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n Optimal climate conditions enable higher yield in green-
houses than in open field production. The production during 
winter months allows an extension of the cropping period. 
However, the construction of greenhouses requires high invest-
ment costs. Especially for heating and – eventually artificial 
lighting - high energy costs may arise. With increasing prices 
of energy, the energy costs as a portion of production costs is 
increasing. To check the economy of a crop or crop sequence, 
programs are needed, by which the energy demand of a green-
house crop can be calculated with low effort. Numerous models 
are available to calculate the energy consumption. As a rule of 
thumb, the more complex a model is, the more input param-
eters are required. If for specific applications these parameters 
can only roughly be estimated or if default values are used, the 
accuracy of a more complex model may not be better than the 
accuracy of a simplified model. Therefore, for this task, a com-
promise must be found that allows a sufficient accuracy, and 
requires only a minimum number of parameters. Such a model 
approach is used in the Hortex Program [1].

The basic equation for the heat requirement Φ of a green-
house is:
Φ = Ucs × As × (θi − θe) − sol × Ag × τ × η [W] (Eq. 1)

The overall heat transfer coefficient Ucs contains various 
parameters of the heat transfer as cladding material, wind 
speed, cloud cover, heating system and evapotranspiration of 
the crop with the resulting latent heat flux. The second part of 
Equation 1 describes the solar energy gain of the greenhouse 
during day time. τ is the transmittance of the greenhouse roof 
for global radiation and h describes the portion of global solar 
radiation which is converted into sensible heat. The value of 
h can range from about 1.0 (dry greenhouse without plants) 
and close to 0.0 (for example, a greenhouse with tomato or 
cucumber crop). To calculate the heat demand with Equation 
1 only a few parameters are required. These parameters need 
to be determined for the specific application (Table 1 and 2).

The heat demand coefficient Ucs consists of the heat trans-
fer coefficient U and a coefficient for air exchange UL:

Ucs = U + UL   [W m−2 K−1] (Eq. 2)

The heat flux by air exchange through leakages can be calcu-
lated using the following equation:

ΦL = z ×Vg ρa (cpa (θi − θe ) + r0 (xi − xe ))  [W] (Eq. 3)

or using the enthalpy he of the air:

ΦL = z ×Vg × ρa × (hei − hee)  [W]  (Eq. 4)

The heat transfer coefficient for air exchange UL is then:

UL = ΦL × As
−1 × (θi − θe)−1  [W m−2 K−1] (Eq. 5)
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Heat requirement of greenhouses  
including latent heat flux
Unlike buildings, the heat demand of greenhouses is affected also by the evaporation of the 
respective crop. Due to condensation of water vapour inside the covering material, latent heat 
is converted into sensible heat and transported outwards through the covering material. The 
portion of latent heat can increase to more than 50 % of the internal heat transfer and is there-
fore a significant heat flux, which must be considered in calculations of heat demand. The heat 
transfer coefficients (U-values), as they are given in literature, are only valid for dry conditions 
without condensation. In this work, a simplified methodological approach was chosen using 
heat transfer resistances to consider the latent heat flux and thus, to calculate U-values for 
greenhouse conditions including condensation.
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The determination of the air exchange rate due to leaks in 
a greenhouse is possible with a tracer gas. However, the ef-
fort is relatively high. When planning new greenhouses only a 
rough estimate is possible. Modern greenhouses are expected 
to be relatively air tight, so that errors in the estimation of the 
air exchange rate are normally negligible. The heat transfer 
through the covering material is of greater importance, and 
thus the heat transfer coefficient U. In literature U-values of 
covering materials are often measured in laboratories [2], and 
therefore these values are not valid for greenhouse applica-
tions.

An important difference to laboratory measurements is the 
latent heat flux by evapotranspiration of the crop and conden-

List of abbreviations

Symbol 
Symbol

Beschreibung 
Description

Dimension 
Dimension

A
Fläche
Area

m²

c
Wärmekapazität
Heat capacity 

J kg-1 K-1

co
Kondensatmenge
Quantity of condensation

g m-2 h-1

h
Wärmeübergangskoeffizient
Heat transfer coefficient

W m-2 K-1

he
Enthalpie der Luft
Enthalpy of the air

kJ kg-1

R
Wärmewiderstand
Resistance of heat transfer

m2 K W-1

r0
Verdampfungswärme
Enthalpy of evaporation of water

J kg-1

sol
Solarstrahlung
Solar radiation

W m-2

U
Wärmedurchgangskoeffizient
Heat transfer coefficient

W m-2 K-1

V
Volumen
Volume (of air)

m³

x
Wassergehalt der Luft
Water content of the air

kg kg-1

z
Luftwechselzahl
Air exchange rate

h-1

η

Faktor für die Umwandlung von  
Solarstrahlung in sensible Wärme
Portion of solar radiation converted to  
sensible heat

