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Enrichment of the atmosphere inside a greenhouse
with carbon dioxide (CO,) is widely used to increase both
the quantity and quality of roses. A continuous monitoring
and feedback control system for CO, injection should
optimize the benefit of C02 enrichment for rose production
while minimizing the associated costs. I describe the use
of a commercially available infra-red gas analyzer that
continuously monitors and controls the CO, concentration.
As a case study, I describe its operation in a large single
span greenhouse devoted to the production of roses.

Because the cost of supplying CO, is a minor part of
the total production cost and there are few if any dele
terious effects from overenrichment, there has been little
effort by rose growers to maintain the concentration
within narrow limits. The rate of CO, injection is
adjusted by trial and error to give a concentration of
1000-1500 parts per million (ppm). The C02 is then
injected continuously at this rate, and the atmosphere
is sampled rarely if at all to see if the optimum con
centration is being maintained. The CO, injection is
only turned off at night or when the greenhouse is
ventilated. Without knowing the CO, concentration,
there is no sensible way to optimize its beneficial
effect for rose production or to minimize the amount
of CO, needed to get the optimum benefit.

There are horticultural benefits in controlling the
injection of C02. Early in the morning or immediately
after ventilation it is important to raise the C02 con
centration quickly to take advantage of the high fight
level, since the beneficial effect of C02 on photosyn
thesis is much greater under high than low light con
ditions. To obtain high concentrations quickly requires
controlled injection so that the C02 is shut off as soon
as the appropriate concentration is reached; otherwise,
the C02 concentration would quickly rise too high when
the steady state condition is reached, e.g. when the
rate of photosynthesis and leakage of CO, out of the
greenhouse equals the rate of injection.

Costs of C02 are reduced by using controlled injection.
The rate of CO, injection needed to maintain a specified
concentration varies with the amount of light. On cloudy

Table 2.—Sires of copper wire for tingle-phase, 115-120 volt motors and a 8-percent voltage drop'
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win tin Length of win to motor In feet

Wk.tet.M..
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ft n
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Win sin (AWG or MCH)'

(Not*: Compare the tin shown Mow with th« (in shown in tot column to Um Itft of the double
lino and um tho larger lite.)

S 12 12 10 12 12 12 12 12 12 12 12 10 10 8 8 6

8 It 12 10 12 12 12 12 12 12 12 12 10 8 6 4

1 12 12 10 12 12 12 12 12 12 12 10 10 8 8 4

8 12 12 10 12 12 12 12 12 12 10 10 8 8 6 4

10 12 12 10 12 12 12 12 12 10 10 8 8 6 6 3

11 12 12 10 12 12 It 12 12 10 8 8 6 6 2

14 12 12 10 12 12 12 12 10 10 8 8 6 2

16 12 12 10 12 12 12 10 10 8 8 6 6 1

18 12 12 10 12 12 12 10 10 8 8 6 6 1

20 12 12 10 12 12 10 10 8 8 6 6 4 0

26 10 10 10 12 10 10 8 8 6 6 4 4 0 00

SO 10 10 10 12 10 8 8 8 6 4 3 00 000

35 8 8 10 12 10 8 B 6 6 4 3 0 00 000

40 8 8 10 10 8 8 6 6 4 3 t 0 00 000 0000

to 6 6 10 10 8 6 6 4 4 2 1 0 00 000 0000 250

60 4 6 8 8 8 6 4 4 3 2 0 00 000 000 250 300

TO 4 4 8 8 6 6 4 4 3 1 0 00 000 0000 300 350

' Um 125 percent of motor namcplate current for tintle motor*.
'The win ei» in OTcrhead spans mutt be at least number 10 for epani up to 50 feet and number 8 for looter spans.
'AWG t» American win gauge and MCM is thousand circular mil.
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to 12 12 10 12 12 12 12 12 10 10 8 8 6
25 10 10 10 12 12 12 12 10 10 8 8 6 6 4
30 10 10 10 12 12 12 10 10 8 8 8 6 4
35 8 8 10 12 12 12 10 10 8 8 6 4
40 8 8 10 12 12 10 10 8 8 < 6 4
45 6 8 10 12 12 10 10 8 8 6 6 4
60 6 6 10 12 10 10 a 8 6 6 4 3 2 1 0
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4 8 12 13 8 8 6 6 4 4 2 1 0 00 000
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"AWG is American win gang* and MCM is thousand circular mil.
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PROTECT YOUR ELECTRIC MOTORS
AGAINST LOW VOLTAGE

