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Developments in Passive Greenhouses

Night time climate in Passive Greenhouses
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At night FIR exchange controls the passive greenhouse climate

Clear skies (T exterior 10 2 C, T sky-10 ¢C)

Internal screens in passive greenhouses

Map of night time temperature Polyethylene thermal screen
T SCREENED = 3.13 + T SKY*0.26 + SHF * 0.10

T UNSCREENED = 2.41 + T SKY*0.16 + SHF * 0.14
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External screens

Montero et al., 2013

Radiative cover properties and greenhouse temperature
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Radiative cover properties and greenhouse Relative humidity
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Closed and semi-closed greenhouses

State of the art reviewed by Vadiee, and Martin(2012).
Energy saving up to 30% and increase in yield of 20% (Marcelis et al., 2009)

Important increase in water use efficiency (Katsoulas et al. (2015)
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Closed and Semi-closed greenhouses

Operational scheme in cold periods.
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Heat released from the storage to the

Baeza et al, 2012

New plastic greenhouses can solve condensation
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Condensation on fruits in semi-closed unheated greenhouses
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Passive methods: water sleeves
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Ntinas et al., 2015: 10.8% higher marketable yield, 18.4 % more antioxidant capacity

Preheating water sleeves, 300 K

Greenhouse air temperature, K
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Conclusions: Passive greenhouses

* Day time: application of existing knowledge on ventilation
and light transmission

* Night time: Integration of solutions (screening, semi-closed
greenhouse, water sleeves, use of waste/solar heat)

* Specific climate controllers for passive greenhouses are
needed, particularly concerning humidity control.

Active greenhouses

® Most common type of greenhouses in regions with cold
winter climate.

® Highly technical, aim is to achieve optimal microclimate
during the whole cycle to maximize yield and quality.

® This is achieved at the expense of high fossil energy
input and labour intensive cultivation

® Therefore much of the research and innovation for active
greenhouses is focussed on:

e Energy saving
e Automation and robotization.

WAGENINGEN
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Strategies for fossil energy saving

1. MAXIMIZING USE OF SUNLIGHT.

Group of crops  Crop Yield reduction  Remarks
at 1% less Light
oilgrown Lettuce 0.8% Equal effects on fresh and dry
vegetables weight

Radish 1% Effects on tuber stronger than
on shoot. Shoot/tuber ratio
increases at low light

Fruit vegetables  Cucumber Dry-matter percentage of fruir
decreased at low light, Effect of
light on fruit fresh weight is
smaller than on fruit dry weight

Tomato .7-1% Effect on fruit fresh weight
stronger than on plant dry
weight

Light affects number of shoots
as well as shoot weight. Effects
in summer smaller than in
winter

Sweel pepper
Cut flowers Rose

Chrysanthemum

WAGENINGEN
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New prototype of glasshouse with optimum
light transmission: the “Winterlight
greenhouse”
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2. MINIMIZING HEAT LOSSES

New glasshouse concepts have been developed with double roof covers to

minimize radiative and convective heat losses while maintaining excellent
optical properties.

Hemming et al. 2012
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Praksijk 2012

Venlow 16.3

Commercial 31.2
grower

The lower use of energy for heating is at the expense of more electricity use for
mechanical dehumidification and use of CO, from other sources other than from
the combustion gases from the boiler.

———venlow 2012
=== Verlow 2011 The Venlow concept
——coz2Ic 2012 has already been
upgraded to a
tomato commercial
grower in The
Netherlands (1 ha)
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Heat consumption (m3/m?2)

Electricity consumption AHU ® (kWh/m?)

Heat consumption standard practice
(m3/m?2)

Heat consumption RZ practice (m3/m?)

Saving 2SaveEnergy compared with standard practice
(m?/m2)

CO, purchase (kg/m?2)
Final yield of 67 kg/m?

WAGENINGEN [NIEH

For quality of life

Cultivation 2015 27/01 to
18/11
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3. THE NEXT GENERATION OF CULTIVATION TECHNIQUES
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3. THE NEXT GENERATION OF CULTIVATION TECHNIQUES

How to reduce losses

5

The humid and warm air is pushed
through the screen and through
small window openings

Crop is dried at the most vulnerable
parts with dry outside air
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Air exchange from above the screen

® Vents can be opened to reduce dew point temp. cover
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Conclusions Active greenhouses.

» Active research is under way, mainly combining higher light
transmission and energy saving.

Multiple screens are being installed in new greenhouse
prototypes as well as commercial greenhouses for
additional energy saving.

« Temperature integration depending on available solar
radiation; higher humidity set points and mechanical
dehumidification are part of the Next Generation Cultivation
Concept
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