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KASSIM: A model-based educational tool

Helps students understand complex processes such as

● Impact of screens on crop temperature

● Heating demand based on outside weather

● Transpiration effects under high humidity conditions

Using the KASPRO model as simulation engine, including

● Different covering materials and screens

● LED lighting, air treatment 

● Climate control similar to practise

Web-based user friendly app for all educational levels

Funded by LTO Glaskracht and the Dutch Ministery
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KAPRO as simulation engine

Simulate greenhouse climate, crop growth and energy 

consumption of greenhouses

In relation to the outside climate, equipment, cultivation, 

and climate controller settings.

Developed by Wageningen Research (De Zwart, 1996)

Build upon >25 years of research, technical

developments and practical experiments

3



KASSIM → how does it look
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KASSIM is a single web-page 
with on the left an input panel 
with weather conditions and 
greenhouse configuration.
On the right there is an image 
showing the greenhouse climate 
for the current settings



Greenhouse configuration and weather
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Among the input parameters are the geographical location and time, which 
determine the solar position, and the weather variables like temperature, 
humidity and cloudiness.
Also greenhouse parameters, such as covering material, leakage infiltration 
and heating system.
Based on the heating and ventilation setpoints, KASSIM calculates the 
required pipe temperatures and window openings
If evertything is set, a simulation is started with the UPDATE button



Simulation results
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Then the model will take a second to simulate until a steady stated situation is reached, which 
represents the greenhouse climate for the input conditions.
Users can inspect phenomena such as:

• Crop status → photosynthesis, transpiration and if possible condensation at leaves
• Ventilation → air exchange rate, exchange of sensible and latent heat and vapour and 

CO2
• Sensor data → PAR levels on leaf layers, net radiation, humidity

• Heating power needed to realize the heating setpoint
• Window openings for realizing the ventilation setpoint

Registered users like teachers can hide certain inputs and outputs to avoid complexity for lower 
levels of education.



Different crop types available - phalaenopsis
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Transpiration and photosynthesis based 
on research and calibrated with practical 
experiments



Up to 3 screens of different types
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Up to 3 screens with different types and with different screen gaps can be selected
▪ The model calculates air exchange through and along the screens, based on 

measurement protocols developed in cooperation with screen manufacturers
▪ The model uses also 

▪ The capillary driven moisture transport
▪ The transmittance for PAR and near infrared light
▪ The emission of long wave radiation

All properties are based on lab measurements which makes the simulation close to 
practise and recognizable by growers.



Illumination: traditional HPS

9



Illumination with LED
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Properties of screens and cover
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Screen

Cover

The output window shows also some question mark icons. 
These show the underlying properties of the selected 
screens and cover, which are mostly based on 
measurements of the Light laboratory of Wageningen 
Research, which is accredited for the NEN2675 norm for 
measuring greenhouse glass and screens.



“Range run” option
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Range run - Screen gap
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Screen 1 position

This enables users to investigate the sensitivity of input parameters 
to the greenhouse climate. Users can select a parameter from a list, 
choose a range and select up to 4 simulation outputs. Then a series 
of simulations will be carried out within this range, keeping all other 
input parameters the same

Here we see the relation between the screen gap, where the screens 
position goes from 90% to 100% closed, related to the the 
greenhouse temperature, heating power, effective U-value and crop 
transpiration. This case shows that a 10% gap increases the heat 
demand with 40%.

With this feature, relations between inputs and the resulting climate, 
energy consumption and crop response, can be identified very easily 
and gives great insight to students.



Low tech greenhouses
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Next to the standard Venlo glasshouse, 
KASSIM can also simulate a multi-tunnel 
plastic greenhouse with side wall 
ventilation. 
These have no screens or illumination, 
have limited control and have a single or 
double polyethylene cover. 
Of course, the corresponding geographical 
locations like Almeria, are available.



Vertical farm
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In the vertical farm option the 
greenhouse is replaced by a highly 
insulated enclosure and the 
growing medium by vertically 
stacked crop layers.  An air 
treatment unit controls 
temperature, humidity, and CO₂ 
level.  
The LED efficiency can be 
customized by changing the 
relative RGB values, affecting the 
energy efficiency and heat load.



Use cases –glass versus PE cover
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Now some use cases for students, 
starting with the difference 
between a glass and plastic cover.

Using single glass, the heat 
demand is almost 97 Watts per 
square meter under de given 
conditions.



Same conditions, PE → 18% more heating 
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Switching to polyethylene, the heat 
demand increases with 18% to 114 
Watts, due to the lower thermicity of 
PE



Clear sky → 37% more heating 
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When we do the same under a clear sky 
the difference is even bigger.
This is because of a lower sky 
temperature and increased radiative heat 
loss through the cover, which is more 
transparent for thermal radiation.



The effect of screens – no screen
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Another use case is the effect of 
screens. 
In this scenario, with a heating 
setpoint of 18 degrees, the heating 
power is 160 W/m2 without using 
screens.



One energy screen → 47% less heating
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- 47%

Using one fully closed 
energy screen reduces the 
heating power with 47%, 
while realizing the same 
greenhouse temperature



Two energy screens → 60% less heating

21

- 60%

Adding another fully closed energy 
screen saves 60% energy compared to 
using no screens.

Where the first screen saved 47%, the 
second screen saves 23% and this 
shows that every extra screen has less 
impact on energy saving.

Of course, closing screens raises 
humidity and we see that happen also.



Glastuinbo

info.kassim@wur.nl

More information about 
KASSIM and other apps 
can be found on the app 
portal of Wageningen 
Research Greenhouse 
horticulture. 


	Slide 1: KASSIM A versatile tool for education and research
	Slide 2: KASSIM: A model-based educational tool
	Slide 3: KAPRO as simulation engine
	Slide 4: KASSIM  how does it look
	Slide 5: Greenhouse configuration and weather
	Slide 6: Simulation results
	Slide 7: Different crop types available - phalaenopsis
	Slide 8: Up to 3 screens of different types
	Slide 9: Illumination: traditional HPS
	Slide 10: Illumination with LED
	Slide 11: Properties of screens and cover
	Slide 12: “Range run” option
	Slide 13: Range run - Screen gap
	Slide 14: Low tech greenhouses
	Slide 15: Vertical farm
	Slide 16: Use cases –glass versus PE cover
	Slide 17: Same conditions, PE  18% more heating 
	Slide 18: Clear sky  37% more heating 
	Slide 19: The effect of screens – no screen
	Slide 20: One energy screen  47% less heating
	Slide 21: Two energy screens  60% less heating
	Slide 22: Glastuinbo

