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Preface

On the occasion of a visit by a delegation of Japanese scientists, IMAG-DLO in cooperation with
the Research Station for Floriculture and Glasshouse Vegetables in Naaldwijk organized a seminar
on closed production systems on September 11th, 1995.

Both, Japan and the Netherlands have common problems in glasshouse horticulture. in these
densely populated countries, emissions of nutrients and chemical pesticides lead to pollution of
the environment. Closed production systems may be one of the solutions to decrease
environmental pollution by glasshouse horticulture.

In the seminar several aspects of closed production systems were orally presented. Discussion
between the participants led to a better understanding of one another’s problems and their visions
on the future developments.

This report contains the written contributions of the participants and can be seen as the
proceedings of the seminar.

| hope that publication of these proceedings will lead to a fruitful cooperation between the
participants, not only on a level of exchanging ideas but also on a level of cooperative execution
of research projects.

Ir. A.A. Jongebreur
director
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Introduction

Both Japan and the Netherlands have large areas with protected cultivation, which have many
similarities, but also many differences. In Japan, there is more than 50,000 ha of greenhouses (glass
as well as plastic covering). However, mainly plastic (48,000 ha) is used as covering material
because of the frequently attacking typhoons and, related to this, the low costs of investment for
renewal. In the Netherlands, on the other hand, 99% of the covering material is glass, because of
light transmission and climatic conditions. Another difference is the size of a holding. In Japan,
the size of a holding varies between 1000 and 2000 m?. In the Netherlands the overall average size
has increased to more than 1 ha for vegetable production. This figure is expected to increase
further. Newly built holdings have a size of at least 2 ha.

Whilst in Japan the vegetable production under glass and plastic (35,000 ha) is far more important
than floriculture, flower production in the Netherlands occupies the same area (4500 ha) as
vegetable production. Besides, the production of pot plants is very important in the Netherlands,
while Japan has an important area with fruit trees.

For production and quality reasons a change can be noticed from soil towards soilless production
methods in the Netherlands. Additionally, for environmental reasons a change from open systems
towards closed systems can be seen. At the moment the area with soilless cultures is approx.
5000 ha (of which 3500 ha is vegetables). A change to soilless growing systems is highly feasible
for crops with only a few plants per m’, by which an increase in yield can be expected. Tomatoes,
sweet peppers, eggplants and cucumbers are the main vegetable crops, while roses, gerbera,
anthuriums and orchids are the main flower crops. Lettuce, radishes and chrysanthemums are still
grown in soil, because the high number of plants per m? and the low prospects for an increasing
yield make it hardly feasible to change to soilless growing systems.

Solid substrates, such as rockwool, perlite and polyurethane foam, are mostly used (95%) for
vegetable and flower production in the Netherlands. One of the reasons is the buffer capacity of
the solid substrates. Making mistakes is not immediately a disaster. In Japan there is 500 ha with
soilless growing systems, of which approx. 75% uses a system with water as substrate: nutrient film
technique (NFT) and deep flow technique (DFT). The crops grown also vary: not only tomatoes, but
also lettuce, mitsuba, strawberry and Welsh onion.

In the Netherlands there is a great concern about the risks of spreading pathogens all over the
nursery in closed growing systems, and related to this there is the question of how to disinfect the
nutrient solution. In Japan this concern does not seem to exist. There is hardly any grower who
has disinfection equipment at his nursery. One of the reasons is the high investment necessary to
buy this equipment, which make it more difficult for small (Japanese) nurseries, than for bigger
(Dutch) nurseries. This may also be an explanation for the different growing systems in the two
countries. In the Netherlands, NFT demands a much higher water use, which has to be disinfected
(50 m*/h). This is a reason for the Dutch grower to choose solid substrates, with which only 30%
of the supply water has to be disinfected (2.5 m’/h).

Both countries have to face similar problems for the near future: how to get well skilled labour.
In Japan there is a lack of successors to the present generation: the status of work is low, and
outside the horticultural sector one can earn more money. This is a reason to look for more
automation and to have robots do the work. Also in the Netherlands, the status of work is rather
low, but work force for glasshouse horticulture can be achieved in the coming years. Here, reasons
for automation and introduction of robots are the decrease of costs. Closed production systems
may be a help to find solutions.

