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Climate controlled greenhouses
In current greenhouse horticulture:

Market-oriented production
High production levels
High quality
Exact timeline of production

control of production environment needed
more conditioned greenhouses



Climate controlled greenhouses

increasing control of production factors 



Energy efficient greenhouses
Energy: 20-30% of production costs

Targets greenhouse sector in the Netherlands 2020:
-48% CO2 emission compared to 1990
new build greenhouses operate (almost) without fossil fuel

reduction of (fossil) energy consumption



Energy efficient greenhouses 

Steps:
Maximum use of solar energy

High light transmission of greenhouse (construction, 
covering, coatings, reduce screen use…)

Reduction of energy use

Efficient conversion of energy, heat 
storage and re-use

Efficient energy use: 
unit product per unit energy

Replace fossil by renewable energy

Geothermal



Energy efficient greenhouses 

Steps:
Maximum use of solar energy

Reduction of energy loss
Winter: minimize energy loss (double AR glass, low-e 
coating, thermal screens…)

Summer: efficient cooling (natural ventilation, fogging…)

Efficient conversion of energy, heat 
storage and re-use

Efficient energy use: 
unit product per unit energy

Replace fossil by renewable energy

Geothermal



Energy efficient greenhouses 

Steps:
Maximum use of solar energy

Reduction of energy use

Efficient conversion of energy, heat 
storage and re-use

Co-generation, efficient conversion of solar energy, 
heat exchanger, heat storage and re-use

Efficient energy use: 
unit product per unit energy

Replace fossil by renewable energy

Geothermal

goot aanvoer in kas



Energy efficient greenhouses 

Steps:
Maximum use of solar energy

Reduction of energy use

Efficient conversion of energy, heat 
storage and re-use

Efficient energy use: 
unit product per unit energy

Temperature integration, no lower heating, higher 
humidity, reduced transpiration, intelligent climate 
control, new crop limits…

Replace fossil by renewable energy

Geothermal



Energy efficient greenhouses 

Steps:
Maximum use of solar energy

Reduction of energy use

Efficient conversion of energy, heat 
storage and re-use

Efficient energy use: 
unit product per unit energy

Replace fossil by renewable energy

Biofuels, biogas, wood, solar cells, geothermal, 
wind….

GeothermalGeothermal



Maximum use of sun light

+9.7%+8.8%Autumn crop 
2008 Kg/m2

+9.2%+6.5%Spring crop 
2008 Kg/m2

reference
low haze

27%
high haze

74%

No light loss 3% less light

Diffuse light

Hemming et al.



Maximum use of sun light

More PAR by AR 
coating higher 
production
Spectrum changed UV 
and/of NIR
Cooling less under GG 
but energy 
consumption higher
Energy saving under 
double materials 
without light loss

More PAR

Less cooling

Modern coatings

Hemming et al.



Screens
Theoretical energy reduction >30%, practice: 20-25%
Main effects: higher humidity and less light

screening strategies
new materials

Reduction of energy loss



Reduction of energy loss

Close screen!

Don’t close screen!

De Zwart

benefit – costs [€/(ha h)]

temperature difference inside outside [oC]

Outside radiation



Reduction of energy loss

Venlow Energy Greenhouse
Double glass
Modern coatings: AR, low-ε
Extra low u-value, high energy 
saving potential
Light transmission ~ single glass
Together with new growing 
strategies 16-20m3 gas for 
tomato production?



Using summer surpluses in winter 
Efficient energy conversion, storage and re-use

De Zwart et al.

40 m³ gas/m² per year



Efficient energy conversion, storage and re-use
Fully closed greenhouse has serious heat excess  only a 
fraction of the greenhouse can be closed

Heat must be harvested at low temperatures large heat 
exchanging surfaces or considerable electricity consumption for 
driving ventilators

High value energy (electricity) instead of low value energy (gas)

Heat must be stored for half a year small ΔT results in large 
storage volumes (around 30 m³ of water per m² greenhouse) 
aquifer needed

Temperature will drop during storage heat pump needed

De Zwart et al.



Different devices

Central or de-central heat 
exchangers
Cooling from below or above
With or without additional ventilation
with outside air
Forced cooling or evaporative 
cooling

Semi-closed greenhouses



Semi-closed greenhouses



Semi-closed greenhouses



Climatic aspects

Which device is the best?
Which climate is realized?
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T boven   Etmaal: 20.4 °C
T midden Etmaal: 20.7 °C
T onder    Etmaal: 20.2 °CCampen et al.

