45ºC and 24 Watts per panel at 65ºC.  

We should try to keep the panel as cool as possible by applying passive measures such 

as a natural ventilation system. In the following parts of this report we’ll analyze the real effect 

of having ventilation between the panel and the roof for different climate conditions. 

 

 



Methodology 
  

The problem to analyse consists of three different situations one without ventilation 

one with a gap of 10cm between the panel and the roof and another case with 50cm between 

the roof and the solar panel, these three situations are shown in figure 2 and figure 3. 

 

 

 

 

 

 

 

   Figure2: PV installation without ventillation 

 

 

 

 

 

 

 

 

   Figure 3: PV installation with ventillation 

 

For this problem we will assume that the outside temperature is constant in each case 

and can’t be affected by the temperature of the PV panel. We will also consider the indoor 

temperature constant for all cases and equal to 21ºC. According to these assumptions we will 

have to analyze the temperature changes in the PV panel and roof for the first case, and the 

temperature changes in the PV panel, roof for the second case. And for the third case we will 

neglect the effect of the roof temperature since the distance between the roof and the solar 

panel is big enough to do it. The roof is completely covered by the PV installation so there is no 

sun heating the roof.  
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To solve the problem we propose the following thermal models, 

 

 

 

 

Figure 4: Thermal model for a PV installation without ventilation 

 

 

 

 

 

 

 

 

Figure 5: Thermal model for a PV installation with 10 cm ventilation 

 

Figure 6 : Thermal model for a PV installation with 50 cm ventillation 

 

For the first case the physical model is represented by the following system of 

equations: 
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The physical model for the second case is represented by the following system of 

equations:   

 

    
  

                                                                            

 

      

  
                                                                                     

 

     
  

                                                          

  

 Finally the physical model for the third case corresponds to the following equations: 

    
  

                                                      

     
  

                                  

 

 To simplify the model we will consider that the wind blows strong enough to renew the 

air in the gap, so the temperature of the air will be constant and equal to the outdoor 

temperature. In that case the last equations of the second and the third model won’t be useful 

since  
     

  
   .  

 In the equations above Tout represent the outside temperature, we will consider three 

cases, one in a cold day,         , another for a temperate day            and the last one 

for a warm day          . Tin represents the temperature inside the building, we will consider 

this temperature constant for each case and equal to 21ºC.  Tpv,roof,air represents the 

temperature of the PV cells, the roof and the air respectively in [ºC].               represents the 

density of each layer in [Kg/m3].               represents the heat capacity of each layer in 

[J/kg·K].                is the thickness of each layer in [m]. Qg is the solar radiation falling on the 

surface of the PV panel in [W/m2].            is the radiation heat transfer coefficient between 

the roof and the PV panel when there is ventilation in [W/m2·K].         are the 

convection/conduction heat transfer coefficients between different elements. 

 

 

 



Calculations 
 

The first things to consider is the convection, conduction and radiation heat transfer 

coefficients. In order to calculate this we should establish the properties of the materials used 

in the system. We’ll consider the solar panel as three layers, the top one made of glass, the 

middle one made of Silicon and the bottom one made of Aluminium. We got this data from 

different database available on the Internet (see references).  

 The different parameters to consider are shown in the following table: 

Material Conductivity 
coefficient 
[W/m2·K] 

Convective 
coefficient 
[W/m2·K] 

Emissivity Absorptivity Density 
[Kg/m3] 

Heat 
capacity 
[J/kg·K]  

Thickness 
[m] 

Air 0,02 30 0.67(sky)  1,23(Normal 
conditions) 

1012 0.1-0.5 

Glass 0.81  0.9 0.13 2500 890 0.003 

Silicon 148  0.87 0.08 2300 753 0.005 

Aluminium  236  0.07 0.15 2700 897 0.005 

Reinforced 
concrete 

1.63  0.88 0.6 2400 880 0.5 

Tabla 1: Parameters for each material 

 

 We’ll neglect the conductivity coefficient between air and the PV panel since the 

conductivity coefficient is pretty small. For the convective coefficient we have chosen an 

average value, it would be interesting to study the variation in the air convective coefficient 

with the air velocity. Many models have been proposed to calculate this coefficient such as the 

model proposed by Seokyoun Kang et al. 2008. It would take a whole project to determine this 

value so we have decided to take an average of 30 W/m2K for an air with a slow motion.  

