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“Every grower should know the Psychrometric 
chart by heart”

Introduction

What is the Psychrometric chart?
We all know that the temperature and moisture 
content of the air is important for our respiration. 
Warm humid air is better for our airways and 
lungs than cold dry air. However, if we have to ex-
ercise strenuously, like running a marathon, then 
a moderate temperature and a not too high hu-
midity is more favourable, because we are able 
to release our excess body heat through perspi-
ration and cooling. This is because of the energy 
content of the air.

The Psychrometric chart describes the properties 
of air at different temperatures and moisture con-
tents, in order for us to understand the physical 
backdrop to the transfer of moisture and energy 
in our environment. One of the particular prop-
erties of air is, for example, that it can contain no 
more than a fixed amount of water vapour at a 
specific temperature. If humid air cools, then at 
some point the water vapour condenses and 
water drops are formed. If the temperature and 
humidity above the sea is known to us as well as 
the temperature above the land, then the Psy-
chrometric chart is able to show us whether the 
sea air above the land will remain clear, whether 
it will become foggy or even whether it will rain.

The Psychrometric chart is mostly used world-
wide for various applications, such as air condi-
tioning and refrigeration.

The Mollier diagram was drawn up by the German 
physicist Richard Mollier (1863 - 1935), who had 
played an important role in the development of 
steam engines (reference 2). The Mollier diagram 
is still widely used in Scandinavia, Eastern Europe 

and Russia. The content represented is essentially 
the same as that of the Psychrometric chart, but 
from a different perspective.  The Psychrometric 
chart below is such as the one used in most coun-
tries. The horizontal X-axis depicts the tempera-
ture in °Celsius (°C). The vertical Y-axis represents 
the humidity in the air in g/kg.

Why is the Psychrometric chart important for 
Greenhouse climate control?
Most gardeners rely on their feelings in regulat-
ing the greenhouse climate. If it is too hot and/
or too humid in the greenhouse, the ventilation 
windows are opened more and the temperature 
and humidity will then usually decrease. If the 
air outdoors is very dry then the humidity in the 
greenhouse will drop much quicker than the 
temperature. This is detrimental to the plants 
because the stomata then close to prevent de-
hydration. It is more difficult for the CO2 to be 
absorbed through the closed stomata and the 
growth will come to a halt. In that case, it is better 
to take the humidity into greater account than 
the temperature. We are able to learn when and 
why this is so from the Psychrometric chart. 

If we take the physical properties of air into ac-
count in regulating the greenhouse environment, 
we can often achieve a better result than if we 
only rely on our feelings. A better understanding 
of physics can furthermore lend a hand in saving 
energy and water, producing a greater yield and 
a better quality plant.

What does the Psychrometric chart looks like 
and why are there different types?
A fair amount of background information about 
the Psychometric chart can be found on the in-
ternet. Look at Wikipedia (reference 1) among 
other things. I will therefore confine myself to 
adding only a few comments.

There are many ways to display the properties of 
humid air in tables or graphs. The two best known 
are the Mollier diagram and the Psychrometric 
chart. Application and tradition are reasons for 
there being various forms.

The Psychrometric chart, as found frequently on the Internet in an edition of Carrier Corporation. This view 
is in SI-values and on sea level. There are other versions with USA values, but also on higher heights above 
sea level.



What can the Psychrometric chart 
show us?

Some important parts of the Psychrometric chart 
are explained below.

The X and Y axes
The X-axis depicts the temperature in °C which 
is also known as the “Dry-bulb” temperature. The 
Y-axis represents the moisture content in the air 
in g/kg which is also known as Absolute Humid-
ity (AH).

The saturation curve
The curve on the far left of the chart indicates the 
maximum water vapour content of the air in g/
kg at every temperature. This line is known as the 
saturation curve.

Example 1 
We find that the air at 30 °C may contain an approx-
imate maximum of 27 g/kg of water vapour. At 0 °C 
it is only about 3.5 g/kg. This means that as satu-
rated air of 30 °C is cooled to 0 °C, (27 - 3.5) = 23.5 
grams of water vapour will need to be condensed.

The Relative Humidity (RH %) curves
A number of curved lines are marked with 90%, 
80%, 70% and so on. The lines represent the rel-
ative humidity, or the RH in short, of the air at a 
specific temperature and humidity. The RH is the 

ratio of the actual moisture content to the maxi-
mum moisture content.

Example 2 
At 20 °C, the air can contain an approximate max-
imum of 14.7 g/kg of water vapour. If the actual 
moisture content is 10 g/kg, then we show that 
with an RH of 10/14.7 * 100% = 68%.

Reading the Absolute Humidity (AH g/kg)
Conversely, the absolute moisture content of the 
air can therefore also be determined from the 
temperature and the RH. Suppose that the air 
temperature is 16 °C and the RH is 60%. From the 
graph, we are able to determine that the mois-
ture content of the air is approximately 6.5 g/kg.

Note: g/m3 is an alternative unit of Absolute 
Humidity, which can be obtained by means of 
conversion. At 20 °C, the weight of 1 m3 of air is 
approximately 1.2 kg.

