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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 | il ot il
consumption of greenhouses el ’

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
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KASSIM - how does it look
- [ difference r3 - Solat w

Weather and location ~

Location Bleiswijk (The Netherlandv

Date and time (dd-mm-yyyy)  05.05-2025 n

12:12

Cloudiness Partly cloudy v

Global solar radiation 475 W/m?

Temperature 19.3 c

Humidity 493 %

Wind speed 0.2 m/s

Greenhouse v

Crop v Crop Air

3 < A 2

Setpoints

Screens

lllumination . ;

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

Air treatment
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nhouse configuration and weather

Among the input parameters are the geographical location and time, which
determine the solar position, and the weather variables like temperature,
Weather and location humidity and cloudiness.
_ | Weather and location Also greenhouse parameters, such as covering material, leakage infiltration
L°°a"°<"j e Slok and heating system.
TSR0 T Based on the heating and ventilation setpoints, KASSIM calculates the
Cloudiness Partl _ Greenhouse required pipe temperatures and window openings
Globial soles radiation 475 | Date and time (dd-mn _ If evertything is set, a simulation is started with the UPDATE button
Temperature 19.3 GFE'E'I'II'II:IUEE' ares SEIDGIF‘ITS
Humidity 493 )
_ Cloudiness - - Tr hem %
Wind speed 0.2 o Covering material Setpoint heating 18 "C
Global solar radiation .
AR coating Setpoint ventilationon T 21 “C R
G h
i i Temperature White wash reduction )
. Setpoint ventilation on RH 100 %
Crop Humidity Leakage infiltration etooint CO2 i
: etpoint 800 ppm c
Setpoints Wind speed Mumber of pipes perm| _ |
Min. vents lee side 0 % -
Pipe diameter _ o g/m®
Screens v Min. vents wind side 0 % i
Gr : z ppm
Greenhouse orientaticr y is lee sid
. 2 ax. vents lee side %
o C02 dosing capacity 100
Max. vents wind side 100 %
Air treatment Vv
Min. pipe temp. supply 0 °C
Max. pipe temp. supply a0 °C
P-band ventilation on T 5 °C
P-band ventilation on RH ] %
B Windward trail a0 %
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Simulation results

_ [ difference

Weather and location

Location

Date and time (dd-mm-yyyy)

Cloudiness

Global solar radiation
Temperature
Humidity

Wind speed

Greenhouse

Crop

Setpoints

Screens

lllumination

Air treatment

Bleiswijk (The Netherlandv
05-05-2025 ]
12:12

Partly cloudy v
475 W/m?

19 °C

50 %

3 m/s

U-value 0 w/m¥K

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
CO02
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.

Trhem |  79.2 9

Crop
5 254
308 a/mh
oot dry
Gross phot. 5.1 g/m*h

Netphot| 3.78 g/m*/h
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Air
5 245
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Different crop types available - phalaenopsis

Weather and location

Greenhouse

Setpoints

Screens

[llumination
Phalaenopsis
i °C

Air treatment

Mone
Tomato
Rose
Gerbera

Cucumber

Alstroemeria
Anthurium
Fresia
Lettuce

Ficus

Petunia
Sweetpepper

Global
Diffuse

Transpiration and photosynthesis based
on research and calibrated with practical
experiments

g/m?/h

g/m?/h
g/m?/h

& | C

[ %
VD g/m?
o> | g ppm




Up to 3 screens of different types

Weather and location

Location

[] difference

Bleiswijk (The Netherlandv

Date and time (dd-mm-yyyy)  05.05-2025 ()
06:-00
Cloudiness Clear v
Global solar radiation 10 W/m?
Cover
Temperature 1.2 " o 835 1
Humidity 829 " - 79.2 i
Wind speed 06 e Ak 0 s z z z ek :
Greenhouse g — - — : — -
Crop v Crop Air
254 ¢ 245 c
Setpoints v 308 g/m*/h PAR 694 umol/m?/s TTPAR 757 % An .
ZE— - . dry Up to 3 screens with different types and with different screen gaps can be selected
Gross phot. 5.1 g/m*/h = The model calculates air exchange through and along the screens, based on

