IENERGY COSTS

IN CALIFORNIA
i GREENHOUSES

INTRODUCTION

The California greenhouse culture of cut flowers, potted plants,
and vegetables grossed about $400 million at the farm gate in
1981 from an estimated 3,000 acres of greenhouses in 23 coun-
ties. California’s greenhouses use an average of |.15 therms
(1000,000 Btu’s per therm) of natural gas for each square foot of
floor area, and this represents about |3 percent of all natural gas
used in California agriculture. Electricity use averages about
1.10 kilowatt hour per square foot of greenhouse floor area.
Utility costs for commercial California greenhouses in 1981
represented over 19 percent of the estimated farm gate value of
production.

Between 1977 and 1982, natural gas prices increased
about 160 percent and electricity prices increased 68 percent.
Energy costs for commercial California greenhouses averaged
over 60 cents per square foot of greenhouse floor area at June
1982 utility rates, for a total industry cost of over $100 million.

A greenhouse owner or manager has four options for
reducing high energy costs. The choice is not which of the
following options to use, but rather in which order.

* Reduce greenhouse heat losses.
« Increase efficiency of heating and cooling systems.
*» Change management practices and crop mixes.

* Reduce fuel costs with alternate energy sources.

This bulletin describes a wide variety of methods
useful for reducing utility bills; however, not all are appropriate
for every greenhouse or greenhouse operation. Costs associated
with most of the suggested actions may range from 2 cents to
more than $1.00 per square foot of floor area. Expected energy
savings also vary from 5 to 50 percent or more, and not necessar-
ily in relation to initial costs. Many energy cost-reduction ac-
tions for greenhouses qualify for an investment tax credit; some
qualify for additional Federal and State energy tax credits.
Selecting appropriate actions to reduce energy costs for green-
houses involves many important considerations, and each
greenhouse and management system has special needs,

Many commercial California greenhouse operators
have reduced energy expense by 50 percent or more within the
last 2 years, and at nominal and cconomical costs, by judicious
use of some of the actions suggested in this bulletin. These
actions and expected energy savings are described in Sections [
through IV. Section V provides current costs of various actions,
payback time, and other economic guidelines to help you select
energy-saving actions best suited to your operation. There is no
better time than now to prepare a plan of action.



REDUCE GREENHOUSE
HEAT LOSSES

How heat is lost

Understanding the basic methods of heat loss from a greenhouse
allows you to evaluate the usefulness of energy conservation
methods for your own greenhouse. The movement of heat
energy into, out of, or within a greenhouse takes place by one or
more heat transfer processes: conduction, convection, radia-
tion, and evaporation.

Conduction. Accounting for the largest heat loss in a
greenhouse, conduction is the movement of heat through the
covering and soil to the cool outside. The rate of conduction heat
transfer is proportional to the difference between the inside and
outside temperatures, the insulating ability of the greenhouse
cover, and the total surface area of the covering. This is ex-
pressed by the following equation:

Q = VA (1-)
Where: Q = conduction heat transfer rate, Btu/hr

U = heat transfer coefficient, Btu/hr-ft>°F
(Note: b = R; R is the common number
used to rate insulation)

A = surface area, ft?

t,-t; = inside temperature minus outside
temperature, °F.

In greenhouses, we are mainly interested in the loss of
heat by conduction through walls or roof surfaces. The U-value
of a single polyethylene wall is 1.15 Btwhrft>°F (table 1). A
double inflated polyethylene wall (table 1) has a U-value of 0.70
Btu/hr-ft>°F. A second layer of polyethylene on a greenhouse
wall reduces heat loss by 39 percent. Greenhouse wall and roof
materials should have the smallest U-value, or the largest R-
value, and still allow sufficient light for production.

Convection. Heat transfer within a greenhouse is caused by
air at one temperature moving past a surface or object at a
different temperature. An example of convection is the loss of
heat from warm greenhouse air to a cold outside wall as air

TABLE 1. Suggested heat loss rates and infiltration rates
to use in greenhouse heat loss calculations

Materials Heat loss rates Infiltration rates
U-values A
(Btu/hr-ft>°F) (Air changes/hr)
Single poly* 1.15 0.80
Glass' 1.13 1.50
FRP 1.00 1.00
Double-wall panels* 0.68 0.80
Double inflated poly® 0.70 0.70
Glass + single poly
layer 0.75 0.70
Glass + double poly
layer* 0.50 0.60
FRP + single poly
layer® 0.75 0.60
Drop single poly walls** 1.15 2.00
Rigid insulation,
1 inchtt 0.14 0.30
With thermal blanket
* Single poly, glass, FRP roof
Clear poly blanket 0.65 0.50
Porous blanket 0.60 0.60
Solid blanket 0.50 0.50
» Double poly roof* 0.40 0.30
* Double-wall panel
roof* 0.40 0.40
*  “POLY" indicates plastic films—polyethylene, vinyl, etc.
1 Infiltration varies from 1 (good condition) to 4 (leaky, poor condition).
1+ Twin-wall rigid panels of acrylic, polycarbonate, or polypropylene.
§ Inflate, or a double layer enclosing an air space.
I Film underneath, with an air space.
# Double, inflated polyethylene over glass.

** Typically used in California transplant greenhouses.
1+t Rigid board—styrofoam, polyurethane, isocyanurate, etc.
13 With solid blanket.

circulates past the wall. If the inside of the wall is warmed by
moving air, the temperature of the inside wall surface increases
compared to a wall with still air next to it, increasing heat
conduction across the wall. Much of the heat of an overhead
steam line is transferred by convection to air moving across it;
the remainder is radiated heat.






