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Figure 7.4-1 Device to inject and distribute fresh air under a screen
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Principle 1 . Principle 2 Principle 3 Principle 4 Principle 5
Repair unwanted Screen strategy Greenhouse design Heating system Ventilation strategy
openings design & control

—

Figure 8.8.1-1

Seal all openings in
facades and rooftop,
fix broken panes and
cracks in insulation,
do not leave doors
open, prevent leaks
around screens at
side walls, et cetera.
Check also for local

wet spots and water
leakage.

—

Figure 4.8.2-2

Prevent cold air
dropping through
gaps in the screen. If

. gaps are inevitable,

- ensure that there

- is no significant

' temperature

| difference between

. below and above the

i screen.

Figure 8.8.4-4

Slopes in the
greenhouse cover,
plant gutters, and soil
can cause horizontal
airflows. Prevent
these airflows by
compartmentation by
using vertical seals.

Figure 8-1

Ensure the

heating system
distributes energy
homogeneously.
Separately
controllable side wall
heating prevents
unwanted hot or cold
zones.

e ————————

Figure 8.8.3-1

Ventilating on
both the leeside
and windside can
give a more even
distribution of
temperature and
humidity.
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2. B E B 5

Principle 1
Process

%lll

4RI

Principle 2
Effects on the crop

Principle 3

emission

iﬁp F

Figure 3.4.3-1

Heat emission from

. crop depends on roof

' temperature:
- ¢ Cloudiness

v’ Temperature
outside

v Windspeed

v Precipitation

Flgure 3.43.1-1

v/ Evaporation
¢ Root pressure
- ¢ Calcium transport
| ¢ Assimilates
transport
v Cell elongation
v Condensation
v Plant health

Fugure48 2.1- 1

Effect of partial
screening:

no influence on tem-
perature or humidity
Note that partial
screening is only advi-
sed when temperature
difference between
inside / outside is
small.

| Principle 4
Screening against heat |

Monitoring heat

emission

Principle 5
Monitoring energy
balance of the plant

|
l
|
i

Figure 3.4.3-1

Pyrgeometer = heat
emission of the

- glasshouse roof
' Net radiation =

irradiation + heat
emission at crop
level

Figure 11.8-1

Monitoring the effect
of net radiation on
the crop by a ther-
mographic camera
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| night starts at the in-

T ——————————————————

put side by avoiding
unnecessary evapo-
ration.

& FRF RS
7}(,4,\.1'@"5"
5 LR WA

3 % B A

re balance by the
trend of the absolute
humidity (AH) in the
greenhouse.

' screen, above the

Principle 1 Principle 2 Principle 3 Principle 4 - Principle 5 f
Avoid unnecessary Monitor the AH Monitor the AH Control through Control via ?
input trend differences ventilation condensation
PIES

j : il

| Figure 4.5.0-1 Figure 4.5.0-4 Figure 4.3.4-0 . Figure 4.3.6-1 | Figure 4.3.5-1B

| Creating balance at Monitor the moistu- | Monitor AH at three The outlet of | The outlet of moistu- |

re by condensation
depends on the
difference between
dew point tempera-
ture of the air and

moisture by ventila-
tion depends on the
difference between
absolute humidity
(A AH) inside and

points: below the

screen and outdoors
to assess the oppor-
tunities for moisture

transfer. outside. the temperature '
of the greenhouse
coverage.
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[

|

introduction ” Moisture discharge 'L Moisture transport H Energy consumption H Energy screens H Ventilation rate ‘

Moisture control by injection of outdoor air.

Fr2h 3§ KPR

4 — Qutside
- v
+ ]‘

| ~ inside =2 Fy\
Temp f:"__'*:ic:: [15 e Temp c::%:: 20 - e
; w — " ———
Absolute Humidity AH 9.04 g’kg Absolute Humidity AH 12.47 g’kg
— Injection fan — Moisture exhaust
Flow G 15 | m3/m=.hour Moisture exhaust 20.4 g/m-.hour

b 5

/,m g 5 —-r

5 x (12.47 — 9.04) x 1.19 kg/m? = 20.4
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“igure 4.5-4 Absolute Humidity during the day

m.i KixT i v B8 AHg, R E R

s G owc Moisture balance of the greenhouse {} B 5m Feb 13,2017 - Feb 14, 2017~
20 AHGH S 80(
: ‘//’//\/\ﬁ o
Radiation
0 b
M — Nar Fax M
M — @abs = 1 3
L8 |

Ei AHmﬁg Ly #HRHR ZHDE £ 3 & > % AHT 12 &
ZooRim T frerpk gy o

) 4% AHE 2 output (#:78) > Input (K i Z %)

1 4% AH#E 42 Output < Input

D 4e 3 AHAE 2 4 2 3 R > T = Output =Input
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e 4 ke 1 4 T =% RTR -

Principle 1
Maximizing assimi-
lates production with
PAR, CO: and RH

Pnncnple 2
Optimize LUE by low
sink size

- AARR

Pnncnple 3
Monitoring RTR
(Ratio of Temperatu-
re to Radiation) on a
daily basis

Principle 4
Monitoring light sum
and plant load year-
round

' ’.—/ '.‘ ‘{’
~ @

Figure 3.6.3-4

For maximum
growth, focus on

the production side.
With increasing
radiation, ventilati-
on strategy is more
based on humidity
and CO: than on low
temperature.

- Figure 3.6.7-1 i

- alow plant load (sink

| created by a low ven-

For maximum light
use efficiency (LUE),
consumption of
assimilates maintain

size), so balance is

tilation rate resulting
in high COz, humidity
and temperature

Figure 6.8.2-1

Balance can be
achieved on a daily
basis with a constant |
ratio between light |
and temperature. The |
result is a healthy
and resilient crop.

Figure 6.8.3-1B

profile

Principle 5
Controlling plant load |
and distribution of |
assimilates by the

vertical temperature

Balance can be
achieved by planning
a "low" plant load
year round based on
the long-term light

- sum. The result is a

better light efficiency
(principles 1 and 2) in
combination with a
healthy and resilient
crop.

Figure 3.6.8-1

A low plant load

is the result of the
temperature of

the fruits or flower
buds being high. It

is influenced by the
RTR and the vertical
temperature profile |
of the crop. Regular |
crop management is
also essential.
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Figure 10.4.3-1 RTR scatter plot recorded by the LetsGrow Plant module
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5. (g ek A T~ Rk R

Principle 1 Principle 2 Principle 3 Principle 4 Principle 5
Energy input: The Radiation Convection Monitoring water The role of
driving force behind evaporation evaporation balance by VPD stomata
evaporation
@ ¢ @ |
el |
'Q?W
Figure 3.5.1-1 Figure 3.5.3-1 Figure 3.5.2-1 Figure 3.5.6-1 Figure 3.5.5.1-1 |
There are two Evaporation rate Evaporation rate is Low VPD
different ways of depends only on dependent on (<1.2-15kPa)
energy transport fadiation. is an indication for
and evaporation: T-leaf < T-air open stomata and
RH influences sto- Air movement > 0 no water stress.
Radiation mata opening. RH < 100 %
evaporation -energy |
transport without | With increasing
contact. radiation level,
ventilation strategy
Convaction is morc bascd on o
evaporation - humidity and CO: ' S 9. 2
than on low tempe- i
Cnergy transport ralure. A ( m) i) "\
N J=

through air imuve-
ment.
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