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Abstract 

 

Intending to increase the reliability of photovoltaic systems in agriculture sector, this work was developed 

to calculate the energy required by fan-pad systems for the cooling process in greenhouses. This calculation 

aims to ensure that the cooling process is completely sustainable. Today, there are no scientific tools to 

determine the electrical energy consumed by air exhaust fans. In order to address this problem, a 

mathematical model that predicts the greenhouse temperatures and ventilation rates, was calibrated with 

experimental data. The results correspond to a typical summer day with high solar radiation and showed that 

mathematical model can enhance the management of the energy for the cooling process. These results are: 

power of exhaust fans and their operating hours. It was used a methodology for selection of photovoltaic 

systems in order to design grid-connected configurations systems capable of producing, at least, the whole of 

the required energy by three greenhouses with different areas. It is concluded that the accuracy of the model is 

acceptable and with the methodology of selection of photovoltaic systems represent a reliable tool for calculus 

of electric power [W] and electric energy [kWh] consumed by the fans, which represent the main and initial 

design parameter of any type of photovoltaic system. 

 

1. Introduction 

 

The management and operation of greenhouses has evolved, above is based on experience and on a 

relatively short period of time has become an activity based on science. This has become possible by the 

development of scientific tools and technical improvement of equipment available. A greenhouse is an 

enclosure which their environment can be controlled and modified to accommodate the growth of different 

types of plants. The greenhouse environment is represented by a group of climatic variables, such as radiation, 

temperature, humidity and carbon dioxide concentration, affecting development and plant growth. Also it 

depends on the ventilation system, today it is common either by natural or forced air ventilation with or 

without fan-pad systems. 

 

The fan-pad systems in greenhouses have been available since 1954, and currently are the most used in the 

summer for cooling systems in Mexico. The main design parameters of these systems are: 1. Ventilation rate 

(removal of hot air to allow the entry of cold air from the pad). 2. Materials of pad to cool air. 3. The location 

of the fans (Nelson, 1998). Solar radiation increases the temperature of air leaving the pad during its passage 

along the greenhouse to the exhaust fans on the opposite side. It is considered important to maintain a 

constant temperature throughout the greenhouse. Therefore, to control the temperature increase, it will be 

necessary to increase the air velocity. This increase in the ventilation rate also represents an increase in the 

amount of electrical energy consumed by fans. 

 

The general methodology for the development of predictive mathematical models of crop growth has been 

widely documented. Willits (2008) developed a model to investigate the thermal stratification in greenhouses, 
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