Screen 1 Blackout: white top black v Netphot. 3.78 @/m¥h : measurement protocols developed in cooperation with screen manufacturers

Position 98 :  26.3 The model uses also
Screen 2 Thermal: T=73% clear sol v 25.1 = The capillary driven moisture transport

Position 95 247 » The transmittance for PAR and near infrared light
Sereen 3 Shade: T=25% diffuse solv * = The emission of long wave radiation

.Posmon 75 2 All properties are based on lab measurements which makes the simulation close to
Bpecdn Same 4 practise and recognizable by growers.
lllumination v

Air treatment
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Illumination:

(] difference

Weather and location v

Greenhouse v

Crop v

Setpoints v

Screens ™,

lllumination A

Top lighting HPS V.
intensity 200 umol/m?/s

Inter lighting None V.
intensity 100 umol/md/s

Air treatment v

traditional HPS

Crop
20 ¢
54 g/m*h
S dry
Gross phot. 2.3 a/m?h
Net phot. 1.65 a/m*h

51.6 a/m¥h

©)

PAR 202 umol/mé/s - 33w Tr PAR 60 %
™ fe ™ - ™ .
e -~ 3 <~ VD
\:\‘i.‘.,:"Q 'f\‘,. wm i, < L ’/ o w¥ 3 ~.
W STl s e SNl P sbanad ;
anl W APV é »ggplg.vmrl. Al ) AV
'\\g,, \ N\ A AN N WS TR ALy
ATV St AN APV It AN APV et I\
re iV o g N -~ - - of 1l
20 ."{\ ’;“ (A /t\\}‘(;"{\ Skl 34 F 4 ‘.\;"‘,‘;‘4\ »_'" ra
£ a8y -~ 24 BT Y o A4 50T ey o
199811 % IR IR
19.9 '
- & . @ ®
Qii ® °=§
A : A /"
N X \ /
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[Hlumination with LED

[] difference

Weather and location v
Greenhouse v
Crop v
Setpoints v
Screens v U-value 0.2 wm3K 51.6 o/mh
lllumination A
Top lighting LED v . 7 A @
ntensity 200 umol/m?/s Crop Air
Inter lighting None v 20 “c 19.8 ¢
Intensity 1 ol/m?/s
00 umol/m 54 o/m¥h PAR 202 umol/m/s - 33w Tr PAR 60 % 94 %
P ,‘ > e e ¢
K d K iy KA #r A VD 1.1 gm®
Air treatment v ry <N ‘““, N ’,
Gross phot. 2.3 g/m?h ‘4‘ > e ‘_'i* ’;‘{‘.}-‘ {‘ \, Qmp ) layers 800 ppm
N\ sy N A (- . N\ A
Netphot.  1.65 g/m?h IO R (,\ Wi f‘” ¥
20::;\\p:ﬂ'r« y‘(‘, \p"f*
4 Ry - ,4 r/ ...
199411 % R
19.9
: : & @&
¥ |
\ / \/
| Pipes \
20.5 ¢
- 2057
poweredby WAGENINGEN (’
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Properties of screens and 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.

Direct 14

PAR 917 umol/m¥/s

~ Cover
Tr dir 83.3 %

@~ Coverhem 79.2%

4.7 g/

| Applies to stucture and glass
_..@ Screen Tr PAR nommal: 86%
: Tr NIR normal: 81% [P—
| VT normat 9% : : : : : Tr PAR diffuse: 79%

~ TrPARdiffuse: 25% | @ & a ' — The'rm‘lc.ny.: 0% =
Thermicity: 25% Em'§3|mY- 0.89
Emissivity: 0.20 Multilayer: NO
Diffuse: YES Diffuse: NO
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“"Range run” option

Weather and location

Location Bleiswijk (The Netherland v

Date and time (dd-mm-yyyy) 01-06-2018 B
00:00
Use meteo data ]
Cloudiness Clear
Global solar radiation 0 Wim?®
Temperature 5 "G
Humidity 50 %
Wind speed 3 m/s @
Crop v . %
Crop
Setpoints hd A °C

WAGENINGEN

UNIVERSITY & RESEARCH




Range run - Screen gap

input (x) Select a range [%] outputs
M f A oA - 90 100 -
Positic 5crgen 1 p05|tion ._. 4 selected
Temperature greenhouse air Heating power

g
) 2 This enables users to investigate the sensitivity of input parameters
<] (=] A .
= £ to the greenhouse climate. Users can select a parameter from a list,
g T choose a range and select up to 4 simulation outputs. Then a series
8 of simulations will be carried out within this range, keeping all other
input parameters the same
Position [%] Position [%] 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

Effective U-value greenhouse (only when heated) Total transpiration 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.