-

θ Temperatur
Temperature

°C

ρ Dichte
Density

kg m-3

τ Durchlässigkeit
Transmittance

-

Φ Wärmestrom
Energy flux 

W

Table 1 sation on the cladding material. The latent heat flux Φicd takes 
place on the inside surface of the cladding material parallel to 
the heat transfer by convection Φicv and long wave thermal ra-
diation Φir:

Φi = Φicv + Φir + Φicd   [W] (Eq. 6)

According to these heat fluxes, heat transfer coefficients can be 
determined:

hi = hicv + hir + hicd  [W m-2 K-1] (Eq. 7)

The convective heat transfer Φicv depends on the air flow condi-
tions at the cladding material (laminar or turbulent), the heat-
ing system (air or pipe heating) and, for free convection, on the 
greenhouse height and the temperature difference between the 
air and the roof temperature. The heat transfer by long-wave 
thermal radiation Φir depends on the heating system and the 
temperature difference of the radiation-exchanging-surfaces. 
The convective and radiative heat flux can be calculated quite 
accurately [3, 4]. The latent heat flux Φicd or the heat transfer 
coefficient hicd are more difficult to estimate, because the tran-
spiration of a crop is a function of the leaf area index (LAI) 
and the opening of the stomata, which can change. This causes 
problems when using heat consumption coefficients (Ucs) cre-
ated by measurements of the heat consumption of greenhouses. 
Normally the portion of latent heat flux it is not specified for 
these measurements. Quite often information about the crop 
during the heat consumption measurement is missing. For 
these reasons, a transfer of measured Ucs-values   to other green-
houses with other crops is difficult and may lead to larger er-
rors.

The objective of this work is the development of a methodol-
ogy to simplify the estimation and consideration of the latent 
heat flux in heated greenhouses. Based on heat transfer coef-
ficients from literature (laboratory test), U-values   for different 
cladding materials and specific greenhouse conditions, includ-
ing condensation, shall be determined.

Methods
A resistance model (Figure 1) is used as a methodological ap-
proach to calculate the heat transfer coefficient. Such an ap-
proach is already included in the standard DIN 4701 [5, 6]. 
Currently BS EN 12831 [8] is available for the calculation of the 
design heat requirement of greenhouses. Thus the heat trans-
fer of complex cladding systems can be calculated (without la-
tent heat flux). The resistances are obtained as reciprocals of 
the heat transfer coefficients. The final U-value results from the 
series connection of resistors as the reciprocal of the sum of the 
individual resistances:

U = (Ri + Rλ + Re)−1  [W m−2 K−1] (Eq. 8)
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The thermal resistance Ri inside the cladding material is 
important for this approach. Heat is transmitted by parallel 
heat fluxes (Equation 6). The transfer of heat by condensation 
(latent heat) is an additional heat flux. The heat transfer coef-
ficients are added according to Equation 7.

 Depending on the portion of latent heat, specific heat trans-
fer coefficients hi can be estimated. For the calculations below, 
values   of hi = 12 and hi = 15 W m-2 K-1 are used. These values 
are corresponding with a portion of latent heat on the inner 
heat transfer of 25 to 40 %. This range is valid for pot plants [8]. 
For vegetable crops with a larger leaf area (e. g. tomatoes and 
cucumbers) a higher proportion of latent heat (about 50–60 %) 
can be expected.

Results
Heat transfer coefficients (U-values)
In Table 4, the calculated U-values   for various materials are 
shown. It is apparent that the differences in the U-values   be-
tween dry (hi = 9) and humid conditions (hi = 12 and hi = 15 W 
m-2 K-1) are smaller with better thermal insulation. When using 
thermal screens, each screen creates an additional resistance 
RS (Table 3), which is added to the total thermal resistance:

U = (Ri + Rλ + Re + RS1 + RS2 + RS3)−1 [W m−2 K−1] (Eq. 10)

The values   in Table 4 are valid due to the assumptions of heat 
transfer coefficients inside and outside the roof. This approach 
can also be used to determine the U-values for other conditions 
(e. g. different heating systems).