The seminar on closed production systems with participation of Japanese and Dutch scientists was
a good occasion to exchange recent ideas and developments in this field. The presentations by the
participants were divided into the following subject areas: the use of environmental friendly
materials, the control of the recirculating solution and new production systems.

I would like to thank all speakers for working out their papers into a written contribution.
Furthermore | also hope that the proceedings of this seminar may lead to a better understanding
of each other and to a fruitful cooperation and execution of joint projects.

Erik van Os
convener
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New design for greenhouses for low environmental
impact

Hiromichi Toyoda
National Research Institute of Agricultural Engineering
Kannondai 2-1-2, Tsukuba, Ibaraki 305, Japan

1 Introduction

Greenhouse production is becoming more important in Japan. In 1993 the area was about
50,000 ha, 1% of the cultivated area in Japan. In spite of the small ratio, greenhouse
production has its important role in Japanese agriculture. Currently, there are several
vegetables that are mainly grown in greenhouses. For example, 66% of tomatoes, 60% of
cucumbers and 60% of bell peppers are grown in greenhouses (Table 1). Greenhouse
production is becoming more important for the food production in Japan.

Growers are most interested in profitable crops. On the other hand, the ageing of growers and
the shortage of farm successors is a serious problem in Japan. It is necessary to reduce labour
requirement and the costs of greenhouse construction. In addition, the greenhouses should be
labour-friendly and have a low environmental impact. Low environmental impact in
greenhouse cultivation is necessary, not only to achieve an improved productivity but also for
the preservation of living and agricultural production environment.

2 Greenhouse design considered for low environmental impact

Several structural components for low environmental impact are considered in this study, which
include:

1 Greenhouse size
A larger sized greenhouse is desirable, which may justify the investment of equipment
for recirculation systems of drainage water, fertilizer, etc.

2 Disposal of covering film
In Japan, waste plastic film in agriculture amounts to 189,494 ton per year, of which
47% comes from greenhouses. Recycling of used film, however, is limited; only 27% of
waste plastic film is recycled. For example, PVC film is most used for greenhouses (85%
of all greenhouses) and amounts to 56% of waste plastic film. Only 45% of waste PVC
film is recycled for PVC production. Incineration of waste PVC film amounts to 23% of
waste PVC film. It is necessary to establish a collection and recycling system for waste
plastics to lower the environmental impact.

3 Improvement of covering material
Development of long-life film contributes to a reduction of waste film. Use of
biodegradable plastics also reduces the environmental impact.

4 Greenhouse site selection and construction design
Construction, location and arrangement of greenhouses have to be considered at the
planning stage. For example, application of natural energy (geothermal, hot spring, etc.)
for greenhouse heating reduces fossil fuel consumption. Energy saving is important. In
addition, saving material in constructing greenhouses leads to a saving of natural
resources and to low costs.



3 Study of air-supported (bubble) greenhouse

In order to realize the above-described conditions for designing a greenhouse, the feasibility of
using an air-supported greenhouse for agricultural production was studied.
The advantages of this type of structure include:

1 possibility of making a long span and a light structure;

2 increase solar radiation transmission due to less structural components;

3 possibility of using a larger tractor in the greenhouse to compensate for the labour

shortage problem, due to the ageing of farmers and shortage of farm successors.

As a first step of this study, the environmental characteristics of the air-supported greenhouse
(referred to as air-house in this paper) such as solar radiation, temperature, humidity, heat
transfer, air pressure in air-house, and ventilation were investigated.
The investigated air-house is located at Tsukuba, Japan. The floor space is 900 m* and the
maximum height is about 8 m. The air pressure in the air-house was by about 5 mm H,O higher
than the atmospheric pressure. The PVC film is used as covering material, and it is held by a
13 cm mesh net from the outside. Cucumber is the major crop in the house.