John W. Bartok, Jr.
ExtensionAgricultural Engineer

For proper performance an electric motor must have a
supply voltage that matches the value specified by the manu
facturer. Low voltages are common in many greenhouse/nursery
operations and occur for several reasons.

i .... • •

1. Too small a wire size for the size of the motor.
2. Too small a wire size for the distance from the supply.
3. Too many motors or other electrical devices connected

to one 1ine.

Since the power produced by a motor is the product of the
voltage times the current, a low voltage causes an increase in
the current required. This higher current causes an increase
in the heating effect of the motor. Since the increase in
heating effect is in direct proportion to the square of the
increase in current, doubling the current increases the heating
effect four times. This explains why low voltage causes motors
to overheat and often burn out.

Table 1 gives the ful1-load currents for single phase
motors. Branch-circuit conductors to an individual motor
should be sized to carry 125 percent of the ful1-load current

Table 1.—Full-load currents for.
single-phase a.e. motors'

115volts- • 230 volts ~

Motor 125% 125%

horse Full full FuU fuU

power load load load load

amps amps amps amps

ye 4.4 5.5 2.2 2.8

1/4 5.8 7.2 2.9 3.6

1/3 12 9.0 3.6 4.5

1/2 9.8 \22 ' -4.9 6.1

3/4 13.8 VI2 6.9 8;6

1 16.0 20.0 8.0 10.fr

1% 20.0 25.0 10.0 12.5

2 24.0 30.0 12.0 15.0

3^ 34.0 " 42.0 17.0 21,0

6 56.0 70.0 28.0 35.0

7% 40.0 50.0

10 50.0 62.0

•To obtain full-load currents for
208-volt motors, increase correspond
ing 230-volt motor full-load current by
10 percent.
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days when there is little photosynthesis the usual rate
of CO, injection will gradually raise the concentration
to a high level, often 2000-3000 ppm. On sunny days
when photosynthesis is more rapid, the concentration
of CO, is usually constant, because the consumption pf
CO, via photosynthesis equals the rate of injection that
was determined for this condition. An injection rate
that maintains an optimum level of C02 on sunny days will
overenrich on cloudy days by a factor of two or more.
The higher level of C02 is of little benefit to plant
growth. In the laboratory the effect of C02 is most
noticeable as the level is doubled from 330 ppm found
outdoors to 600 ppm and doubled again to 1200 ppm.
Another doubling to 2000 ppm or more does not further
enhance growth. The overenrichment of C02 in cloudy
weather wastes C02 because.the leakage^of C02 out of
the greenhouse is accelerated' when the'concentration
is higher inside. At levels above.lb00 ppm the rate
of leakage is at'least proportional to the concentration
of CO,. Thus, if the concentration on cloudy days is
twice the required level, a considerable fraction of
the C02 is wasted.

I describe a*device for control 1ihg CO, Injection
whose operation is based on the principle of selective
absorption of infrared radiation by COg. The model
adapted to greenhouse use is hung vertically at or
above the top of the crop. The surrounding air diffuses
into the measurement chamber and the concentration of
CO, in this air is converted to an electrical signal.
The measurement is displayed on a meter calibrated in
ppm CO, in the range of 300 to 3000 ppm; The controller
has a Rnob calibrated \.x\ similar :units to set.the-control
level of C02. When the.C02 falls belowothe controllevel,
a relay is closed by the,electronics as a thermostat <
closes contacts when the temperature falls. The relay
can in turn operate a solenoid valve to control the flow
of compressed C02 or propane to generate CO^. •Using
this measurement and feedback control,; the concentration
can be regulated.-J:n the: range of>l40Q tjo 3000 ppm,,C02
with an accuracy of -Mb.lQQ ppm^ -. r:v-. .• SI ?i\--

These devices. ,afs available^ from ;at; leas^two V3
suppliers in the USA. One is MDA Scientific, 18.15
Glenview Avenue^ G.l£qY;!;ew,vJ 1.1,ino,is .60025, whose C02
controller, adapted for greenhouse use (Model ZFPl),
is priced at $110.0. THJs U,nit.-samples. t^e;ambie,nt ~, „..
air by diffusion as described above., AnqtJie.r supplier
is ES Industries, 8 South Maple Avenue, Marleton, New
Jersey 08053, whose CO, controller, adapted for green
house use (Model TN591T29), is priced at $2000. This
control ler.cpn.tains asuction pump and could be adapted
to remote samp1ing, which is not possible with the
other controller.