 For the radiation heat transfer coefficient we’ll use the following equation 

 

 To simplify the calculations we’ll consider the view factor between aluminium and 

concrete equal to one. The area is 1 m2 and σ is the Stefan-Boltzmann constant [5.669·10-08 

W/m2·K4]. 

We used Matlab to perform all the calculations. The solar irradiation considered was 

750 Wh/m2. The results obtained are shown in the following tables 

 

 

 



 

Conditions T cells [ºC] T roof[ºC] 

Cold day  34.9 21,65 

Temperate day  51.03 34.54 

Warm day  60.52 35.2 
Table 2: Results without ventilation 

 

Conditions T cells T roof 

Cold day  8,3 20,9 

Temperate day  24,7 21 

Warm  43,5 21,1 

Table 3: Results with 10 cm ventilation 

 

Conditions T cells[ºC] 

Cold day  5.325 

Temperate day  25.325 

Warm day  45.325 
Table 4: Results with 50 cm ventilation 

  
 With this results we can analyze how would they affect to the efficiency of a panel. We 

will consider the panel A-135 of ATERSA, a common panel in the market. This is a 

polycrystalline panel with a peak power of 135 Wpk an efficiency at 25ºC of 13,88% and a 

temperature coefficient of        .  

 The effect over the efficiency and the power for each case are shown in table 5 

 

Case Climate Efficiency Power 
[W] 

Power 
variation 

[W] 

Power 
variation 

[%] 

Without 
ventilation 

Cold 13,29 129,25 -5,75 -4,26% 

Temperate 12,33 119,89 -15,11 -11,19% 

Warm 11,76 114,38 -20,62 -15,27% 

With 10cm 
ventilation 

Cold 14,88 144,69 +9,69 +7,18% 

Temperate 13,90 135,17 +0,17 +0,13% 

Warm 12,78 124,26 -10,74 -7,96% 

With 50 cm 
ventilation 

Cold 15,05 146,42 +11,42 +8,46% 

Temperate 13,86 134,81 -0,19 -0,14% 

Warm 12,67 123,20 -11,80 -8,74% 
Table 5: Effect of temperature over efficiency and power 

 

 

 



 

DISCUSSION 
 

 The model proposed has many limitations. The first one is to assume that the air 

temperature in the gap for the second case it will remain constant, it’s obvious that in a small 

gap of 10 cm the air temperature will be affected by the temperature of the roof and the solar 

panel, that is why in the second case we should get higher temperatures for the PV cells.  

 We should also have considered the wind speed, but that would have complicated the 

model. That would be an interesting study for a master thesis.  

 Apart from the limitations of the model, we can get interesting conclusions. The 

variation between having and not having a ventilation gap can be of 15 W per panel for a cold 

climate, surprisingly this difference is lower in warm climates. That can be explained as a 

consequence of the effect of the roof temperature. In a warm climate if we keep the indoor 

temperature of the building at 21ºC it will act as a cooling system for the PV panel. Of course in 

that case the energy demand of the building will increase considerably. We’ll try to avoid this 

situation not only because we get better efficiency in the panel but also because we will 

reduce the energy demand of the building. In cold climates we could improve the isolation of 

the building by installing the solar panels without ventilation gap, as we have seen that will 

reduce the efficiency of the panel but it may be interesting for the building heating. 

 In any case we will have to study each building separately, but in general terms the 

ventilation gap between the building and the panels will improve both the efficiency of the 

panel and the energy demand of the building. 

 Considering that this model has the limitations we mention before, we can see that is 

not really worth it to have a bigger gap, the effect of heat transfer by radiation between the 

roof and the panel can be neglected and the only problem we can have is a circulation problem 

in the gap if it’s not well designed. The fact of leaving a bigger gap will increase considerably 

the cost of the installation because the mechanic load on the building will be much higher and 

construction material will have to be more rigid.  

 According to this argumentation the best solution will be to leave a small gap between 

the roof and the PV installation. We will avoid overheating problems getting more energy and 

making the installation more profitable even if we will slightly increase the investment cost. 
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