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Good morning,
I am Feije de Zwart and I am working for almost 20 years on the area of
energy application in horticulture.
During the past 5 years, research on closed has been my major field of
research. This has even intensified the past year since I am involved in all
measurements and data processing of the three demonstration greenhouses
at the Bleiswijk Innovation and Demonstration Centre (IDC).
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Glasshouse horticulture in northern hemisphere
winter

40 m³/m² per year

In winter we want to keep a favourable temperature in the greenhouse. But in
northern latitudes, the radiation is low, just like the outside temperature and
therefore we use heating. A typical figure for the year round energy
consumption of common greenhouses in the Netherlands is some 1200 MJ,
which can be obtained by burning 40 m³ of natural gas.

2

24/09/2009

Glasshouse horticulture in northern hemisphere
summer
50 m³/m² per year

In summer, there are many days with high temperatures and high radiation
levels. Then the vents have to be opened.
As an order of magnitude, with the ventilation of warm and humid air, 50 m³ of
gas equivalents (g.e.) is ‘thrown away’
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Using summer surpluses for winter

With these figures, at first sight, it seems to be easy to save energy. When
the summertime heat excess could be harvested in a storage system and be
applied in winter, the entire heat demand could be covered with sustainable
energy.
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A large number of fundamental problems


Heat must be harvested at low temperatures


Large heat exchanging surfaces or considerable electricity
consumption for driving ventilators



Heat must be stored for half a year



Small ∆T results in large storage volumes (around 30 m³ of
water per m² greenhouse)




In practice, only aquifer heat storage gives possibilities

Temperature will drop during storage


A heat pump is essential

However, this is much to simple. There are a number of fundamental
problems.
Since greenhouses need the solar light for the growth of plants (especially
when growing vegetables) the energy surplus is in air at a temperature level
around 25 to 30 °C. Harvesting of this energy can only be performed at a
surface at a lower temperature. This means that the harvested heat has a
theoretical maximal temperature slightly below the air temperature. However,
to keep the costs of the cooling devices acceptable, the energy is harvested
at typical temperatures of 18 to 20 °C.
Due to temperature losses at heat exchangers and degradation of heat, after
storage this water it will be available for heating at a temperature level around
16 °C. This is far too low for heating for most horticultural production systems
and therefore a heat pump is essential.
This heat pump ‘produces’ cold water, but the electricity consumption of the
heat pump will increase as the temperature of the cold water becomes lower.
The freezing point is the lowest possible temperature for storage in aquifers,
but to limit the electricity consumption a temperature 6 to 8 °C is a more
practical level to run a heat pump.
These temperature levels together imply that the difference between the warm
and the well of the aquifer is around 10 °C. Therefore, to store the energy,
some 30 m³ of water per m² greenhouse per year is pumped from the warm
to the cold well and back.
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Development of aquifer temperature

discharging

charging

This strorage of energy in an aquifer can be characterized as a mixture of the
behaviour of a battery and the behaviour of a condensator. When charged with
for example 30 m3 of water with a temperature of 20 oC, the temperature of
the water when the aquifer is discharged will bet 20 oC for something like the
first 10 m3 of water. Then the temperature of the water will decrease like an
exponential decay curve. The end temperature, reached after some 60 m3 of
water pumped out, will be the surrounding temperature. Thus, as long as the
cold well is made colder than the warm well (e.g. 7 oC) an aquifer storage
system is never empty. However, of course the efficiency of the system will
drop as the temperature of the warm well decreases due to the increased
pumping energy required to extract heat from the storage system
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Consequences of the fundamentals



Additional driving energy (electricity) has to be
added to the greenhouse


A fully closed greenhouse will have a serious heat excess

So, because of the low temperatures at which energy can be harvested in
summer, quite a lot of electricity has to be put in. An order of magnitude to
drive pumps, ventilators and the heat pump is 100 kWh/m2 per year. In case
this electricity is produced with Combined Heat and Power (CHP) the energy
input required to run the system is around 25 m3 of gas.
Thus, when comparing the previously mentioned figures of a demand of 40
m3 and a heat excess of 50 m3, after addition of this 25 m3 it is clear that,
on a year round base, a closed greenhouse has quite an energy surplus.
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A fraction of the greenhouse can be closed
15 m³ gas/m²

Mean consumption:
19 m³ gas per m²

25 m³ gas/m²
60% of the
greenhouse area
is not closed

40% of the
greenhouse area
closed

Summertime
storage is 35 m³
g.e. per m² closed
greenhouse

10 m³ g.e. of heat
25 m³ g.e. of heat

That’s why a practical closed greenhouse installation will look like something
as in this picture. Some 40% of the greenhouse complex can be built as a
closed greenhouse. The yearly amount of energy extracted from this closed
fraction is around 35 m3 of natural gas equivalents. 10 m3 of these will be
necessary for heating of this closed fraction, but the remainder could be used
as a heat source for a heat pump of the 60% of the greenhouse that is
operated as an ordinary greenhouse.
For both heat pumps, the above figure assumes that they are CHPDdriven,
which means that the reject heat of the electricity production can be used as
well and that the CO2 from the exhaust gases can be used for CO2
enrichment. However, the nonDclosed fraction still will need an additional CO2
source if it is expected to produce the same amounts of vegetables as the
current nonDclosed greenhouses.
The weighed mean of the primary energy consumption of the two fractions is
19 m3 of natural gas.
Thus, as a rough figure, the closed greenhouse technique can halve the
primary energy consumption of greenhouses.
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Some practical problems