Effective U-value greenhouse (only when
bt mmd TLAT Fpmm? #1051
Total transpiration crop [g/m2/h]

Position [%] Position [%]




Low tech greenhouses

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.

I 8475 Of course, the corresponding geographical
Trhem| 79.2 % locations like Almeria, are available.

Cover

Crop Air
i 264 Tr PAR 78 % PAR 1244 umol/m¥/s i 463 W i 258 ¢
571 g/m¥h ' ' 5[ 79
Latent| 388.7 w/m? 2 384 ppm
Gross phot. 5.8 g/m/h Enthalpy 68 kJ/kg

Net phot. 4.3 g/mi/h

poweredby WAGENINGEN universiTy & rEssanl



Vertical farm

- [] difference e
Weather A
Location The Netherlands v .
Cloudiness Cloudy v Nindoor air _EMQYMM
Date and time (dd-mm-yyyy)  20-06-2025 (] FEaw _ , 2 T - Y e s
2006 S tow - memem SEPAR 200 movm/e 18.2¢ B 1810 Re-heat 103 W/m?
Global solar radiation 573 W/ ¢ -0.1 wm 229 g/m?/h L] 86 % ——
Temperature 20.1 ¢ 0 g/m¥h Gross phot. 7.3 g/m*h 13.4 gm? compfessor 1 07 W/m?
Humidity 60 % Netphot.  5.32 g/m?/h 799 ppm R '
Wind speed 13 e lllumination 2071 wm?
Crop B I I I, Elec. total 332 Wm?
CO02 supply
Farm v | [ —
= Misting =
HVAC fperiayer) v | cpr i qpamara| T ——) 0 uimee
(D 0 wm?
e SRR -
In the vertical farm option the =
greenhouse is replaced by a highly | ([ ) WP A N o | - {:} 325 wim?
insulated enclosure and the = ﬁ p
growing medium by vertically Al reatment unit {=
stacked crop layers. An air —— EER—— Partalload| 100K ) s
g S & 4 N ) 4 A “ < 19 : . R T
treatment unit controls - Waterregain 229 | e
temperature, humidity, and CO2 pr— e ——— | —
level. = - —| | —
The LED efficiency can be ([P e ) N U ST S ) - — | —
customized by changing the = ! = = —| | —
relative RGB values, affecting the - T 1

energy efficiency and heat load. poweredby WAGENINGE N unversity & REsEARCH
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Use cases —glass versus PE cover

| [ difference

Weather and location ~

Date and time (dd-mm-yyyy)  01-06-2018 (m] 0 umol/mé/s

00:00
Cloudiness Partly cloudy v
Global solar radiation 0 W/m?
Temperature 10 °C
Humidity 40
Wind speed 4 m/s .

U-value 10.9 w/m¥K 23.9 g/mh

Greenhouse A

Covering material

Single glass
1.2 m

Leakage infiltration

Air
Setpoint ‘ 18 -c
etpoints 3 27 w =
7 o Tk A T o -
Screens ’,‘,;‘Z;\;z'_‘ .;1:“‘7 o e X nr s e ?;\;:f-/ '3’ VD 3.2 g/m
6{‘ 'c"‘-’,',. ‘1« ’;i-,';},: p ﬂ’"-',', ‘r\ ir.,’;}_; p X n"‘-{r P ’;“.;‘,'}_\ - 796 ppm
llumination Now some use cases for students, DR ORI TR
. - - o 3L L LS g8 A ) LT T ' g At 2] g\
starting with the difference /'\\\y,ﬂ:.—‘;\ igid A\-?;-;.{;\ R SAGTR HIK
; NS N % 2T 28RN %
Air treatment between a glass and plastic cover. Pl nv: ) Pt NER Pt 4 At %

