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OPTIONS FOR ENERGY CONSERVATION FOR GREENHOUSE GROWERS1 
 
Energy conservation in greenhouse production is a topic which has become less popular with the 
recent temporary dip in energy prices. It is, however, something we all must reckon with in the 
light of future energy needs by all of society. 
For those of you with a sweet tooth it might be easier for you to remember the following M & 
M's: 
 
MANAGEMENT: Crop selection, reglazing, temperatures 
 MAINTENANCE: Preventative, control calibration 
MECHANIZATION: moving benches, etc. 
MASONRY: Porous floor heating 
MODIFICATION: Blanket installations 
MEMORY: Computer control, data acquisition, monitoring 
 
The sweetest of these three M & M's are mechanization, masonry or soil heating, and 
modification. These can give the greatest return for dollar invested and give the most benefits in 
energy conservation programs. 
  
Mechanization systems can offer arrangements which allow more crops to be produced per unit 
area by increasing bench space in the greenhouse. Traditional benching systems utilize about 
60% of the floor area. Moveable benches provide workspace within the greenhouse and remain 
in the greenhouse. Space efficiencies of 80-86% are possible for longitudinal and peninsula 
moveable bench installations. One drawback of the system comes in removing product from the 
greenhouse through a narrow aisle. An overhead transport bench operating in each bay is often 
used by the grower to overcome this problem. 
 
Transportable benches are moved directly to a work station and are more expensive than 
movable benches, depending upon the system used for transit. Benches roll in and out of a bay 
perpendicular to the main center walkway. Space utilization efficiencies of up to 93% are 
possible. This type of system has a higher materials handling efficiency per worker but is more 
capital intensive. Irrigation systems must be incorporated into the system because of the 
difficulty of watering by hand within the growing area. 
 
There are many well-designed home-built units which have been and continue to be efficient and 
functional. However, there are now many manufacturers of benching systems making it possible 
for the grower to make a choice from a wide selection of systems. 



 
Masonry is, of course, a euphemism for soil heating using heated porous or solid concrete floors 
to produce crops directly on the floor. The response of plants to warm root temperatures has been 
well documented. Benches have been used to elevate plants from the cold soil and, in many 
instances, heating pipes are installed under the benches to increase soil temperature. A common 
problem for bedding plant operators who traditionally have grown on the floor has been the cold 
soil temperature. Neither warm air nor hot water heating systems are able to maintain warm soil 
temperatures without operating the greenhouse at ambient temperatures much higher than 
necessary. 
 
A grower in England popularized the use of porous concrete (that is, concrete made with only 
cement and aggregate, without sand) for greenhouse floors. Porous concrete provides a solid 
surface and controls weeds, yet allows excess irrigation water to drain through. This type of floor 
suggests the placement of pipe in the floor to create a radiant heating system for the greenhouse, 
similar to what has been used in home and industry for many years. Regular concrete has had 
limited acceptance in this application because it is impervious to drainage and causes crop 
damage in low areas, which collect water. However, in the Netherlands there are reportedly more 
than 50 hectares of floor heating using solid concrete instead of porous because growers use the 
ebb and flood system for watering. In effect, the entire greenhouse floor has become a heated-
flooded bench. One of the motivating forces behind this modest trend is the high cost of 
transportable bench systems. 
 
My first experience with porous concrete floors was in 1976, when George Schaeffer of Triangle 
New York, installed a system for heating the porous concrete floor in a 144 feet x 210 feet 
plastic film greenhouse. The system has performed well for eleven season. Few benches are used 
in the greenhouse and crops of all types, including foliage plants, bedding plants, poinsettias and 
begonias have been grown successfully on the warm floor. Temperature measurements indicated 
that soil and floor temperatures were 65-88°F when ambient temperatures 6 feet above the floor 
were 65° at night with outside temperatures of zero degrees F. The important temperature 
difference seen was between the temperatures in pots sitting on the unheated paved walk area 
(where there was no floor heat) compared to the temperature in pots on heated floor a few feet 
away: the soil temperature was 12°F cooler in the pot in the walkway than in the pot on the 
heated floor growing area. The warm floor should be viewed as a supplement to a greenhouse 
heating system. The floor cannot deliver all the heat required by the greenhouse. The floor 
system, however, may allow the operator to lower night temperatures by 5°F, reducing the size 
of the total heating system. Research at Rutgers and at other institutions has indicated that a 
warmer root temperature may allow for a lower ambient air temperature thermostat setting than 
normally recommended, particularly for vegetative growth. 
 