4 Results

The transmittance of solar radiation is observed to be about 70% for both summer and winter
days. This value is the same for the PVC film after one year of use. This shows that the air-
house has a better solar radiation transmission, compared with a conventional greenhouse, due
to less structural components.

The temperature in the air-house has extremely high variations due to the fluctuations in solar
radiation. In summer, the peak difference of the inside and outside temperatures is about

30 °C on sunny days, while the inside temperature rises to 60 °C.

The relative humidity in the air-house is lower than outside. On the other hand, absolute
humidity in the air-house is higher than outside. This is caused by the very high temperatures
in the air-house.

The high temperature gradient was caused by poor ventilation. It has been calculated that the
air renewal was only 5-6 times an hour, which is much less than that of an ordinary
greenhouse, there it is only 0.1 or less.

Therefore, the daytime heat balance is considered for different times of the year. The heat due
to solar radiation in summer is twice of the one in winter, but the contribution (in percentage)
of heat dissipated through various means is almost the same. The ratio caused by ventilation is
about 45%, that caused by transmission through the covered film is about 35% whereas the
ratio caused by heat transfer to the ground is about 20%.

It was found that the ratio of heat dissipated due to ventilation is too little to control the high
temperatures in the air-house. One approach to improve the high temperature situation in the
air-house, may be the use of sun shades as an effective way to reduce the solar radiation load.
Therefore, one of the important problems of the air-house is to increase the ventilation rate,
while the shape of the air-house is maintained.

5 Conclusions

The results from this investigation are summarized as follows:

1 very high temperatures were observed in the air-house on sunny days in summer;

2 by calculating the daytime heat balance, it was found that the ratio of heat dissipated
because of ventilation, is too little to control high temperatures in the air-house.
Therefore, it is necessary to increase the ventilation or to use sun screens for the
improvement of the environment in the air-house.

In spite of some environmental engineering problems that were observed, the air-house should
be further investigated for its apparent advantages: less quantity of construction material,
more efficient use of solar radiation, more economical recycling system, and easier access to



machinery. The air-house has a potential in meeting Japanese agriculture needs: lowering
labour requirement and lowering environmental impact.
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Table 1: Major vegetable crops in greenhouses; planted area and production

Crop Planted area Production

1. 2. 3. 4, 5. 6.

Total Green- Ratio Total Greenhouses Ratio

houses 2./1. 5./4.
(hundred (hundred

(ha) (ha) (%) tons) tons) (%)
Eggplant 16,000 1,694 11 5,194 1,524 29
Tomato 14,000 7,041 50 7,717 5,079 66
Cucumber 19,000 7,182 38 8,989 5,334 60
Sweet pepper 4,460 1,491 33 1,665 1,006 60
Strawberry 9,350 7,377 79 2,086 1,919 92
Water melon 21,400 3,652 17 7.367 1,446 20
Outdoor melon 16,400 8,303 51 3,577 2,090 58
Greenhouse melon 1,340 1,340 100 395 385 100




Ventilation of screened greenhouses for insect
control

Sadanori Sase
National Research Institute of Agricultural Engineering
Kannondai 2-1-2, Tsukuba, Ibaraki 305, Japan

1 Introduction

Alternatives to the use of chemical pesticides in greenhouses must be found, to realize a
sustainable greenhouse industry in the near future. Environmental considerations are expected
to be a dominant consideration in greenhouse technology in the coming decade. The potential
of discharging any chemicals into the environment and the occupational exposure of workers
shall be reduced or eliminated, if possible. The control of insects will be substantially simplified
if the entry of insects can be reduced. It is important to avoid the entry of insects via the
ventilation.

Screening to keep insects out of the incoming air during ventilation is one measure. However,
screening affects the greenhouse environment during ventilation, because the screens increase
the resistance to the airflow through the ventilator openings. The effect of screening on the
airflow shall be known and this effect shall be accounted for the design and management of
the ventilation system.