A completely different method measures the change
in electrical conductivity of a solution when the
atmosphere bubbled through the solution changes. A
measurement device based on this principle can be
constructed for about $200. Such a device is described
in Hortscience 14, 180-182 (1979), A Low Cost Carbon
Dioxide Analyzer for Greenhouses by B.A. Kimball and
S.T. Mitchell. I am not aware of a device of this type
that is commercially available for greenhouse use.

An estimate of the benefits accrued from feedback
control of C02 enrichment can be calculated by examining
the diurnal variation in the CO, level in a greenhouse
devoted to rose production. The CO, was measured con
tinuously for one week, March 5-11, 1982, in a greenhouse
owned by William Pinchbeck Inc., Guilford, CT. He has
two single span, single pane greenhouses containing
92,000 rose plants in 3-5 acres. CO, was provided as
compressed gas and uniformly distributed throughout the
houses using tygon tubing with small venting holes every
20 feet. The rate of injection for each house was con
trolled by a pressure regulator, and read on flow meters.
On cloudy days the injection rate was set manually to
35% less than on sunny days. The injection was controlled
by a time clock and was overridden if ventilation was
required to keep the greenhouse cool. The CO, injection
began at 7:00 a.m. and quit at 5:00 p.m. If ventilation
occured, the injection was turned off until the next
morning.

The CO, concentration was first measured during
four days when the injection was not controlled and
then for three days when the C02 analyzer was used as
a feedback controller to turn off the injection if the
C02 was above 1200 ppm. A record of the CO levels
during this period is shown in Figure 1. Note that
the rate of injection was not changed in the last three
days. Mr. Pinchbeck had previously checked the CO,
concentration with a Kitagawa gas sampling kit. He
had chosen a suitable setting for the injection rate
on sunny days with the vents closed because the CO,
concentration leveled out at 1200 ppm. With this
injection rate, however, it took an hour to reach
1200 ppm from 800 ppm found at dawn. If the CO,
were turned on after a short period of venting at
midday, it would take two hours or more to bring the
concentration up to 1200 ppm from the 330 ppm outside.
Thus, even with careful management of CO, injection
there were periods of the day when the benefits of
C02 enrichment were lost.

On cloudy days, without feedback control, the CO,
concentration eventually rose to 2000 ppm, about twice
the required level. With the controller in operation
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ENERGY CONSERVATION - SUMMER STYLE
Allen C. Botacchl

Cooperative Extension Horticulture Agent

Just because the temperatures are not hovering below
the freezing mark, and the boilers are not frequently
cycling ON, it is of no less importance to continue the
never ending battle for energy conservation which, if
ignored, can needlessly rob your profits.

Although your boilers or heating units will be silent
or relatively inactive for the next few months, do not.
ignore them. Cleaning, adjusting, and fuel filter changes
should be made at this time. Check fire boxes for warps
or cracks which may allow toxic gases (ethylene or sulfur
dioxide) to pollute the greenhouse and cause severe plant
injury. While at the heating unit, closely check the
exhaust stack for any holes or weak areas. Replace any
doubtful part. Make sure that your stack is high enough
to insure an adequate draft and reduce changes of a
downdraft.

Cooling fan efficiency is significantly reduced by
dust and dirt. Take the time to vacuum this material
from both fan blades and motors. Check motor hearings
and adjust belts at this time.

H20 (water) is probably taken for granted by all of
us. Yet this seemingly inexhaustible commodity is
becoming less available when one wants quality water.
Water, as you know, costs money. Do not waste this
precious material. Repair and replace leaking pipes
and worn washers to stop unnecessary water waste.

