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Requirements of greenhouse covering
materials in different climatic locations -
overview available materials and

Requirements

= Covering materials for horticultural applications:

(dis)advantages e High light transmission

e Optimum light spectrum
hop, 14 of er 2011, en o Optimum heat input - low heat losses
o Optimum condensation behaviour
e High mechanical resistance
e Low sensitivity to ageing (UV, temperatures, chemicals)
e Fabrication sizes
e Costs
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m Glass :/ m Plastic films
o Floatglass — Greenhouse glass

e PE-UV polyethylene with UV-stabilisation
o White glass — Low-iron, Crystal Clear, Optiwhite, Clear o PE-R polyethylene with IR-absorption
glass, Ultrawhite, Diamantglas...

o EVA ethylenvinylactetate
o AR glass — Coating or surface treatment, Sunarc AR glass, e ETFE ethenetetrafluourethene
Centrosol HiT, GroGlass AR...

Diff | face treatment with different struct = Plastic sheets
e Diffuse glass — surface treatment with different structures,
Vetrasol, V&V diffuus, Centrolsol Struktur, Prismatic, PMMA polymethylmethacrylate (double)
Velglass, Brisa... — «m m - PC polycarbonate (double)
PVC polyvinylacetate
GRP glass-reinforced polyester (fibre glass)
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" A extraterrestrial sunlight
B aher orone sbsarption
C afier molecular scattering
D afier serosol scatieting
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Figure 3.1 The spectrum of sunlight, progressively modified by various processes as it
penetrates the atmosphere
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Photosynthesis

CO, + water + light — sugar + O,

Lightreaction: rption of . .
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Darkreaction: energy is

transformed into sugar

Sugars are used for growth
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Light quantit Light quantity

Light transmission <<50% Light transmission >75%

Tropics The Netherlands
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Light quantit

Clouded sky

More light by...
= Advanced covering material
o White glass (+1-2%)
e Modern coatings on glass (+5-8%)
o New plastic films ETFE (+3%)
= Lighter greenhoues construction (<5%)
= Less installations (+1-5%)
= Roof angle (<1%)
= Greenhouse orientation
= Cleaning (up to 10%)

light tr ission

perpendicular _hemispherical
89-90% 82%
90-91% 83%
95-97% 89-90%
90-91% 76-82%
85-90% 78-82%
93% 86%
76-80% 60-70%
PMMA sheet 89-92% ca. 76%
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Measurement method Measurement method
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Measurements of daily PAR integral

in- and outside experimental greenhouses
with diffuse and clear covering

Apr.-Sep. 2006 in NL

Perpendicular and hemipherical light
transmission of diffuse and clear
covering
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Light intensity: plastic films

m Spectral transmission of glass with different "5
anti-reflection coatings from three different producers (SA, CS, GG)

= PAR transmission different materials

perpendicular  hemispherical
89.0% B0.9%

B9.4% 6.6%

¢ Increase of PAR by

085 . ] AR coating
Produces 1-3 PE-film + B2.0% 70.7% 9 ngher Crop
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Light t mission: modern coatings

. Basisglas 3 dubbel

Light diffusion

CentroSolar Basisglas 3+ AR dubbel
CentroSolar, Basisglas 4 + AR dubbel

CentroSolar, Basisglas 3
CentroSolar, Basisglas 3+ AR
CentroSolar, Basisglas 4
CentroSolar, Basisglas 4 + AR
CentroSolar, Basisglas 4 dubbel

o

]

QI Standaard winbouwglas, Basisglas 1
CentroSolar,

82.4% B9.3% 71.6% 82.2%|84.4% 91.1% 75.1% 86.0%)

BY.3% 54 2% B0.8% BO.7%| 91.0% 95 9% 84.0% 92.9%)

Light diffusion Light diffusion

Greenhouse covering materials are able to scatter light rays,
transforming direct light into diffuse light
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Background — light interception Background - photosynthesis

Light interception cucumber 23" of May 2006 | '.__' A Lightresponse cucumber on 77, &7, 107 of July 2008
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& diffuse, upper leaves - diffuse, middle leaves
cleas, upper leaves clear. middle leaves

Diffuse light: production increase Eigenschappen diffuus glas

Highlhaze ! : Structuur

Spring crop  Kg/m? +9.2% S — Basisglas
ALY Nr/m? +5.2% Coating
Autumn crop  Kg/m? +9.7% [
2008 Nr/m? +6.1%

Photosynthesis

_ = 400-700nm photosynthetic active radiation
: : : - : = Lightreceptors: chlorophyl, carotinoids
nght quallty = e Plants use theoretically all colours for photosynthesis

e Most plants use red light (=650nm) and blue light (= 450nm)
more efficiently

e Plants adapt to colours during growth




Photosynthesis

Sensitivity of
‘all’ plants
= PAR 400-700nm

Sensitivity of
human eye
= visible light 380-780nm
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Morphogenesis

= 300-800nm
= Specific lightreceptors for UVB, UVA, Blue and
Red:Farred
e Elongation
e Side shoots
e Leaf area and leaf thickness
o Flowering
o Colour of flowers and leaves
e Germination
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Light qualit

m UV-transparent films influence: 455

e Hardening of crops;

e Leaf and flower colour (lettuce “lollo rosso”, aubergines,
some flowers or flowering potplants);

e Compact growth (bedding plants, some potplants)
e Behaviour of insects (white fly, trips, louse, (bumble-) bee)
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Light quality — UV influence on insects