Table 2

List of indices

Indizes/Indices Beschreibung/Description

a Luft/Air

cd Kondensation/Condensation

cs Verbrauch/Consumption

cv Konvektion/Convection

e Außen, extern/External

g Gewächshaus/Greenhouse

i Innen/Inside

L Undichtigkeit/Leakage

p Druck/Pressure

r Strahlung/Radiation

s Oberflache/Surface

S Schirm/Screen

λ Leitung/Conduction
 

Fig. 1

Model of heat resistors for heat transfer through the covering mate-
rial from inside to outside

Based on U-values   from laboratory measurements [2] the ther-
mal resistance Rλ can be calculated for different materials:

Rλ = U−1 − Ri − Re   [m2 K W−1] (Eq. 9)

Heat transfer coefficients inside and outside the cladding mate-
rial of hi = 9 and he = 25 W m-2 K-1 according to Ri = 0.111 and 
Re = 0.04 m2 K W-1 were used for these calculations. Thus the 
material-specific resistances Rλ are calculated (Table 4). The 
negative heat transfer resistance Rλ for PE film is due to the 
permeability of the film for long-wave thermal radiation.

In the next step, greenhouse-specific heat transfer coeffi-
cients (U-values) can be determined. The heat transfer coeffi-
cient outside he is a function of wind speed (forced convection) 
and of long wave radiation to the sky or to the clouds. For single 
glazing a dependency of the external heat transfer coefficient 
on the wind speed can be determined [3]. For double or multiple 
glazing under clear sky conditions, the long-wave radiation heat 
flux outside of the roof may be larger than the heat flux from in-
side to outside. Then the outside roof temperature drops below 
the outside air temperature and heat is transferred to the roof 
by convection. In such cases the specification of a heat transfer 
coefficient makes little sense, as the values   may even be nega-
tive. These problems can usually be neglected, since with mul-
tiple glazing the outer thermal resistance Re is very small com-
pared with the thermal resistance Ri of the cladding material. 
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Surface temperatures on the inside of the roof
The inner surface temperature θsi of the roof is important 
for the condensation behaviour and for the estimation of the 
amount of condensate:

θsi = (Rλ + Re) × U × (θi − θe) + θe   [°C] (Eq. 11)

Assuming for the design case with θi = 20 °C and θe = -14 °C 
one gets:

θsi = (Rλ + 0.04) × U × 34.0 − 14.0 [°C]  (Eq. 12)

and for higher outside air temperatures of e. g. θe = 5,0 °C:

θsi = (Rλ + Re) × U × 15.0 + 5.0  [°C] (Eq. 13)

The calculated surface temperatures are given in Table 5. The 
inner roof surface temperatures are increasing with better ther-
mal insulation that means with smaller U-values.

Quantity of condensation
The amount of condensate co can be calculated according to the 
proportion of latent heat with the following equation:

co = hicd × (θi − θsi) ∕ r0 × 3600 [g m−2 h−1] (Eq. 14)

For thermal screens it has been assumed that the condensa-
tion occurs only at the surface of the roofing material and not 
at the thermal screen. Using inside heat transfer coefficients of 
hi = 12.0 and hi = 15.0 W m-2 K-1, heat transfer coefficients for 
condensation results in hicd = 3.0 and hicd = 6.0 W m-2 K-1 re-
spectively. The calculated rates of condensate are given in Table 
5 for the design conditions θi = 20 and θe = -14 °C and for ‘nor-
mal’ operating conditions θi = 20 and θe = 5 °C respectively. The 
quantity of condensate depends crucially on the inner surface 
temperature of the roof.

With increasing inner surface temperature of the roof, bet-
ter thermal insulation, lower U-values or rising outside air tem-
perature, the rate of condensate is reduced. This means that the 
greenhouse air is less dehumidified. The humidity is increased. 
At the same time, the crop will evaporate less water at higher 
humidity. The reduced transpiration may limit the uptake of 
nutrients (e. g. Calcium) and may lead to deficiency symptoms. 
A high humidity also increases the risk of fungal infections.