Summer is a good time to look into automatic
watering devices. Automatic systems reduce water
consumption and labor costs. An additional cultural
advantage is that the foliage is not wet, thus reducing
the incidence of foliar diseases.

If you are contemplating installing a heat shield
(thermal curtain), poly tube liner, lapseal or poly over
glass, order your materials now and install these at
your leisure. It is much easier to have the hardware
available when YOU need it rather than awaiting shipment
or back order delays.

Anticipating and planning ahead will conserve
energy dollars and human energy as well.



8. Adjust and/or install multiple stage controls to
modulate equipment and prevent overlap.

9. Clean (vacuum) fan blades, motor housings, and
shutter louvers periodically (save up to 10%).

10. Lubricate (follow plate directions) fan bearings
and motors.

11.# Maintain correct belt tension and alighment.

12. For maximum efficiency, design your plastic
greenhouse with removable sides; then turn off your fans.
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Figure 1. A record of the CO, levels In the greenhouse during the day for Harch 5-11,
19§2. During the first four days, upper panels, the CO, analyzer and controller only
measured the CO, but did not control It. The controller did turn the CO, injection
on and off the the last three days. The up arrows indicate when the vents opened and
the Injection was turned off. The down arrows indicate when the vents closed.
Respiration from the plants and the soil Increased the C02 at night, even without
CO, Injection.



the CO. never went so high during cloudy periods
because the injection was cycled on and off to hold the
control level. In this situation the controller saved

a substantial amount of CO. that would otherwise have

been lost due to leakage to the outside. On cloudy
days when the C0_ controller was not in operation,
the average level of C02 was 1800 ppm or 50% higher
than the set point. Since the amount of CO, used to
maintain the higher level was at least 50% greater
than that required to reach 1200 ppm, the controller
saved one third of the C02 on cloudy days without
reducing the benefit of enrichment.

If the injection of C02 had been increased while
under feedback control, the level could have been
raised more quickly to the control level early in the
morning or after venting. This would have resulted
in additional beneficial effects of C02 during those
times when the light was bright. Since C02 would
have been applied at the most suitable times for
increasing photosynthesis, the additional benefit
would outweigh the slight extra cost of C02 injection
during these periods. A quantitative determination
of this benefit will have to await a longer study of
yield in which C02 enrichment would be used with and
without feedback control.

William Pinchbeck Inc. uses between 30 and kO
tons of C02 per year during the cloudy winter months
of October through March. He currently pays $180/ton
for compressed CO,, a price competitive with C02
generation from propane gas at $1.30 a gallon. If
half the days during the months of C02 enrichment
are cloudy, then a C02 controller may save between
15 and 25% of the costs of CO, enrichment and thus
repay the investment in an analyzer and controller
in one or two years.
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TIPS ON INCREASING COOLING FAN EFFICIENCY

Allen C. Botacchi
Cooperative Extension Horticulture Agent

Years ago, summer greenhouse temperatures were
reduced by shading the structure, opening the vents,
plus wetting the walks. These are still valid techniques.

Modern technology and construction introduced the
use of fans to aid the grower in lowering greenhouse
temperatures. The advent of high energy (electricity)
costs demands that growers plan, calculate, and properly
install fans to make them most cost effective.

Points which must be considered to increase

efficiency and reduce costs include:

1. Proper sizing and fan placement (save 1-10%).
Face fans to operate with the prevailing wind direction
which is normal on hot days. If this is not possible,
use a fan hood. Assistance is available from your
horticultural agent or agricultural engineer. As a
general guide, allow 1 change of air per minute (7-10
cfm per square foot of floor space for summer; 2-3 cfm
for winter).

2. Select the largest diameter fan with the lowest
horsepower to do the job (save 5-15%).

3. If three-phase power is available in the green
house, these motors are less expensive to purchase,
require less maintenance and use less energy (save up to 5%)

k. Bell-mouthed housings provide slightly increased
air delivery with no additional power required.

5. Tighten greenhouse structure (plug openings,
repair slipped glass and seal door openings) to reduce
unwanted air infiltration which may alter uniform airflow
patterns.

6. Repair ventilation louvers.

7. Install baffles underneath benches or in gables
(save 2-5%).
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