= Populatic

f insects on c/ry 7under different UV-transparant covers

after 6 weeks louse white fly trips
# mean s.d # mean s.d # mean  s.d.
Glas h 19320 244205 72132 341 365 50.2 303 2195 1181
1] 29521 412 136
PMMA B 17528 211635 hl4l4 48] 429.0 135 164 2010 h2.3
E 24799 an 238

PC C 11421 (13007.0 22429 173 (2420 ) 976 128 163.0 495
F 14593 3l 198

aves - indirect influence of UV (plant d source)

Many other influence factors:

e temperature / humidity / light
e sanitation

e plant vitality

glass

Light qualit

= UV transmission of different materials
PMMA

transmission (%]

—=— PE film with UV

—o—glass

—e— PE film traditional
PE film with UV-blok

e

/
o
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Heat losses
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Heat losses

= Thermicity:

e Unheated greenhouses:

e in cold, clear nights greenhouse inside temperature can fall
below outside temperature

o Heated greenhouses:

e Insulation effect, energy saving
o Especially night temperatures are higher
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Heat losses

= Transmission for infrared radiation (heat) is
depending on:

Material/Polymer

Thickness of material

Number of layers

Film surface dry — wet

IR absorbing pigments/coatings
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Comparison other materials

= FIR transmission different materials

thickness| FIR-transmission

4 mm 0%
200 pm 40-60%
PE film thermic 200 um 20-40%
EVA film 180 um 20-40%
ETFE film 100 pm 15-20%
PC double sheet 12 mm 0%
PMMA double sheet 16 mm 0%
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Heat losses

= Thermicity:

Low EVA-content
e PE-film are not thermic > Good mechanical

o Mineral fillers propertie

o EVA-Co-Polymer-film are thermic (,co-ex”)
e Extrusion of several polymer layers

High EVA-content
- Good thermal properties
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Comparison other materials

IR transmizsion

transmission [%]

0 1 23 46 6 7 8 0 10N 1213 141516 124819 20 21 22 23 24 25
wevelan gt
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Results - coverin

m Spectral transmission of glass with coatings (anti-reflection and low-
emission) for perpendicular global radiation (300-2500nm)

——GG double AR-AR-AR-AR
GG double AR-AR-LOWe-AR

500 700 900 1100 1300 1500 1700 1900 2100 2300 2500
wavelength [nm]
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Energy saving: coverings Results

u (Optical properties of different greenhouse glasses (GG) with antr-reflection u Year-round energy consumption, dry weight production and CO,
anayor low-emission coatings for perpendicular PAR (400-700nm) concentration under different greenhouse glasses calculated by KASPRO,
CO, use from boiller only and addiitional CO,use from an external source.

Transmision | Transmision Emission NE | kvalue

i isphei P reflection | material
Teaks TRARL B Bt | factor [] | [Wm7K"]
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ARARARAR 0534 0350 0850 851850 25 361 s st from boler [xe' 1]
ARAR-lowz AR 0572 0785 0.850.170.8510.85 237 Dry weight produstion [kg.mn]

dosage CO; [kg ]

C0; concentration 11:00-16 00 b [ppra]
gas use from boler [ ]
Dy weight produstion (kg ]
dosage CO, [kg ]

max. 18% 33%

25%

", SRR o T decreasing k-value

Condensation

= Condensation in the greenhouse:

o High humidity

Condensat|on : - o Difference between outside and inside air
behaVIOUI’ — = '_ : e On inside of film, water drops or water film
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Condensation

= Water drops or film:

e Reduction of light transmission up to 15%
e Damage of crops due to dripping off

o Anti-drop-additives reduce surface tension
o Durability of anti-drop-effect often max. 2 years
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Condensation behaviour AR glass
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Ageing

= Plastic materials are ageing due to several factors:

e UV-radiation

e Chemical influences
e Thermal influences

o Mechanical influences
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= Ageing due to UV-radiation:

o UV(B) destroys polymer

e UV-absorbers: used in PE-UV and EVA films [
o UV-stabilisizers: NI-Quencher or HALS

o UV-reflektionn: PVDF and ETFE films
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Ageing
Reduction of transmission due to material ageing

Material Reduction in light transmission Per year

PMMA max. 6% in 10 years 3%
PO max. 6% in 10 years 3%

PE and EVA  ca. 6% in 4-5 years 3%
ETFE 2-3% in 10 years 1.5%
Glass almost 0% 0%
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max. yeal
radiati

= Ageing due to UV-radiation:

o Lifetime of a film

o Depending on region, UV-intensity

o The Netherlands yearly 80 kLy —> 5 years film
e Spaini yearly 160 kLy —> 2,5 years film

1kLy =11,62 kW*h*m?2
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= Ageing due to chemicals:

e Use of pesticides
o Sulphus and chlorine destroy stabilizers (HALS)
o Better stabilizers are needed
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Ageing

= Solution:

= Make a good greenhouse design
= Fix and stretch films with special profiles

Summar

Wageningen UR Glastuinbouw
Innovations in Horticulture
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