Reading the dew point (Td oC)
The dew point is the temperature at which the 
water vapour in the air starts to condense. This 
can be determined from the Psychrometric chart 
if the temperature and the RH are known.

Example 3 
The air temperature is 21 °C and the RH = 80%. The 
moisture content is then about 12.5 g/kg. By going 
along the line on the left we find the point at which 
it intersects with the saturation curve and then read 
the corresponding temperature from the X-axis. 
This is the dew point and has a value of about 17.5 
°C.

The energy content of the air (enthalpy) kJ/kg
Another property of air is its energy content, also 
known as enthalpy. This is expressed in kJ/kg (ki-
lojoule / kilogram).

Application of the Psychrometric chart in regu-
lating the greenhouse climate
Evapotranspiration of the plants plays an im-
portant role in controlling the environment 
for growth in the greenhouse. The plant needs 
evaporation not only to cool itself from the sun’s 
excess radiation, but also to absorb nutrients 
from the soil. Due to plants’ evapotranspiration, 
moisture occurs in the greenhouse. This can lead 
to problems if insufficient moisture is simultane-
ously eliminated from the roof of the glasshouse 
through condensation or by means of ventila-
tion. Furthermore, the greenhouse temperature 
is important because the plants are not to be-
come too cold nor too hot

Therefore, in practically any kind of climate con-
trol, the air temperature and the RH is measured 
in order to monitor and, if necessary, correct the 
conditions of the greenhouse. These measure-
ments can, however, create a false impression of 
what is happening in the greenhouse.

In order to prevent the condensation of water 
vapour on the fruit, the absolute humidity in the 
greenhouse ought not to rise too quickly.

The energy content consists of two parts, namely 
perceptible energy and latent energy. The per-
ceptible energy is the energy required to heat 
the air from 0 °C to its current temperature. The 
latent energy is the energy required to evaporate 
the water vapour present in the air. Completely 
dry air (RH = 0%) at a temperature of 0 °C there-
fore, by definition, has an energy content of 0 kJ/
kg.

From the graph we find that the energy content 
of dry air at 20 °C is approximately 20 kJ/kg. The 
heating energy of dry air is therefore about 1 kJ/
kg. The energy content of the same temperature 
and a moisture content of 15 g/kg is almost 60 
kJ/kg, meaning that the evaporation of the 15 
grams of water has taken approximately 60 - 20 
= 40 kJ. This indicates that the latent part of the 
energy is often higher than the perceptible part. 
The energy content of the air is important in de-
termining the ventilation capacity required for 
greenhouses. See the applications mentioned 
below.

If the structure of the greenhouse is colder than the 
dew point temperature then water vapour from the 
air condenses.



Example 4 
Suppose it is 16 °C with a RH value of 90% in the 
morning. The greenhouse is heated to 20 °C by solar 
radiation and the RH then decreases to 85%. One 
would have then thought that the moisture con-
tent in the greenhouse would decrease. However, a 
look at the Psychrometric chart shows something 
different. As it happens, the Absolute Humidity (AH) 
at 16 °C and 90% RH is approximately 10 g/kg. At 
20 °C and 85% RH, the AH is nearly 12.5 g/kg. In 
reality, the humidity has not decreased, but rather 
has increased by 2.5 g/kg! As a result of the plants’ 
evapotranspiration, more moisture is to be found in 
the air than has been dissipated. 

This might not appear to be a problem, but it 
can become one if the air temperature increases 
rapidly due to solar radiation. Initially, the dew 
point of the air (16 °C and 90% RH) was equal to 
about 14 °C. Later on, the dew point (20 °C and 
85% RH) had risen to 17.5 °C. The plants and large 
fruit, such as tomatoes, cucumbers or melons, in 
particular, heat up much less quickly at the bot-
tom of the greenhouse where the solar radiation 
has less penetration, than the air temperature of 
the greenhouse. This causes the moisture in the 
greenhouse air to condense on the cooler plants 
and fruits, which can give rise to considerable 
damage because fungus and diseases, such as 
Botrytis, will develop rapidly as a result.

In order to prevent this, we must therefore en-
sure that the increase in the dew point of the air 
does not occur quicker than the warming of the 
cold plants and/or fruits. In particular, this means 
that the AH of the air in g/kg (or g/m3) ought not 
to increase too rapidly. This can be determined 
from the Psychrometric chart if the temperature 
and the RH are known.

If, at the end of the day, the greenhouse cools as 
the sun is setting then there should not be a prob-
lem. The plants and the fruit are subsequently 
heated up and they will usually cool down slower 
than the greenhouse air and thereby reduce the 
risk of condensation. Along with this, howev-
er, another risk comes into play: cooling due to 
long-wave heat radiation. This phenomenon is 
beyond the scope of this document and will not 
be commented on further.

There are also other situations where being ac-
quainted with the Psychrometric chart is import-
ant in providing a good understanding of the 
workings of the greenhouse environment. One 
of these occurs at low exterior temperatures. It 
may happen that the exterior temperature is sig-
nificantly lower than the greenhouse tempera-
ture and that the humidity outside is quite high.