Table 3

Heat resistance Rλ of screens [8]

Schirm/Screen Rλ (m2 K W-1)

Tagesschirm/Day screen 0.08

Energieschirm/Thermal screen 0.14

Verdunklung/Black out system 0.36

Conclusions
Using the described methodology, the heat transfer coeffi-
cient can be calculated quite accurately. A comparison with 
the literature [8] shows a good agreement between the calcu-
lated U-values   and the results of heat consumption measure-
ments. Thus, the objective of this work is achieved. The error 
of this approach is smaller for double or multiple glazing than 
for single glazing. This can be explained with the resistance 
model. The thermal resistance of single glazing is very small 
(Rλ ≈ 0.0 m2 K W−1). The inner and outer heat transfer resist-
ance determine the total resistance and thus the U-value. As 
these resistors are subject to various influences, there is a rela-
tively large range of the U-value for single glazing. For double 
and triple glazing the thermal resistance Rλ is the largest resist-
ance and significantly determines the U-value. Changes of the 
inner and outer heat transfer coefficients will have only little 
effect.

The temperature of the inner surface of the roof is crucial 
to condensation conditions. A better insulation, lower U-values 
and higher outside air temperatures are resulting in a higher 
inside–roof-surface temperature. The leaves are exchanging 
long wave radiation with a warmer roof surface. Therefore the 
leaves are transmitting less long-wave thermal radiation to the 
roof. The leaf temperature may be somewhat higher. The influ-
ence of the inner roof surface temperature on the amount of 
condensate is important. With double or triple glazing conden-
sation occurs only at higher air humidity. Compared to single 
glazing the rate of condensation is significantly reduced. It is 
interesting how thermal screens are influencing air humidity. 
On the one hand thermal screens hinder the transport of water 
vapour to the roof. On the other hand, the inside-roof-surface-
temperature decreases with closed screens, so the difference 
between the water content of the air in the crop area and the 
saturation water content at the surface of the roof is increased 
significantly. This approach does not consider a specific perme-
ability of the screen material for water vapour. It is assumed 
that heat and water vapour are transmitted by the screen mate-
rial in an analogous manner.

Any effort to save heating energy can be expected generally 
to go along with increased humidity. In the described approach 
is not considered that any additional energy for dehumidifica-
tion is used. A negative impact of high humidity can be mitigat-
ed by several measures. The choice of the irrigation system is 
important. After the irrigation process there should not remain 
a moist surface that evaporates excess water. The distance of 
pot plants must be sufficient. Within a closed plant canopy hu-
midity is increased [9] with an increasing risk of fungal infec-
tions. Larger temperature gradients are causing moisture gradi-
ents. In areas with lower temperatures the relative humidity is 
increased. This may cause condensation on the leaves or fruits. 
A more uniform distribution of temperature and humidity can 
be achieved in conjunction with fans by selection and proper 
arrangement of the heating system, so that higher humidity up 
to 90 % RH may have no negative impact.
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Heat transfer coefficients (U-values) for a dry greenhouse (hi = 9 W m-2 K-1) [2] and two versions with condensation  
(hi = 12 and hi = 15 W m-2 K-1); (he = 25 W m-2 K-1)

Re = 0.04 m2 K W-1 hi = 9 
W m-2 K-1

hi =12 
W m-2 K-1

hi =15 
W m-2 K-1

Ri m2 K W-1 0.11111 0.083333 0.0666667

U-Wert/U-value Rλ/Rλ U-Wert/U-value U-Wert/U-value

Folien/Film material W m-2 K-1 m2 K W-1 W m-2 K-1 W m-2 K-1

PE-Folie UV-stabilisiert, einfach
PE, UV-stabilized, single

7.0 -0.01 8.7 10.1

PE-Folie UV-stabilisiert, doppelt
PE, UV-stabilized, double

3.4 0.14 3.8 4.0

EVA-Folie, koextrudiert, einfach
EVA, coextruded, single

6.2 0.01 7.5 8.5

PVC-Folie, einfach
PVC, single

6.1 0.01 7.3 8.4

PE-Luftpolsterfolie
PE „Bubble Wrap“

5.4 0.03 6.3 7.1

ETFE-Folie, “no drop”, einfach
ETFE-film, no drop, single

6 0.02 7.2 8.2

ETFE-Folie, “no drop”, doppelt
ETFE-film, no drop, double

3 0.18 3.3 3.5

Starre Materialien/Rigid material U-Wert/U-value Rλ/Rλ U-Wert/U-value U-Wert/U-value