Using single glass, the heat ® ! . E;
demand is almost 97 Watts per / 66 C
square meter under de given

conditions. d_?_ i | 853.7°C |

poweredby WAGENINGEN Q) 96.7 W/m?
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Same conditions, PE 2 18% more heating

[] difference

Weather and location A
Date and time (dd-mm-yyyy)  01-06-2018 | 0 umol/m¥/s
00:00
Cloudiness Partly cloudy v
Global solar radiation 0 W/m?
Temperature 10 °C
Humidity 40
Wind speed 4 m/s
U-value 13 wmiK 17.4 gmh
Greenhouse A

Covering material

Leakage infiltration

Crop Air
s , 17.4 ¢ , 18 °c
etpoints v i :
f 28 g/mé/h - 56 w 81 %
f“‘:"- e i ‘e .o e
% R K N0 i< ~ N K A VD 7 ¥
Screens v dry A _:;_",,). Aste _:\.\’,,). e\ ! 2.9 g/m
Gross phot. 0 g/m*/h }“ 47 ‘2‘ ';"{,’I-,; ‘;‘ Visa N ’;"1;.‘;_: 2 Viea s ':1;;),\ - 796 ppm
N SN ALy N WS PR\ A N TN ALy
[llumination v Netphot. -0.12 g/m/h "f_!‘ Q;;‘ I ."L,::!_!.\.‘J Q\ ‘1':','::!:'{% I
e y - by - - ’ ' .
I.S‘\‘,'(p"\h"r« s’ _;‘("'f--’,’\»“b« 3. N ;,‘;,'\’ ~
< A‘; /"f‘ —‘: £4 &";" v~ ;‘ilﬁﬂ -
Air treatment v i 79

Switching to polyethylene, the heat =
demand increases with 18% to 114 Ul m 58.6 °C B
Watts, due to the lower thermicity of
PE




Clear sky = 37% more heating

- [] difference

Weather and location A
Date and time (dd-mm-yyyy)  01-06-2018 (]
Cloudiness v
Global solar radiation
Temperature
Humidity
wind speed 4 m/s
U-value 15.1 wimiK 18.5 o/mh
Greenhouse A
Covering material Foil v ” . L
Leakage infiltration 1.2 m?/m?/h @
Crop Air
Setpoint 17.2 ¢ . 18 ¢
etpoints v
i 29 gimth i 72r 80 =
— Tk A Tk ol ik o s
Screens v dry Rgte R it :\&“/6‘ Aidte _;‘;ff'/ - VD 3.1 g/m
Gross phot. 0 g/m?h TV _"; ';“-{,'-.-‘ DWWz R ';'-.',,J--* Vs 4 ';"-.',.',.: y 796 ppm
. : ! ~ \’ _‘.’.;‘i" X A l.' ﬁﬂ\’ ﬁ;.."?“ = I' ” ‘,1'.,.--‘?“ - I'
lllumination v Netphot. -0.12 g/m*/h AR Senl I o AR Sl I AR F‘-.,l,)\
- - - 3 1) <, G5V
Air treatment
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

i [] difference

Weather and location

Date and time (dd-mm-yyyy) 01-01-2018

01:12

Cloudiness Clear
Global solar radiation 0 W/m?
Temperature 5 *C
Humidity 50
Wind speed 5 m/s
Greenhouse
Covering material Single glass
Leakage infiltration 1.2 m/m?/h
Setpoints
Screens
Screen 1 None

Position 100
Screen 2 None

Position 100
Screen 3 None

Position 100
Direction Same
[llumination

Air treatment

Ufvalue 10.9 w/m¥/

Crop
17.4 ¢
50 g/m*h
I dry
Gross phot. 0 g/m*h

Netphot. -(0.12 go/m¥h

poweredby WAGENINGEN

= — dry
- _— dry
Air
18 ¢
71 %
. w  46agm
X
P 800
ﬁ‘ ". A’l\ i
S
»

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

Weather and location
Date and time (dd-mm-yyyy)

