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Abstract 

In the beginning of my talk, I will briefly introduce Shimane University and surrounding region. Subsequently, I will talk 

about greenhouse photovoltaic (PV) systems developed in Japan. Finally, light-emitting diode (LED) systems for basic 

plant studies and possible applications for plant factories will be presented. 

1. Greenhouse photovoltaics 

The use of renewable energy for greenhouse environment control to replace or reduce the consumption of fuel and 

power-line electricity is an important objective for sustainable greenhouse crop production. Our study was undertaken to 

apply solar PVs for greenhouse environment control. 

1.1. Side-vents controller 

We developed a greenhouse side-ventilation controller driven by stand-alone power system comprising an 

amorphous-silicon PV module with rated power of only 3.2 W and a battery with 28 Ah capacity. The side-ventilation 

system controlled side vent openings according to the temperature in the greenhouse. The greenhouse side vents were well 

operated without outage, according to the greenhouse temperature throughout the experimental period. 

1.2. PV greenhouse 

To extend the use of PVs, a large scale PV array was tested on the south roof (13% roof coverage) of an east–west oriented 

single-span greenhouse, in which Welsh onion (Allium fistulosum L.) was cultivated. Two PV array formations were tested: 

straight-line (PVs) and checkerboard (PVc). The PVs array cast shadows on a specific area of the plants continuously during 

the cultivation. The plant growth under the PVs array shadow was significantly inhibited. The PVc array cast shadows in the 

greenhouse intermittently during cultivation. Consequently, the inhibitory effects of the PV array shading on the plant 

growth were diminished. The electrical energy generated by the PVc array was comparable to that of the PVs array. 

1.3. Semi-transparent PV module 

To avoid severe shading, two prototypes of semi-transparent-bifacial PV modules were developed for greenhouse roof 

applications. A module (PV1) using 1500 spherical solar microcells (1.8 mm diameter, crystalline silicon) with 15.4 cells 

cm-2 density in 108 mm x 90 mm area was produced. Thirty-nine percent of the area was covered with the cells. Similarly, 

a module (PV2) was made using 500 cells with 5.1 cells cm-2 density. The conversion efficiencies from sunlight energy 

irradiated on the 108 mm x 90 mm area into electrical energy were 4.5% for the PV1 module and 1.6% for the PV2 module. 

These modules are potentially suitable for greenhouses in high-irradiation regions, such as Mediterranean, where PV 

electricity production could be high and winter demand low. 

2. LEDs 

Plant growth and development depend on the availability of light. Lighting systems therefore play crucial roles in plant 

studies. Recent advancements of light-emitting diode (LED) technologies provide abundant opportunities to study various 



plant light responses. 

2.1. LED artificial sunlight emitter 

Our study developed a lighting system that produces an approximate spectral irradiance (SI) of ground level sunlight in the 

wavelength range of 385–910 nm using 547 LEDs with 32 different peak wavelengths. The produced SI can be modified 

over an arbitrary wavelength band. The SI produced from the lighting system could be adjusted to approximate 1/4 ground 

level sunlight of the April sunny day. 

2.2. Multi-peak LED system 

We have also developed a plant lighting system that irradiated a 0.18 m2 area with a highly uniform distribution of photon 

flux density (PFD). The average photosynthetic PFD in the irradiated area was 365 micro-mol m-2 s-1 (cv 12.6%), which is 

appropriate for growing leafy vegetables. The irradiated light includes violet, blue, green, orange-red, red, and far-red 

wavelength bands created by LEDs of six types. The PFD and mixing ratio of the six wavelength-band lights are 

controllable using a computer and drive circuits. A highly uniform PFD distribution was achieved, although an 

intentionally distorted PFD gradient was also created. Some examples of plant responses under the LED illumination will 

be presented. 

____________________________________________________ 

Marco Cossu, PhD 

Doctor Cossu worked for six years as research fellow and research associate at the division of Agricultural Engineering of 

the Department of Agriculture of the University of Sassari. He is currently working at the Faculty of Life and 

Environmental Science of Shimane University (Japan) as post-doc research fellow funded by JSPS (Japan Society for the 

Promotion of Science). Doctor Cossu will conduct two seminars dealing with photovoltaic greenhouses and the research 

achievements of his past activities at the University of Sassari and the current researches at Shimane University. 

 

Seminar 1 

Title: An algorithm for the calculation of the solar radiation inside photovoltaic greenhouses 

The seminar will focus on the activities that doctor Cossu is conducting at the Shimane University in Japan. In particular, 

the seminar will introduce a new algorithm to calculate the direct and diffuse solar radiation inside photovoltaic 

greenhouses. Some examples of outputs of the algorithm will be presented, as well as the potential information useful for 

agronomic purposes inside the greenhouse. 

 

Seminar 2 

Title: The photovoltaic greenhouses in Sardinia 

The seminar will define the photovoltaic greenhouses, according to the current national and regional regulations and the 

premises that allowed their construction in Sardinia. The actual problems of the sector will be described, and also the 

possible solutions to increasing the agronomic sustainability of the photovoltaic greenhouse. Then, the studies carried on at 

University of Sassari in 2011-2013 will be presented, dealing with the microclimate assessment (especially in terms of solar 

radiation) inside a real photovoltaic greenhouse and the evaluation of the effects for the crop productivity. 

 