Floatglas, einfach 
Float glass, single layer

6 0.02 7.2 8.2

Floatglas, Isolierglas 
Float glass, double layer

3 0.18 3.3 3.5

PMMA-Stegdoppelplatte, 16 mm, Alltop
PMMA „Alltop“ 16 mm

2.5 0.25 2.7 2.8

PMMA-Stegvierfachplatte, 32 mm
PMMA 32 mm, fourfold

1.6 0.47 1.7 1.7

PVC- oder glasfaserverstärkte Platten
PVC or fibre glass corrugated

6.8 0.00 8.4 9.7

Polycarbonat-Stegdoppelplatten 6 mm
PC 6 mm double

3.6 0.13 4.0 4.3

Polycarbonat-Stegdoppelplatten 10 mm
PC 10 mm double

3.2 0.16 3.5 3.7

Polycarbonatplatten, 16 mm, X-Struktur
PC 16 mm, x-structure

1.8 0.40 1.9 2.0

Polycarbonat-Fünffachplatten 32 mm
PC 32 mm fivefold

1.4 0.56 1.5 1.5

Materialkombinationen/Combinations U-Wert/U-value Rλ/Rλ U-Wert/U-value U-Wert/U-value

GFC (eisenarmes Glas + ETFE-Folie)
GFC (low iron AR glass + ETFE-film)

3.1 0.17 3.4 3.6

FGFC (ETFE-Folie + Glass + ETFE)
FGFC (ETFE-film + glass + ETFE-film)

1.8 0.40 1.9 2.0

Einfachglas + Tagesschirm
Single glass + day screen

3.98 0.08 4.48 4.84

Einfachglas + Tages- + Energieschirm
Single glass + day + thermal screen

2.56 0.22 2.75 2.88

Einfachglas + 2 Schirme + Verdunklung
Single glass + 2 screens + black out 

1.33 0.58 1.38 1.42

Isolierglas + Tagesschirm
Double glass + day screen

2.43 0.08 2.61 2.73

Isolierglas + Tages- + Energieschirm
Double glass + day + thermal screen

1.81 0.22 1.91 1.97

Isolierglas + 2 Schirme + Verdunklung
Double glass  + 2 screens + black out

1.10 0.58 1.13 1.15

Table 4
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Temperature inside the cover and amount of condensation at heat transfer coefficients inside of  
hi = 9, hi = 12, hi = 15 W m-2 K-1; he = 25 W m-2 K-1; θi = 20 °C

Dachinnenflächentemperatur  
Temperature inside the cover

Kondensatmenge  
Amount of condensation

he = 25 W∕(m2 K) hi = 9 hi =12 hi =15 hi =12 hi =15 hi =12 hi =15

Re = 0.04 m2 K W-1 θe = -14 °C θe = 5 °C

θsi θsi θsi coi coi coi coi

Folien/Film material °C °C °C g m-2 h-1 g m-2 h-1 g m-2 h-1 g m-2 h-1

PE-Folie UV-stabilisiert, einfach
PE, UV-stabilized, single

-6.4 -4.6 -3.0 118 220 52 97

PE-Folie UV-stabilisiert, doppelt
PE, UV-stabilized, double

7.2 9.4 10.9 51 87 22 38

EVA-Folie, koextrudiert, einfach
EVA, coextruded, single

-3.4 -1.2 0.6 101 185 45 82

PVC-Folie, einfach
PVC, single

-3.0 -0.8 1.0 99 181 44 80

PE-Luftpolsterfolie
PE „Bubble Wrap“

-0.4 2.0 3.9 86 154 38 68

ETFE-Folie, “no drop”, einfach
ETFE-film, no drop, single

-2.6 -0.4 1.5 98 177 43 78

ETFE-Folie, “no drop”, doppelt
ETFE-film, no drop, double

8.7 10.7 12.2 44 75 20 33

Starre Materialien/Rigid material °C °C °C g m-2 h-1 g m-2 h-1 g m-2 h-1 g m-2 h-1

Floatglas, einfach 
Float glass, single layer

-2.6 -0.4 1.5 98 177 43 78

Floatglas, Isolierglas 
Float glass, double layer

8.7 10.7 12.2 44 75 20 33

PMMA-Stegdoppelplatte, 16 mm, Alltop
PMMA „Alltop“ 16 mm, double

10.6 12.4 13.6 36 61 16 27

PMMA-Stegvierfachplatte, 32 mm
PMMA 32 mm, fourfold

14.0 15.3 16.1 23 37 10 16

PVC- oder glasfaserverstärkte Platten
PVC or fibre glass corrugated

-5.7 -3.7 -2.1 114 211 50 93

Polycarbonat-Stegdoppelplatten 6 mm
PC 6 mm double

6.4 8.7 10.3 54 93 24 41

Polycarbonat-Stegdoppelplatten 10 mm
PC 10 mm double

7.9 10.1 11.5 48 81 21 36

Polycarbonatplatten, 16 mm, X-Struktur
PC 16 mm, x-structure

13.2 14.6 15.6 26 42 11 19

Polycarbonat-Fünffachplatten 32 mm
PC 32 mm fivefold

14.7 15.9 16.6 20 32 9 14

Materialkombinationen/combinations °C °C °C g m-2 h-1 g m-2 h-1 g m-2 h-1 g m-2 h-1

