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Greenhouse transmittance is critical
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Effects of light intensity
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Greenhouse transparency is a key factor
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Importance of light scattering
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How we can increase light transmission
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Transmission of covering material
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Transmission losses by condensation
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Source: Dueck, 2011
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Source, Campen 2018

Some results from experiments
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Source, Campen 2018

Some results from experiments
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Effects of a PE film with high reflectance and absorption in near infrared 
radiation (NIR) and of a PE film with low transmittance in IR, on th

greenhouse microclimate, energy consumption and on growth and yield 
of a hydroponic tomato crop.

The NIR-PE film reflects 39% more than the C-PE and 33% more than 
the IR-PE film in the wavelengths range between 400 nm and 1100 
nm (total). The NIR-PE film has 13% lower transmissivity in total 
radiation band than the other two films. Finally, the NIR-PE film has 
57% higher absorbtivity than the C- PE film.
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Mean values of air temperature and vapour pressure deficit in the three tested 
greenhouses and ambient environment during March 2009 (NIR-PE: PE film high 

reflectance and absorption in NIR radiation, IR-PE: PE film with low transmittance in IR 
(IR-PE, PE: standard PE film, Out: ambient environment).

Net radiation losses were 35% less in the IR-PE covered greenhouse than in the
C-PE covered greenhouse. Based on the energy consumption for the winter
period observed in the experimental greenhouses, the mean daily energy
consumption calculated for a 1 ha greenhouse would be: 3620 MJ in the C-PE
greenhouse, 3270 MJ in the NIR-PE greenhouse and 3160 MJ in the IR-PE
greenhouse. This represents a total energy saving of about 12% when using
the NIR-PE or the IR-PE films compared to the C-PE film.
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Effects of Anti-Drip Polyethylene Covering Films on Microclimate and
Crop Production

A standard polyethylene (PE) film covered one of the three
greenhouses (C-PE).
The other two greenhouses were covered:
 the first by a PE film with anti-drip (AD) and anti-fog (AF)

properties (AD+AF-PE) and
 the second one by a PE film with AD properties (AD-PE). The



Mean values of plants’ total dry matter (g m-2).
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The air vapor pressure deficit (VPD) inside the AD+AF-PE covered greenhouse
was very low, reaching values near 0 kPa for many hours during the night
during winter period, while VPD levels were higher in the C-PE and AD-PE
covered greenhouses and during spring experimental period for all three
greenhouses
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Source: Leonardi et al. 2004, Acta Hort. 659
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Source: Leonardi et al. 2004, Acta Hort. 659
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Source: Leonardi et al. 2004, Acta Hort. 659

Unit leaf area (cm2) and specific leaf area (cm2 g-1) [data concerning the leaves comprised between the 
3rd and 4th truss]. (in this and in the following table vertical bars represent standard error).
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Setting – ripening interval (day) of third fruit of different trusses



Temp 2007-09-16 00:00:00 - 2007-09-17 00:00:00
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Cucumber with 100 sensors at 1.5 m height, grid:10 x 24m2, 1 hourly average

Sapounas et al. 2011

Climate heterogeneity
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No climatological 
variables are 

homogeneous in a 
greenhouse



Why CFD modelling in horticulture?
Experiments
 Allows accurate 

measurements
 No need for modelling 

assumptions 

Demands for
Lab Expensive 
equipment
or
Time

Has to cope with
 Climate conditions
 Different structures 

and equipment 
designs
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WD Roll –up type vents Sliding door type vents

Roof only Side & Roof

CFD models – improving natural ventilation systems

Air temperature distribution for different vent openings



CFD models – Improve the uniformity of evaporative cooling 

Kittas Λεχαινα 18. 01. 2013/Strmtrcs.avi
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Modelling greenhouse systems / Fan & pad cooling

Temperature contours in an evaporative cooled greenhouse with 2 different 
flow rates (Bartzanas et al., 2012.)

Flow rate 30 m3 / h

Flow rate 35 m3 / h
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The cover is a solid 
zone composed by 
4 rows of cells 
where the 
conduction 
thermal equation 
is being solved.

A mixed heat transfer boundary condition (combination of radiation and convection) 
is applied at the external boundary of the solid region. The same boundary condition 
is imposed at the internal margin where the solid and the fluid zones are coupled, 
restoring a conjugated heat transfer treatment at the specific area 

Radiation modelling
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Temperature distributions for different inclinations of the incident solar radiation (a-e) and
with no radiation effect (f): a) 30, b) 60, c) 90, d) 120, e) 150 degrees and f) No radiation model
applied



Temperature distributions inside the greenhouse for the six different types of the covering
materials (a-f) a) material 1 b) material 2 c) material 3 d) material 4 e) material 5 f) material 6
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Radiation temperature distributions for 
different inclinations of the incident solar 

radiation (a-e) a) 30, b) 60, c) 90, d) 120 and e) 
150 degrees.



Radiation temperature distributions in the interior of the greenhouse for the six different types
of covering materials (a-f) a) material 1 b) material 2 c) material 3 d) material 4 e) material 5 f)
material 6
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PAR distributions for different
inclinations of the incident solar
radiation (a–e) (a) 60, (b) 30, (c)
0, (d) 30 and (e) 60 (Baxevanou
et al., 2010).
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Examined geometry during winter (units are given in m).
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Materials’ thermal properties.
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Parametric study
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Material’s optical properties
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Material’s optical properties
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Measured and theoretical solar radiation incident on horizontal surface: (a) for September and (b) for June.
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Simulated and measured PAR for: (a) the September day and (b) the June day. Notation: blue solid line for point P1 
from CFD, red solid line for point P2 from CFD, green solid line for point P3 from CFD, blue rhombus for point P1 from 

measurements, red square for point P2 from measurements and green triangle for point P3 from measurements
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PAR radiation isocontours inside the greenhouse with TPE cover material at 13:00 of the 21st of June



PAR radiation isocontours inside the greenhouse at 15:00 of the 6th of August



Streamlines inside the greenhouse at 15:00 of the 6th of August [kg/s].



Average available PAR evolution during the examined solar day at plant level.



Average available PAR evolution during the examined solar day at plant level.
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Average temperature evolution in the greenhouse interior during the examined solar day
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Temperature for 24 h simulation at 6th of February for EVA cover.
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Average air velocity evolution during the examined solar day at plant level.



PAR radiation at plants base level at the 21st of June.



Modelling greenhouse systems / Solar radiation

PAR distributions for different inclinations 
of the incident solar radiation (a–e) (a) 60, 
(b) 30, (c) 0, (d) 30 and (e) 60 (Baxevanou 

et al., 2010).
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Use of photo selective covering materials

UV-absorbing cover materials started to spread recently after the observation 
that in greenhouses covered with those films, a reduction of insect 

populations and fungi diseases was obtained.

Covering materials
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Covering materials with UV-absorbent  (< 380 nm)  can 

significantly reduce insects population

Hypericum calycinum , Thomas Eisner Cornell University

UV Covering materials
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Number of thrips per sticky trap in greenhouses covered with plastics 
that blocked the entrance of UV light





Anti drop / fog covering materials

AD+AF AD
PE

8m

4,1m
2,9m

20m

50% reduction of needs for fungicide spraying
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T. Bartzanas, Recent trends and innovation on greenhouse crop production, July 17, 2018



Photography by Alex Garland



Amazon Spheres, Seattle, USA 

Photography by Alex Garland
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