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14.1    INTRODUCTION

Greenhouse heating is one of the most common uses
of geothermal resources.  Because of the significant heating
requirements of greenhouses and their ability to use very
low- temperature fluids, they are a natural application.  The
evaluation of a particular greenhouse project involves
consideration of the structure heating requirements, and the
system to meet those requirements.  This chapter is
intended to provide information on each of these areas.

14.2    GREENHOUSE CONSTRUCTION

In order to make an evaluation of geothermal heating
systems for greenhouses, it is first necessary to examine the
different heating requirements imposed by various
construction methods.

At one time, greenhouses were constructed exclusively
of cypress wood frames and single glass lites.  Recent years
have seen substantial changes in construction techniques
and materials.  In general, construction may be considered
to fall into one of the following four categories:

 1. Glass
 2. Plastic film
 3. Fiberglass or similar rigid plastics
 4. Combination of two and three.

All of the above are generally constructed of steel or
aluminum frames.

Glass greenhouses are the most expensive to construct
because of both the cost of the glazing material and the
requirement for a stronger framework to support the glass.
In many cases, fiberglass panels are employed on the side
and end walls of the structure.  The building profile is
generally of peaked design, with 36 and 42 ft widths, and
lengths in 20 ft increments most common.  This type of
greenhouse is preferred by growers whose plants require
superior light transmission qualities.  In addition to offering
the highest light quality, the glass greenhouse also has the
poorest energy efficiency.  Heating costs are high because
of the poor insulating  quality of single glazing and the high
infiltration of cold air through the many "cracks" in the
construction.  This issue of high transmission loss has been
addressed in recent years through the introduction of new,

double glazing panels for glass houses.   However, because
of the expense of these panels and their effect upon light
transmission, most glass greenhouses remain single layer.

Plastic film greenhouses are the newest variation in
greenhouse construction techniques.  This type of structure
is almost always of the arched roof or "quonset hut" design.
The roof can come all the way down to the ground or can be
fitted with side walls.  The side walls, if employed, and end
walls are generally of fiberglass construction.  Maintenance
requirements for the plastic film are high in that it generally
requires replacement on 3-year intervals or less, depending
on the quality of the material.  Most plastic film houses
employ a double layer of film separated by air space.  The
air space is maintained by a small blower that pressurizes
the volume between the layers.  This double poly design is
a very energy efficient approach to greenhouse design.
Double poly not only reduces transmission losses (losses
through the walls and roof) by 30 to 40%, but also
substantially reduces infiltration (in leakage of cold air).
Although the plastic film tends to lose more heat than glass
through radiation, the net effect is a reduction in heating
requirements compared to glass construction.  Infiltration is
reduced because the "cracks" present in other types of
construction are eliminated through the use of the con-
tinuous plastic film.  As a result, there is less opportunity
for the cold outside air to penetrate the structure.  The
superior energy efficiency of the film construction comes at
the price of reduced light transmission, however.  As a
result, highly light sensitive crops cannot be grown in the
double-poly greenhouse as successfully as in other
constructions.  These greenhouses are generally constructed
in 30 ft width, and 100 and 150 ft lengths.

Fiberglass greenhouses are similar in construction to
the glass houses described above.  They are generally of
peaked roof design, but require less structural support as a
result of the lower weight of the fiber glass.  Heat loss of
the fiberglass house is about the same as the glass house.
Although the fiberglass material has a lower conductivity
than glass, when considered in the overall building heat
loss, this has little effect.

14.3    HEATING REQUIREMENTS

In order to select a heating system for a greenhouse,
the first  step is to determine the peak heating requirement
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