Semi-closed greenhouses



Semi-closed greenhouses

Cooling from below creates a vertical gradient in temperature 
and humidity compared to natural ventilated greenhouse

If differences are too high 
lower fruit temperatures will result 
ripening time will increase 
increase of fruit load 
overall result: decrease of production 

Climate is inhomogeneous (horizontal and vertical) 
Air ducts increase energy consumption
Cooling from above with decentralized units is possible if fans 
distribute the air
Cost-benefit is depending on crop and installation

Campen et al.



Efficient energy use

Crop aspects

Higher energy efficiency by
Higher CO2 levels
Temperature integration
Higher humidity levels
(Higher light levels)



Efficient energy use – CO2

Increased CO2 concentrations higher yield

14.429.646.154.7CO2 supplied 
(kg/m2/y)

1100950730600CO2
concentration 
(ppm)

Closed 
greenhouse

Semi-closed 
(350 W/m2)

Semi-closed 
(150 W/m2)

Open 
greenhouse

Supply capacity: 230 kg CO2 ha-2 h-1

Quian, 2008



Efficient energy use - Temperature
Temperature = Main factor determining energy use (75-90%) 
Reduction of temperature set point by 2 °C
Temperature integration TI (24 h, 4 °C)

58.5
(- 1%)

43.3
(- 4%)

TI

57.0 
(- 3%)

38.3 
(- 16%)

Lower T

58.945.3Reference

Production 
(kg m-2 y-1)

Energy use 
(m3 m-2 y-1)

Elings et al., 2005Save heating energy



Efficient energy use - humidity
Air humidity = 10 - 25% of energy use 

Increase humidity set point
Decrease transpiration 
(here: 65% of reference)

Ventilation
Heating
Humidification

4 tomato crops
Less water uptake 
No effect on production (!)
X% reduction in energy use

Li & Stanghellini, 2004
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Efficient energy use - new growing concept tomato

high insulation (single glass + 2 screens)
transparent screen closed until 250 W/m2

energy screen closed when Toutside< 8oC

1oC lower heating temperature
Increased ventilation set point more CO2

Active cooling
Humidity set point ventilation > VPD 
1.5g/m3, air circulation
OCAP CO2

60 kg tomato with 26 m3 gas

De Gelder, 2009



Energie gebruik Tomaat
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Project : Het Nieuwe Telen
Energie onder de knie. 
Een richting gevend beeld realiseren. 

Uitvoering door :

Energy consumption

De Gelder et al., 2009



Productie tomaat
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De Gelder et al., 2009



Examples of energy saving 
greenhouse systems

Geothermal



Examples of greenhouse systems

Innovation and Demo Centrum IDC
Sunergy Greenhouse 
(Bom Kassenbouw, Wageningen UR)
FlowDeck Greenhouse
(Climeco Engineering, Maurice 
Kassenbouw, HAS Den Bosch)
SunWind Greenhouse 
(Thermotech, Gakon Kassenbouw)

Ca. 500m2 each greenhouse



Innovation and Demonstration Centre IDC

FlowdeckFlowdeck

SunergySunergy

ZonWindZonWind



The principles: reducing heat loss

Flowdeck ZonWind Sunergy

Double screenDouble layer PC + screen

Closing lamellas

Double glass with 
lamellas inside

Humidity control with 
outside air and circulation

Balanced ventilation
with heat regain



The principles: harvesting heat surplus

Flowdeck ZonWind Sunergy



The principles: heat storage

Flowdeck and SunergyZonWind: 65 °C insulated 
tank under greenhouse

Aquifer
8 °C              18 °C



The principles: heating

Flowdeck and SunergyZonWind:

Direct application of heat

Heat pump and 
Combined Heat 
and Power

Electricity from wind turbine
Grid
connection



IDC - Sunergy

First cucumber experiment
(5months):

> 50 kg/m2, almost no 
Botrytis, net use: 1.2 m3/m2

Tomato experiment:

76.2 kg, planting 16 dec. 
2008



Separation of solar radiation PAR -- NIR (selective film on roof)
Focusing of the NIR radiation (roof shape and movable arm)
Conversion of NIR into electrical  energy (photo voltaic cells)
Plant production & electricity generation (16-28 kWh/m2 per 
year)

PV NIR

PAR

Electricity producing greenhouse

Sonneveld et al., 2008



Fresnel lens greenhouse

Concentration of 
direct light

Photo voltaic 
cells produce 
electricity

(50-100kWh/m2

per year)

Electricity producing greenhouse



More conditioned greenhouses are the future
control production factors
high quality product, ready on demand

Reduce energy consumption is demanded in the future
make maximum use of sun light 
reduce energy losses
explore the limits of the crop
use renewable energy sources

Climate controlled and energy efficient 
greenhouses



Wageningen UR Greenhouse Horticulture
Innovations for and together with the 
greenhouse sector

© Wageningen UR
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