GFC (eisenarmes Glas + ETFE-Folie)
GFC (low iron AR glass + ETFE-film)

8.3 10.4 11.9 46 78 20 34

FGFC (ETFE-Folie + Glass + ETFE)
FGFC (ETFE-film + glass + ETFE)

13.2 14.6 15.6 26 42 11 19

Einfachglas + Tagesschirm
Single glass + day screen

-5.9 -4.9 -4.1 61 105 27 46

Einfachglas + Tages- + Energieschirm
Single glass + day + thermal screen

-8.8 -8.4 -8.1 37 63 16 28

Einfachglas + 2 Schirme + Verdunklung
Single glass + 2 screens + black out 

-11.3 -11.2 -11.1 19 31 8 14

Isolierglas + Tagesschirm
Double glass + day screen

4.2 5.5 6.4 35 59 16 26

Isolierglas + Tages- + Energieschirm
Double glass + day + thermal screen

-0.4 0.3 0.8 26 43 11 19

Isolierglas + 2 Schirme + Verdunklung
Double glass + 2 screens + black out

-5.8 -5.5 -5.4 15 25 7 11

Table 5



landtechnik 68(1), 2013

49

References
[1] Rath, T. (1992): Einsatz wissensbasierter Systeme zur Modellierung 

und Darstellung von gartenbautechnischem Fachwissen am Beispiel des 
hybriden Expertensystems HORTEX. Gartenbautechnische Informa-
tionen, Heft 34, Eigenverlag des Instituts für Technik in Gartenbau und 
Landwirtschaft

[2] Max, J. F. J.; Schurr, U.; Tantau, H.-J.; Mutwiwa, U. N.; Hofmann, T.;  
Ulbrich, A. (2012): Greenhouse Cover Technology. Horticultural Reviews 
40, First Edition. Ed. Jules Janick, pp. 259–396

[3] Tantau, H.-J. (1975): Der Einfluss von Einfach- und Doppelbedachungen 
auf das Klima und den Wärmehaushalt von Gewächshäusern. Garten-
bautechnische Informationen Heft 4, Institut für Technik in Gartenbau u. 
Landwirtschaft, Universität Hannover

[4] Tantau, H.-J. (1977): The Influence of Single and Double Shelters on the 
Climate and Heat Consumption of Greenhouses. Acta Hort. (ISHS) 70,  
pp. 11–15

[5] Tantau, H.-J. (1974): Wärmeverbrauchsmessungen an Gewächshäusern 
als Grundlage der Wärmebedarfsrechnung. HLH Heizung Lüftung/Klima 
Haustechnik 25(9), S. 289–293

[6] DIN 4701 (1983): Energetische Bewertung heiz- und raumlufttechnischer 
Anlagen

[7] DIN EN 12831 (2003): Heizungsanlagen in Gebäuden – Verfahren zur 
Berechnung der Norm-Heizlast

[8] Tantau, H.-J. (2012): Das Niedrigenergiegewächshaus – Methode zur 
Analyse der Wärmeströme und der PAR-Durchlässigkeit. Landtechnik 
67(3), S. 196–204

[9] Lange, D.; Tantau, H.-J. (1996); Climate Management for Disease Control 
Investigations on Control Strategies, Plant Densities and Irrigation Sys-
tems. Acta Hort. (ISHS) 406, pp. 105–114

Author
Prof. Dr. Hans-Jürgen Tantau was managing director of the Biosystems 
and Horticultural Engineering section at the Leibniz Universität Hannover 
until September 30th 2010. Since May 1st 2009 he is coordinator of the 
ZINEG research project.

Acknowledgment
We thank the Federal Ministry for Environment, Nature Conservation and 
Nuclear Safety, the Landwirtschaftliche Rentenbank, the Federal Minis-
try of Food, Agriculture and Consumer Protection as well as the Federal 
Office for Agriculture and Food for their support.


