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How does a greenhouse work: humidity

Plants give:
® Vapour

The need for
humidity control may
cool the greenhouse
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Climate control, humidity

Relative Humidity or vapour deficit ?

® Absolute humidity
= amount of water in air [g/kg or g/m3]

® For the control Absolute Humidity difference in- & out-
side is most important

e Abshum, >> Abshum,, open the window
e Abshum,, <= Abshum, increase T q4e

® Qutside air ( dryer ‘=always’)
e Latent and sensible heat loss
e Minimise sensible heat loss (winter)
= ventilation
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Climate control, humidity

" Cover
e condensation - cover temperature
e Condensation heat stays inside

® Mechanical dehumidification
e condensation - cold surface
e What cold source? = Production costs energy

e Temperature below dew point else no condensation at
all as well loss of sensible heat (pre heat back to air
temperature?)
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Climate control, humidity

® Energy fluxes
® Transpiration needs energy
e If warm it cools the greenhouse

e If cold ‘extra’ heating energy required

® Condensation releases energy

Melting vs freezing of water
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Climate control, humidity

Botrytis

® Chance for Botrytis is
high when crop (parts)
become wet

® Wet crop caused by
e Condensation
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Climate control, humidity

= Vapour content in air
can also be described
in terms of dew point,
that is the temperature
at which air with given
vapour content would
be saturated

saturated vapour
function

temperature
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Crop cooler than dew point of the air

radiative losses

transpiration

The crop at night is cooler than the air, but it should
be warmer than dew point...

~Crop-temperature ~ air temperature, but...
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Climate control, humidity

Effect of temperature on RH

- 0 |
Treenhouse= 15.5 °C Each kg air exchange is 5.6 g moisture released
RH =88 %

Abshum.geenhouse =9-7 Q/kg

greenhouse

Toutside = 3.1 °C
RH Ty tside = 86 %
AbShUM.oyisige =4.1 9/kg

v v v v
T, = 16.1°C T = 14.6 °C Ty = 9.7 °C Ty = 6.3°C
RH 5, = 41 % RH = 44 % RH 5, = 63 % RH ., = 76 %

Abshum.,;, =4.6 g/kg Abshum.,; =4.5 g/kg Abshum.,, =4.7 g/kg Abshum.,, =4.5 g/kg
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Climate control, humidity

Transpiration how much we have?

Effect of artificial lighting
(180 pmol/m2/s) on
transpiration.

Mainly related to:

e _[mumn%"m“.fs] [W/m'] B

e Radiation

° Humldlty 9 S=="5 12 16 20
e LAl T o

e CO,
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Climate control, humidity

Transpiration: full grown tomato crop

20 a 30 gram/m2/uur at the lower side is not eq min transpiration
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Climate control, humidity

Transpiration [g/m2.hour]

Transpiration: 600
full grown tomato crop ms
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Climate control, humidity
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Climate control, humidity

® Plant, where to condensate?
® Plant temperature
e Cover temperature & screen control
e Radiative heat losses (night)
e Effect of cover material (glass / plastic, t;)
e Plant shape (gerbera)
e Plant health

e Plant type (pot plants versus
tomato) ‘

e Plant part (leave or flower
bud)
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Climate control, humidity

Ventilation and temperature
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not dry the air

Climate control, humidity

" Effect of low humidity on crop
e Small leaves
e Blossom end rot
e Delayed growth
e Smaller buds
e Smaller fruits (better taste)
e | ess fungi
e L oss of production
e Generative growth

® Effect of high humidity is in general positive for crop
production unless diseases become a problem
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Dehumidification costs energy - because

Sensible heat loss during ventilation

N

nwanzwuﬁuzum

=< 648
< Latent heat uptake by the crop
o

Dehumidification

® How to reduce losses

e Reducing the transpiration rate during heating
periods

o Reduce the Sensible/Latent ratio of the ventilation
air
e Both measures imply growing at higher humidities
" OR
o Make use of the cold roof top (condensation)
e Energy efficient system
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Condensation

® Condensation on inner side of roof

e Glass temperature < dew point temperature of

greenhouse air
Percentage van de dag dat het kasdek (gedeeltelijk) nat is

100 ]

Tomato crop 100 I/(m2 year)

Jul Aug Sep Oct Nov Dec Jan Feb Mar Apr May Jun  Jul

nwanzwuﬁuzum

Saving on energy for dehumidification

- control on a higher setpoint

700 , Crop evaporation [kg/(m? year)]

600 }- 48 kg/(m?2 year) reduction

Evaporation in periods
500 with heating

300 R . R
Evaporation in periods

without heating
200 (480 kg/(m? year))

80 82 84 86 88 90

Setpoint for relative humidity [%]
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Saving on energy for dehumidification