Cloudiness

Global solar radiation
Temperature
Humidity

Wind speed
Greenhouse
Covering material

Leakage infiltration

Setpoints

Screens

Screen 1
Position

Screen 2
Position

Screen 3

Position

Direction

[llumination

Air treatment

: [] difference

01-01-2018
01:12

Clear
0

5 °C

50

Single glass

1.2 m/

Thermal: T=73% clear sol v

100

None
100

None
100

Same

5 m/s

m3/h

value 6.3 W/m?/

Crop
17.8 ¢
25 a/m?h
p, dry
Gross phot. 0 a/m¥h
Netphot. -0.12 g/m¥/h

K¥ 40 R VvD
e ™ »
S A
4\ Wie = F,y‘_‘l“-
L7 & » =
Y Alaly

Pipes

61.3

poweredby WAGENINGEN

= 505
Q 85.1 wm:) = 470/0

13.9f¢———= wet
= 7— dry

Using one fully closed
energy screen reduces the
heating power with 47%,

while realizing the same
greenhouse temperature




Two energy screens = 60% less heating

i [] difference
Weather and location A
Date and time (dd-mm-yyyy) 01-01-2018 (m|
01:12
Cloudiness Clear v
Global solar radiation 0 W/m?
Temperature 5 °C
Humidity 50
Wind speed 5 =
Greenhouse A
Covering material Single glass v
Leakage infiltration 1.2 mfm/h
Crop
Setodin 17.8 ¢
n v
etpoints 21
Screens ~ T dry
Gross phot. 0 a/m¥h .
Screen 1 Thermal: T=73% clear sol v Neret] 0,12 i Add|ng another fU”y Closed energy
Position 100 - : e p : x screen saves 60% energy compared to
Screen 2 Thermal: T=73% clear sol v : , ¥ ?*.\\n %y - USing Nno screens.
Position 100 o™ 3 - '_ e
SU;Z::@” 1N0C:]"e " i - - . ] Where the first screen saved 47%, the
T S ' G ‘ second screen saves 23% and this
shows that every extra screen has less
iifsibiation N impact on energy saving.
A irestmert > Of course, closing screens raises
humidity and we see that happen also.
poweredby WAGENINGEN




. . " WAGENINGEN
Wageningen Research Greenhouse Horticulture apps portal ( N ) ( En ) a—r—y e
s ™ . ]
Waterstromenmodel (WSM) With the Waterstreams model (WSM), the water usage from various sources,
) . discharge of nitrogen and phosphates can be calculated for a hydroponic cu
E: To the app :ZI simulates the discharge, the investments required to reduce effluent and emi
' ' emission regulations. It also provides insights into the impact of the quality ¢
-
' ‘ water, and the expansion of storage tanks. The W5M was developed for gree
funded by the 'Kennis op Maat’ program and the Foundation for Applied Wa
} N.b. registration offers the option to save scenarios and is only available for Dt
Click for more information
. J
( , A More information about
The rec to tec
Greenhouse Energy Guide !
s KASSIM and other apps f thes
A To the app ) grower al gree
- can be found on the app _
comme pmen
S portal of Wageningen ards
The G and fir
7 I\ | Research Greenhouse !
Clubo ] nis on
"} 22 horticulture.
. J
s ™
Kassim Kassim is an interactive learning tool that provides a clear overview of the en
) . horticultural greenhouse. A powerful simulation model, developed for scientific resg
E: High tech compex :ZI calculates all relevant variables based on the weather, greenhouse climate settings 4 3 f k 1 m @ I
Hioh tech basi to the principles of 'Het Nieuwe Telen'. I n O . a S S I W u r' n
| |
gh tech basis ! Kassim has been developed for green education and the greenhouse horticulture sg
{J Low tech :j MNederland, and the Ministries of Economic Affairs and Agriculture, Nature and Food
> . N.b. registration offers the additional option of customizing the complexity and is only available for teachers working_in Dutch
education. Processing a registration can take some days.
Apply for an account Click for more information
\

( Kassim The Game

Kassim the Game is an online serious game in the field of energy-efficient and cost-effective cultivation of crops in greenhouses.
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