This paper describes an overview of the studies with engineering aspects on screening
greenhouses by Sase and Christianson (1990), and Huang et al. (1992). A number of screen
materials proposed for use in greenhouse applications were tested to determine the discharge
coefficients; these parameters are presented. A procedure for utilizing the screen discharge
coefficient to calculate the area of screened ventilation opening required for a given forced
ventilation system is proposed. For natural ventilation systems, a simulation model was used to
study the effect of screening on ventilation rate and internal temperature increase for a
single-span greenhouse. The same model was used to investigate ventilation improvements
that can be achieved by increasing the screened inlet areas in a conventional natural
ventilation system. Field tests were carried out to investigate the effects of screening on the
internal temperature under natural ventilation.

2 Methods

Eight screen materials were tested in the Bioenvironmental and Structural Systems Laboratory
fan test chamber at the University of lllinois. All materials tested were new and clean except
for a sample. Screens were mounted, tautly stretched into a plywood frame with an open face
area of approximately 0.9 m on a side. The exact face area was measured for each screen
tested, and that area was used to compute the approached air velocity. Then, each
plywood-framed screen sample was clamped to the test face of the fan test chamber. The
approach velocity was varied, using a variable pitch supply fan, and then the static pressure
across the screen was measured. The discharge coefficient for relating the approach velocity to
the square root of the imposed pressure was determined statistically.

For natural ventilation systems, the computational procedures developed at the National
Research Institute of Agricultural Engineering in Tsukuba was used to estimate the ventilation
rate and the temperature rise (temperature difference between internal and external air)
under a steady state condition. The simulation of natural ventilation was conducted on a
typical single-span greenhouse equipped with continuous hinged ventilation windows on side
walls and ridge. The internal net radiation above the plant canopy, the wind velocity at a
height of 10 m, the wind direction and the external air temperature are input weather
conditions. The internal net radiation of 500 W/m2 above the plant canopy was assumed as a



value under high solar radiation. Half of the internal net radiation was assumed to be
transported as sensible heat.

Two side-by-side plastic greenhouses were constructed for the screening experiments. One was
screened with a commercial screen with 26 threads/inch in either direction. As the other one
was used as a reference, no screen was installed.

3 RESULTS
3.1 Determination of discharge coefficients

For all materials tested, the pressure drop was found to vary linearly with the square of the
approach velocity. The discharge coefficients of the screen materials tested ranged from 0.07 to
0.48. The value for the Vispore screen with 400 holes/inch’* was the smallest. The Vispore
screens have male and female sides. The insects are less likely to pass from the male side to the
female side, although the discharge coefficient for this direction was slightly smaller than for
the other way. For a dirty screen, which had been in service for three years, a reduction by
about 20% of the discharge coefficient was found.

3.2 Design considerations for forced ventilation systems

For forced ventilation systems, a common criterion for greenhouse air iniets is to design
ventilator opening control systems, so that the pressure drop across the ventilator is about
2.5 mm of water pressure. At the maximum ventilation rate the ventilator should open at least
wide enough, so that this velocity and pressure drop across the ventilator are not exceeded.
The designed approach velocities were calculated for the materials using the following
assumptions:
- the ventilator opening can be adjusted so, that for the window alone the pressure drop
across the window at the maximum ventilation will be 0.8 mm w.g. (water gauge);
- the inlet area of the screen is designed so that the pressure drop across the screen alone
will be 0.8 mm w.g.;
- the screen will be cleaned when the pressure drop across the screen and the ventilator
passes a total 2.5 mm w.g.
The inlet opening area can be given by the required ventilation rate divided by the designed
approach velocity. The designed approach velocity ranged from 0.25 m/s to 1.71 m/s.

3.3 Simulation studies on effects of screening on natural ventilation systems

For the simulation of the natural ventilation, the results showed that the ventilation rate (and
the temperature rise) did not vary significantly at a wind velocity lower than approx. 2 m/s for
every screen discharge coefficient. Wind direction had little effect. As the natural ventilation at
a low wind velocity is most important under high solar radiation, all discussions below were
made at a wind velocity of 1 m/s.