Which devices should be bought



How to achieve a satisfying homogeneity of the temperature
and humidity in horizontal and vertical plane



How to properly maintain the components of the system

However, giving this promising perspective, there are of course practical
problems.
The most difficult part of these are the design of a system that is cheap, but
gives a nice homogenous distribution of the cooling capacity throughout the
greenhouse
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Solutions (1)

For Phalaenopsys, systems that blow the air by tubes into the space beneath
the tables give good results. The air goes up in a homogenous way. However,
care must be taken in the distribution of the outflow of the air along the debth
of the tube. Another problem is that the controllability of the amount of air is
limited. A lower or a higher ventilator speed than the design speed will result
in different distribution of the outflux of the air.

10

24/09/2009

Solutions (2)

Cooling the canopy from above is a good working system as well as long as
there are enough units mounted (something like 1 per 100 m2). The system
shown in the picture circulates 30 m3 per m2 greenhouse per hour. Since the
air flow is constant (to preserve the homogeneity) the cooling power is
controlled by the temperature and flow of the cooling water (and thus
changing the temperature and humidity of the air blown out of the coolers).
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Solutions (3)

There are also systems that blow cold air with tubes beneath the gutters.
These systems can work when the circulating amount of air is big (some 50
m3/m2 per hour). When the air flow is low, giving a certain cooling demand,
the temperature of the air blown out has to be low. This will induce large
gradients in both vertical and horizontal directions.
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Solutions (3)

Here a picture is shown of the working principle of such a system. In the
graph the tube becomes narrower to the end. This would improve the equality
of the air outflow in the depth of the path, but because this is more costly than
a straight tube, there are hardly systems with such a changing diameter.
What is used sometimes is to vary with the numeber or diameter of holes in
the tube.
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Solutions (4)

A forth solution is a system where ventilators and heat exchangers are
mounted between tables.
When the air flow direction is made in the direction as shown in this photo,
there appear to be quite an inequality of temperatures over the tables.
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Solutions (5)

When the air is flowing in the other direction, but with tables with a closed and
insulated bottom (tables for hydro culture) the temperature distribution
appeared to be very good. However, the system that provided the good
results (Hydro Huisman) was very much more expensive than the system in
the former photo.
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And lots of horticultural problems






Cooling of a greenhouse uses less electricity as the
greenhouse temperature increases.
 what temperature is acceptable
Closed greenhouses tend to be more humid than
open greenhouses
 what humidity is acceptable
The one cultivar responds better to a closed
greenhouse climate than the other
 which cultivar is the most appropriate

And then, besides all these technical problems, there are of course a number
of horticultural problems.
The inner climate must be accepteable for the canopy, but also for the
workers.
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Knowledge is fast increasing

However, now there is experience for some 6 years on growing in closed
greenhouses, the views and ideas are coming to be settled out. In the graph
above, which shows the temperatures in an experimental greenhouse of the
Innovation and Demonstration Centre in Bleiswijk, a very good production has
being realised in a closed greenhouse that was built for reasonable costs.
The picture shows the daily mean temperature and the band width of the
temperatures. The greenhouse was certainly not cooler than ordinary
greenhouses, but it was certainly significantly more productive.
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Knowledge is fast increasing

This graph of the humidity in this same greenhouse shows that the humidity is
high compared to ordinary greenhouses. Yet, the canopy is growing well,
although this autumn, just like in ordinary greenhouses, there has to be taken
some measurements to limit the drawback of botrytis. In fact the
dehumidification capacity should have been a bit larger.
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Result in terms of input and output
Results after 9 months from 16 December
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Neverthertheless, in the 9 months since planting the greenhouse showed to
produce 60 kg of truss tomatoes per m2. For Dutch circumstances, this is a
very high production, especially when the moderate gas input (21.8 m3) is
taken into account.
Ik can be seen form this picture that the closed greenhouse has now
accumulated 27 m3 of gas equivalents in the aquifer. The coming 3 months.
Some 2 m3 will be used for heating this greenhouse and the remainder is
available to supply the evaporator of the heat pump of another, nonDclosed,
greenhouse(compartment).
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Thank you for your attention
The research and knowledge transfer around closed
greenhouse is predominantly financed and facilitated by
The Product board of Horticulture in the Netherlands
and
the Ministery of Agriculture, Nature and Food Quality
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