Moisture withdrawal [kg/(m? year)]

sensible/latent ratio during dehumidification
120 0.95
100
" o~ 0.92 \
60 0.88
40
0.84
20
0 . . v \ 0.80 - . : -
80 82 84 86 88 %0 80 82 84 86 88 %
Setpoint humidity control [%RH] Setpoint humidity control [%RH]
Greenhouse heating [MJ/(m? year]
1400 g [M/(m? year)]
1200
1000 \\
800
800 1 350 MJ/(m?2 year) decrease
400
200 +—— (30%)
0 T
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Setpoint humidity control [%RH]

Accurate humidity control

Humid air leaving the greenhouse At humidity setpoint of 85%

\\///\'\ 90 kg of moisture and 185 MJ/(m?2 year)

4 , (Tomato in Dutch weather conditions)
\ 7 (18% of heating demand)

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

® Crop is drled at the most vulnerable Outside air is
' parts with dry outside air dry, but cold
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Preheating in the air
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n . treatment unit

Sensible heat loss due to dehumidification

Sensible heat [W/mZ2]

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov  Dec

185 MJ/(m?2 year)
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Three ways to reduce this heat loss

Balance ventilation | Condensation by
system cooling
A uh b
i Y -.am:eu-lﬁﬁla =
“H] “H{ s‘ 1&\‘“ ﬁ:?{%i-
-&wiiﬁ{ﬁ&‘:g: j:ﬁl“ r-aw?!w?-i

1
—\L&f»\h’-\u",’&-\ﬁ’ —\lﬁfﬂfmﬂf%rmd

Hygroscopic drying

O B e e
:{;'ﬁ '15’1» -r‘“%k’b\b
e ﬁ;« bﬁ'r‘d}fﬁ \ﬁ:
- c& L& f,ih Ry .

nwanzwunuzum —_——

Efficiency van de regain unit

[°c] Dehumidifier on
30
=T outside
25 ,..;.,/\"’\/\- =T gh extract
=T gh entrence
20

15
'T\__' Efficiency calculated
10

M

Dehumidifier off
5 "

/JWN?\[ + dehumidification
\\

4 8 12 16 20

® Efficiency of this regain unit is about 82% (sensible
heat)

® Switching on /of reduces the efficiency (vary the fan
speed)
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Balance ventilation
- 60 to 80% regain of sensible heat

; if“r ‘r'}l mn

185 * 70% = 130 MJ/(m?2 yr) energy saving
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Condensation on cold surface
- keeping sensible and latent heat inside

Y
— Water vapour ‘ —

Surplus
energy
(driving
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Sensible + latent heat Experiments
show 220 MJ/(m?2 yr)
energy saving

Sensible + latent heat + driving power

Greenhouse is closed in winter
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Hygroscopic dehumidification
- keeping sensible and latent heat inside
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Hygroscopic dehumidification principle

Ordinary water Brine of 38% mass CaCl,

‘ocoocoococool
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Hygroscopic dehumidification
- orienting experiments

Comparison of capacity

air circulation rate: 10 m3/(m2 hr)

Dehumidification capacity [gr/(m2 hr)] @RH =85%
50

45 -
40
35 Hygroscopic brine /
30 / -~
25 / /
20 /
15 Expected savings:
Cold f 2
10 // old surface 250 M3/(m? yr)
0 ‘ ‘ ‘ ‘
13 15 17 19 21 23

greenhouse air temperature [oC]

" @lower temperatures brine in advantage
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Conclusions:

(holding for tomato in NL weather)

® Allowing high humidities is a first step to save on
dehumidification costs. A proper system to safely enable
a high humidity control saves around 200 MJ/(m?2 yr)

® The simplest system to further decrease energy costs for
dehumidification retains sensible heat and saves around
130 MJ/(m?2 year)

® When using a cooling system to condens the moisture
excess sensible and latent heat can be recovered, saving
220 MJ/(m?2 year)

® When using a hygroscopic dehumidification system
sensible and latent heat can be recovered more
effectively > expected saving of 250 MJ/(m?2 year)
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Or exchange air from above the screen

® \Vents can be opened to reduce dew point temp. cover
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Ventilation jets: (local system)
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Dehumidification & Air circulation

® Dehumidification else than
by vents means forced air
movement (distributed or
free

® Air circulation lowers
ALWAYS the difference
between crop and air
temperature

e It cools if crop is warmer

e It warms if crop is cooler

® Thus it certainly may help
when there is risk of
condensation

nWAEENINﬂEN

Climate control, humidity

® Systems for dehumidification
e Air distribution /central system
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Climate control, humidity Climate control,
® Systems for dehumidification ® Air distribution
e Air distribution /central system e Air takes way of less resistance

e Solution of poor distribution is in general not to
circulate more m3

e High air speed
increases the
transpiration
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Climate control, Questions?

® Vertical temperature distribution
® Be aware mechanical systems can change natural
air flows in greenhouse systems

e Dehumidification systems are not for cooling (too
low capacity)

e Cold air is heavy (stays at bottom)

e For natural air mixing bring cold air in above the
crop

e Bringing in cold air from below (in case dry air is
not preheated up to greenhouse air temperature)
can change (negatively) the vertical temperature
distribution (cold feet / warm head) and can
create a “dead” climate
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