The temperature rise increased rapidly with a decrease in the discharge coefficient of the
screen, when the discharge coefficient of the screen was less than 0.2 to 0.3. For example, the
temperature rise for the discharge coefficient of the screen of 0.05 was approx. 10 °C, while
without screening it was 6.1 °C at an angle of ventilator opening of 10°, and 2.8 °C at an angle
of the ventilator opening of 50°. On the other hand, the temperature rise did not significantly
vary for a higher discharge coefficient of the screen. This is due to the fact that the overall
discharge coefficient of the ventilator opening with screening depends dominantly on the
smaller discharge coefficient among the discharge coefficients of the ventilator opening and
the screen if the difference of discharge coefficient between them is large.

The ventilator area requirement to achieve the same ventilation rate as that without screening
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was calculated under the condition of the same screen area as the window area. It was shown
that 145% of the original area was needed to achieve the discharge coefficient of the screen
of 0.5, 202% for 0.3 and 536% for 0.1.

The third calculation was carried out for the design of the screening. If the ventilators are fixed
and have no possibility of being reconstructed wider for the installation of screens, an increase
in the screen area itself is a practical alternative to reduce the airflow resistance and increase
the ventilation rate. It was shown that the ratio of the ventilation rate with screening to that
without screening increased logarithmically with an increase in the area ratio of the screen to
ventilator. For example, when the discharge coefficient of screen is 0.5, the ventilation rates
were (.78, 0.92 and 0.96 for the area ratios of the screen of 1, 2, 3, respectively. With the
discharge coefficient of screen of 0.1, the ventilation rates are only 0.30, 0.49 and 0.62 for the
area ratio of the screen of 1, 2, 3, respectively. To achieve 80% of the ventilation rate without
screening, it was shown that the screen area of 1.1 times as wide as the ventilator area was
required for the screen with a discharge coefficient of 0.5, 1.8 times for 0.3, and 2.7 times for
0.2.

From the temperature rise point of view, the area ratios of the screen of 0.78, 1.29 and 1.94
were realized for the screens with discharge coefficients of 0.5, 0.3 and 0.2, respectively. A
temperature increase of 1 °C compared to no screening could be acceptable. If the screens with
discharge coefficient of 0.1 or less are required to keep the insects out, the greater
temperature increase may be unavoidable. For example, the temperature increases by 1.4 °C
and 3.1 °C over the temperature without screening was shown for the screens for discharge
coefficients of 0.1 and 0.05, respectively, even if the screen area was up to 3 times as wide as
the ventilator area. However, the installation of a wide screen may cause the decrease of
sunlight transmitted and structural difficulties. This shall be taken into account in the design of
the screening as well.

3.4 Field experiments

The field experiments showed that the internal temperature difference between screening and
no screening was 2-3 °C on a sunny day, although the screen installed was not very fine. The
difference depended on external wind velocity and solar radiation. The vertical temperature
difference in the greenhouse with screening was higher than that of the greenhouse without
screening. Particularly, the top region below the roof cover was warmer than that without
screening. The screen material on the ridge ventilators seemed to reduce the outflow of air
through the ridge opening.

4 CONCLUSIONS

Coefficients of discharge were determined for a number of screening materials for greenhouse
use. More information is needed on the effects of the accumulation of dirt on the discharge
coefficient. A design recommendation was proposed for forced ventilation systems, based on
an initial pressure drop across clean screen material and a fully open window of 0.8 mm w.g.
each at full ventilation. Simulation studies showed that the discharge coefficient of the screen
can be the dominant parameter in the ventilation rate of natural systems. With a discharge
coefficient of 0.05, a screened greenhouse will have about 1/3 the ventilation rate of an
unscreened greenhouse when there is no wind.

Based upon the results, it is clear that the use of screening on greenhouses will have significant
effects on the design and performance of the ventilation system. Maintaining the required
ventilation rate will be especially difficult when very fine screening is required to keep the
insects out of concern to the grower.
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Materials for sustainable production systems

Peter van Weel
Research Station for Floriculture and Glasshouse Vegetables
P.O. Box 8, 2670 AA Naaldwijk, The Netherlands

1 Introduction

The Dutch government has defined the environmental aims for future production systems.
The major goals to be achieved are:

- reduction of emissions to water and air;

- reduction of non-recyclable waste materials;

- reduction of the use of non-renewable resources.
The sustainable encapsulated production system is considered to meet these requirements. In
the research programme "Development and Evaluation of closed production systems", the
Research Station for Floriculture and Glasshouse Vegetables has used these considerations as a
starting point.