Example 5 
It is 18 °C with an RH of 70% inside the greenhouse 
and 5 °C with an RH of 70% outside. When the sun 
shines, some gardeners are inclined to open the 
ventilation windows a little in order to remove the 
moisture from plant evapotranspiration. They, 
however, expect it to be ineffective because both 
the indoor and the outdoor RH are equal to 70%. 
Nevertheless, in reality they notice than the RH in 
the greenhouse diminishes rapidly which is unfa-
vourable for the growth environment. The explana-
tion is of course that the Absolute Humidity inside 

The energy content outside is approximately 55 
kJ/kg. Therefore, (69-55) = 14 kJ/kg is lost by ex-
changing greenhouse air with outside air.

This means that per hour and per m2 of green-
house surface a quantity of air equal to: 500 [W/
m2] x 60 [sec] x 60 [min] / 14.000 [J/kg] = 128 [kg/
m2.hrs] needs to be exchanged. 

This quantity is equal to approximately 107 m3/
m2.hour (divide by 1.2 kg/m3). In a 5 metre high 
greenhouse this means that the entire contents 
of the greenhouse will need to be completely 
replaced with outside air approximately 21 times 
an hour.

The Psychrometric chart shows us that the dis-
sipation of energy through ventilation depends 
not only on the interior and exterior air tempera-
ture of the greenhouse, but also on the humidity 
both inside and outside. In fact, humidity often 
has a stronger influence than the temperature. 
Consequently, a high RH in the greenhouse to-
gether with and a low ventilation rate has the 
same effect on the greenhouse temperature as 
a low RH together with a high ventilation rate. 
However, a high RH together with plenty of so-
lar radiation is more favourable for the plants. 
Many gardeners, however, are inclined to widely 
open the ventilation windows in hot weather be-
cause they fear that it will become too hot in the 
greenhouse.

is much higher than outside. It is approximately 
9 g/kg at 18 °C and 70% RH. At 5 °C and 70% RH, 
the AH is approximately 3.5 g/kg. Even a small vent 
will allow a considerable amount of moisture to be 
eliminated from the greenhouse. When there is a 
large difference between the interior and exterior 
AH, ventilation ought to be done very carefully.

Example 6 
A final situation concerns the calculation of the 
ventilation rate should the greenhouse become too 
hot due to solar radiation. We will use a simplified 
calculation example to show how this can be done.

Imagine that 500 W/m2 of energy is placed in the 
greenhouse through solar radiation. The tempera-
ture is 27 °C and the RH is 75% in the greenhouse. 
Outside, the temperature is 25 °C and the RH is 60%. 
The question we now ask is how much energy is lost 
by exchanging 1 kg of greenhouse air with 1 kg of 
outside air.

For this we need to calculate the energy content 
of the air. In the greenhouse, the energy content 
(enthalpy) is approximately 69 kJ/kg. 



Conclusions and recommendations

The abovementioned examples show how apply-
ing the information given by the Psychrometric 
chart is important for controlling the green-
house environment. It provides a better insight 
into what is actually happening in the transfer 
of moisture and energy in the greenhouse. The 
effects of taking specific measures also become 
much clearer. These effects sometimes are in di-
rect opposition to what we “feel”.

As a horticulturist, it is therefore worthwhile to 
gain more insight into the scientific background 
of the greenhouse environment and the relation-
ship between temperature, humidity and ener-
gy, in particular, according to the Psychrometric 
chart.

The result is a higher production and better qual-
ity due to a better environment for plant growth, 
which includes less plant condensation problems 
and also less plant stress during intensive solar 
radiation.

“     Every grower should know the 
Psychrometric chart by heart.”

We can use the Psychrometric chart to gain more 
insight into the physical processes in and around 
the greenhouse. But always having to read the 
chart is sometimes inconvenient.

It is therefore useful that various digital Psychro-
metric charts are available on the internet. These 
digital versions calculate all kinds of psychromet-
ric data based on the temperature and humidity 
entered. 

Unfortunately, these calculation programmes are 
not always intended for use in the agricultural 
sector, but rather for people working with refrig-
eration or air conditioning in office buildings, for 
example. They also sometimes operate in differ-
ent units which makes them difficult to use.

A digital Psychrometric chart, specially devel-
oped for horticulture and greenhouse climate 
control can be found on the LetsGrow.com web-
site (reference 3).  This digital psychrometric chart 
can be used to separately calculate the data in 
the greenhouse, outside, and even relating to the 
plant as well as any differences. An example is the 
difference between interior and exterior absolute 
humidity. It, therefore, provides many insights 
into climate control.

An application derived from it has been made 
available by the innovative company 24green.
com: the PsychroCalc App. Because this psychro-
metric chart runs on so-called App technology, it 
is available on your PC and/or Smartphone any-
time and anywhere and is quite handy for every-
day use (reference 4).

PsychroCalc app
The PsychroCalc App makes it possible to enter temperature and humid-
ity in and outside the greenhouse. As a result a number of data like AH, 
dew point and enthalpy, are shown. The difference between greenhouse 
air and outdoor air are automatically calculated.
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