
 

   

   

   

   

    

 

  

  

  

  

   

  
  
  
  
  
   
  
  
  
 
  
  
  
  
   
  

  

  
 
  
   
 
   
  
  
  
 
  
   
  

             

             

                

           

           

           

           

                 

   

   

  

 

 

  

  

  

  

 

  

  

  

  

   

                    

  
  
   
  
  
  
  
  
   
 
   
  
 
  
   
  
  
   
 
   
 

  
  
  
 
  
   
  

                               

             

              

                     

                 
            

            

FROM MODELLING TO OPERATION: EXPERIMENTAL 
VALIDATION OF DIFFERENT CONTROL STRATEGIES 

FOR BAPV-T VENTILATION 
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CONCLUSIONS
• Several control strategies have been assessed to provide a better understanding of module’s ventilation process, as well as heating of the air in the channel.

• Module temperature reduction due to ventilation provides an important increase in PV production (about 1.9% averaged increase through a 5-months span).

• Heated air at the channel exit could be used for space heating during cold months through the building ventilation system.

• BAPV-T system ready for its real implementation during the upcoming months, incorporating optimal control strategies depending on the targeted objective.

This work presents an experimental advancement of a Building Applied PhotoVoltaic-Thermal (BAPV-T) system previously developed and modeled within the framework
of the EU-funded oPEN Lab project. While earlier work focused on the detailed thermal–electrical modeling of a rear-ventilated PV system and the simulation-based
optimization of fan control strategies [1], the present contribution reports on the development, implementation, and experimental validation of control
algorithms for forced air ventilation. The control strategies have been implemented in a significant-scale experimental setup installed on the roof of CENER
facilities, consisting of four PV modules mounted in a row and forming a rear ventilation channel of approximately 10 cm height. The system operates under
real outdoor conditions and applies variable air mass flow rates through a controlled ventilation fan, driven by the developed control algorithms, providing key
information for its upcoming real implementation on the roof of the school “Escolapios La Compasión”, in Pamplona (Spain).

Keywords: BAPV-T, PV ventilation channel

TESTING SET-UP

DAILY ASSESSMENT
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UPCOMING: REAL IMPLEMENTATION

This project has received funding from the European Union’s Horizon 2020 Research and 
Innovation Programme under grant agreement No. 101037080.
The sole responsibility of the content of this publication lies with the authors. It does not
necessarily reflect the opinion of the European Union. Neither the CINEA nor the European
Commission are responsible for any use that may be made of the information contained therein.

Best control strategy to be implemented during the upcoming months on the roof of
“Escolapios La Compasión” school (Pamplona – Spain). Three BAPV-T sections on the roof
for comparison: natural ventilation (left); fan control algorithms with air released into the
atmosphere (center); and warm air introduced into the building for space heating (right).

MOTIVATION

EXPERIMENTAL RESULTS

[1] Cornago et Al., EPJ 
Photovoltaics 16, 19 (2025)

 

   

   

   

   

   

   

   

   

   

    

 

  

  

  

  

   

  
  
  
  
  
   
  
  
  
 
  
  
  
  
   
  

  

  
 
  
   
 
   
  
  
  
 
  
   
  

             

             

                

           

           

           

           

                 

   

   

  

 

 

  

 

  

  

  

  

   

                              

  
  
   
  
  
  
  
  
   
 
   
  
 
  
   
  
  
   
 
   
 

  
  
  
 
  
   
  

                               

             

              

                     

             
                

              
                

 

   

   

   

   

   

   

   

   

   

    

 

  

  

  

  

   

  
  
  
  
  
   
  
  
  
 
  
  
  
  
   
  

  

  
 
  
   
 
   
  
  
  
 
  
   
  

             

             

                

           

           

           

           

                 

   

   

  

 

 

  

 

  

  

  

  

   

                              

  
  
   
  
  
  
  
  
   
 
   
  
 
  
   
  
  
   
 
   
 

  
  
  
 
  
   
  

                               

             

              

                     

                 
            

              
                

Linear control regulating airflow through
channel as a linear function of solar
irradiance (averaged over previous 5
minutes to avoid excessive hysteresis).

❑ ≈ 7ºC of maximum module cooling
(module #1 vs #4) for a sunny winter day
(up-right graphs) and ≈ 10ºC for a sunny
spring day (down-right graphs).

GLOBAL BEHAVIOR ASSESSMENT
➢ Experimental setup designed and installed at CENER’s outdoor facilities to test and

assess different fan control strategies (9-months testing campaign: Dec-25 to Sept-26).

❑ 4 PV modules mounted (portrait) in a row and forming a rear ventilation channel of
approximately 10 cm height (multiple sensors to monitor important variables).

.

Four-steps control

Customized control strategy implemented
to evaluate the heating & cooling
dynamics of the PV modules for different
levels of ventilation and irradiance.

Graphs show behavior of multiple variables assessed through different days with two of
the ventilation control strategies tested during the monitoring campaign.

Linear control

Prev. 5-min Averaged GPOA Fan Control

GPOA < 50W/m2 OFF

50W/m2 < GPOA < 800W/m2 Power ~ GPOA

800W/m2 < GPOA Power = 100%

❑ ≈ 6ºC of maximum air heating through
the ventilation channel.

Hour <9:00 9:00 9:30 10:00 10:30 11:00 11:30 12:00 12:30 13:00 13:30 14:00 14:30 15:00 15:30 16:00 16:30 >16:30

Fan status OFF ON OFF ON OFF ON OFF ON OFF ON OFF ON OFF ON OFF ON OFF OFF
Fan power (%) - 20 - 40 - 60 - 100 - 20 - 40 - 60 - 100 - -

Linear control results

This section presents some interesting results from the statistical analysis of monitored
results through 5-months span by using described linear control ventilation strategy.

                                                              

                                                        

                                                                     

➢ Air Temp. increase through the ventilation channel is
nearly linear with the level of irradiance (max. 8°C).

➢ Cooling Temp. of first module in the channel is also
proportional to the level of irradiance (max. 10°C).

➢ Relative increase in electrical
generated energy due to
ventilation varies with irradiance
(max. ≈4.0%; avg. ≈1.9%).
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