2 Considerations for the design of a production system

Sustainability of a production system can be defined as a minimized pollution and minimized
consumption of non-renewable materials during the entire lifecycle from raw materials to
destruction. Sustainability of a system can be obtained with the following measures:

- along life span;

- use of materials with a low energy requirement for their production, transport and

recycling;
- systems with low energy requirements during their use;
- use of renewable or recyclable materials.

2.1 A long life span

The life span usually ends before the technical life ends, because of technical, social or market
developments. This means that a long life can only be achieved if a system is prepared for
future developments. A modular construction method can improve the flexibility of a system to
be modified against low costs. Flexibility is also required in the possibilities to move to other
types of products. Automation of all kinds of tasks is a sure development in the coming 10-20
years. The system should also be prepared for that. Technical life depends on the defined
functions of the system. Examples are: absence of leakage, production level, costs. If the
maintenance costs to keep the system functioning within the predefined requirements, rise too
much, this will lead to the removal of the system. Maintenance should be scheduled and
incorporated in the system'’s design. For closed production systems, the substrate plays an
important role for the production level. It should be possible to keep the characteristics of the
substrate within narrow limits. Measures such as steam sterilization, filtering and washing etc.
should be possible at low costs to extend the life span of a substrate. The system’s design shall
be adjusted to allow for these operations. Requirements are: temperature resistance, optimum
drainage of water, mechanical strength.
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2.2 Materials with low energy requirements

There is much difference in the amount of energy required to produce, transport and recycle
various kinds of materials. These differences can be due to geographical, technical or
organizational factors. In general, materials shall be preferred that are produced in bulk and
suitable for multiple purposes, because such materials usually are low-cost, largely available
and produced nearby. Sometimes the energy required to produce a material is many times
more than the energy required to recycle it. Aluminium is a good example. In that case the
material should be chosen only if a good recycling programme has been organized and the
characteristics of the material after many cycles of recycling do not deteriorate too much.

2.3 Systems with low energy requirements

Control of the substrate temperature becomes more difficult in above-ground production
systems. Heating and cooling become important and can easily lead to extra energy
consumption compared with production in the greenhouse soil.

Insulation measures and, if possible, thermal contact with the greenhouse soil are important
measures to reduce this extra energy consumption.

2.4 Use of renewable and recyclable materials

Renewable materials such as agricultural products or energy from wind or sunlight should be
preferred, unless a good recycling programme has been established. A grower should never
buy a material that can only be removed by dumping or burning, because future removal of
such materials will become a financial risk. Recycling should where possible lead to as little as
possible deterioration of the material properties to obtain a high economic value.

Costs for removal, cleaning and transport of the material should be in relation with the value
of the raw material. This means, for instance, that the use of thin plastic liners with a short life
cycle will automatically lead to a financial problem for the recycling phase. A thick material
with a long life reduces the recycling costs.

3 Results

Simulation studies have indicated that the emission, energy consumption, exhaustion of
non-renewable resources and some other environmental effects per unit of marketable product
can be estimated and used to compare production systems. The life cycle analysis method of
the University of Leiden in the Netherlands is a suitable tool for this purpose, since it translates
the effects of all kinds of substances into the effect of an equivalent in kilograms of a
substance with well-known effects.

A case study of various open and closed production systems for roses and tomatoes have
indicated that the energy needed to heat the glasshouse is responsible for the major part of
the emission and consumption of non-renewable resources (gas). The energy contents of the
glasshouse and everything in it, equals only a couple of months of heating energy, which
makes it relatively unimportant to try to reduce that. The same is true for waste materials. If a
non-recyclable substrate is being used and the production cycles are much shorter than the
expected life of the glasshouse system, the volume of waste materials is usually very high. In
that case trying to reduce the amount of dismantling waste has a lower priority 