A publication entitled "Floor and Bench Heating of Greenhouses" is available from the author 
for a modest charge. It contains information concerning design, pipe spacing, water temperatures 
and layouts for control systems. 
 
There are several points to keep in mind when considering a floor heating system: 
 



1. The system does not entirely heat the greenhouse. It can provide approximately 30-50 percent 
of the design heat-load requirement of a double-glazed structure. 
 
2. Polybutylene and polyethylene pipe can be used. When selecting polyethylene pipe, virgin 
polyethylene and not reconstituted polyethylene pipe should be used. 
 
3. Water temperature in the pipe loop should rarely exceed 100°F for uniform floor temperatures. 
 
4. Polyethylene fittings should not be used on the plastic pipe system. 
 
5. The entire floor should be insulated if the water table is within 6 feet of the soil surface. 
 
6. Some ambient air temperature reduction may be achieved in some crops with warmer root 
temperatures. Make changes slowly and observe the crop carefully. 
 
Bench heating systems utilize the same principle as floor heating but the energy benefits of 
reducing air temperature are not as great. EPDM tubing is normally used for this application. The 
double tube configuration can create a uniform temperature because the average water 
temperature is essentially the same throughout giving the same soil temperature throughout the 
loop. 
 
Both the floor and bench heating system have tremendous positive effects on the microclimate of 
the plants. The floor or bench is normally warmer than the ambient temperature and the natural 
convection created by weak thermals causes continuous air movement. This minimizes 
temperature stratification, lowers relative humidity, improves CO2 utilization and allows the 
grower to realize the benefits of air movement about the leaf surfaces. 
 
Some crops and cropping systems of course, do not currently lend themselves to floor heating 
systems although some growers in the Netherlands are growing pot plants directly on the heated 
floor using an extensive traveling robotic handling system. For those growers with traditional pot 
plant operations as indicated earlier, an often-overlooked area of energy conservation is space 
utilization. Floor systems with soil heating have a space utilization efficiency of 90%. For those 
crops which require handwork during the production cycle, such as mums, moveable or 
transportable benches give efficiencies similar to floor systems. Mechanization offers many 
opportunities for increased energy efficiency by unique space utilization. 
 
Perhaps the greatest single impact on energy use can be achieved by modification of the 
greenhouse by the installation of energy saving thermal screens or blankets. Research indicates 
that 80% of the energy for heating single glazed structures is required at night. In double glazed 
structures the percentage is much higher. The cost-benefit ratio of a thermal screen is excellent 
and the system can be used for photoperiod control and shading for temperature reduction in the 
summer. 
 
Thermal blankets can be made from many different materials and may be used in single or 
multiple layers. Important characteristics include insulation capability, ease of handling, porosity 
(for water), physical strength, cost, and light reflective characteristics. Porous blankets normally 



have good handling properties, allow water to drain, but are not as effective as solid materials in 
reducing energy use. Woven white materials are often used effectively for summer shading. Both 
porous and nonporous translucent materials may be used for summer shading. A popular 
imported porous material uses strips of aluminum faced material spaced to give a percentage of 
shade, such as 50%. 
 
Curtain materials vary in cost depending upon available width and method of fabrication, etc. 
Prices generally range from $.10 to $.25 per square foot for commonly used materials. In larger 
greenhouses with areas of 25,000 square feet or more, installation and material costs are 
approximately $.80 to $1.00 per square foot. Porous blanket systems offer savings in the 25% 
range while systems using aluminized materials savings of up to 50% have been measured. 
Many growers accept less energy savings for heating and make the material selection for their 
blanket system based upon summer shading. Summer shading reduces the radiant energy load on 
the crop, the leaf temperature, and provides a more comfortable environment for the people 
working in the greenhouse. For greenhouses ventilated by fans, the initial installed fan capacity 
can be lower, perhaps as much as 30% and the total yearly operational costs reduced. 
 
Even for growers without a sweet tooth, the M & M's of energy conservation are important. 
These six techniques, especially the three emphasized in this report, will help us weather the 
storm and continue efficient greenhouse production. 
Other information on energy conservation, greenhouse design and environmental control is 
available from the author. < § > 
 
1NJ. Agricultural Experiment Station Publication P-03130-05-87 (Oregon 887). Presented at the 
1987 Ornamentals Northwest Seminars in Portland, Oregon. 
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