
CONSERVING ENERGY IN CONTAINER GREENHOUSES

Stewart I. Cameron'

Abstract.--Energy conservation can significantly offset
the escalating fuel cost of winter-grown container stock.
Costs are discussed, and a procedure is presented for choosing
among the many cultural and structural alternatives available
with the aid of illustrative data from a computer model
developed at the Maritimes Forest Research Centre. Future re-
search needs and industry trends are suggested.

INTRODUCTION

The greenhouse has a 2000-year-old his-
tory (Hanan et al. 1978). The energy-con-
scious designs of a century ago indicate that
fuel consumption has been a concern in pre-
vious times (Fig. 1), and that the greenhouse
industry has responded by producing efficient
structures and improved growing methods.
Similarly, there is much that the container
nurseryman can do to conserve energy in the
greenhouse.

Rising energy costs are stimulating
rapid changes in containerized tree seedling
culture methods. Alternatives to winter-
grown crops produced for early summer plant-
ing are being investigated. The spring/
summer period is being used for stock produc-
tion, followed by overwintering and planting
the next year. However, information is not
available for determining if energy cost
savings are sufficient to offset possible ad-
verse effects on stock quality and survival.
Overwintering and accelerated late spring/
summer growth rob the nurseryman of a valu-
able asset--the use of the greenhouse to



tailor crops to the increasingly specific re-
quirements of the field planting manager. In
opposition to current trends, the winter
container greenhouse may well remain a
significant cultural tool. This parallels
the experience of greenhouse vegetable and
flower growers, who have realized that
increasing the quantity and quality of
products whose yields and quality are already
high is accomplished by optimally fine-tuning
the environment to the crop - a situation for
which a greenhouse is ideally suited.

Various publications list in excess of
50 modifications applicable to container
seedling greenhouses (see Appendix 1), some
of which require substantial capital outlay.
The problem is: where does the nurseryman
start? Two risks immediately become ap-
parent. Application of an inappropriate
method (or combination of methods) may have
negative effects or may simply be an invest-
ment wasted if the high cost of a modifica-
tion is not offset by the fuel dollars saved
over its lifetime. Every greenhouse opera-
tion differs and will require a different
package of options to arrive at an optimal
solution.

Methods for calculating approximate fuel
requirements and the effects of a number of
energy-saving strategies are available else-
where (see Appendix 2). The intent of this
presentation is to:

a) provide a perspective on the problem by
examining current and projected crop cost
data;

b) suggest a method by which the grower may
choose among the many conservation alter-
natives available;

c) indicate the degree of savings that are
reasonably possible; and

d) attempt to predict some future industry
responses to increasing energy costs.

THE COMPUTER MODEL

As an aid in attempting to identify the
important aspects of winter container growth,
a computer model has been developed at the
Maritimes Forest Research Centre (MFRC) to
simulate a greenhouse under winter condi-
tions.

Our objectives are to develop a combined
research and consumer-oriented tool for both
in-house use and distribution to outside
agencies (if demand exists) to meet the fol-
lowing requirements:

a) the ability to predict the energy impacts
of conservation alternatives applicable
to containerized tree seedling green-
houses in the Maritimes and elsewhere;

b) sufficient simplicity (in a modular
format for use with different greenhouse
types) to run at low cost, yet with
enough detail to allow minor structural
and cultural details to be studied; and

c) the capability ultimately for use with a
physiologically based tree seedling
growth model.

Such models, though not routinely used
by the forest nursery sector, are not new,
and have been employed in various forms for a
number of years (Takakura et al. 1971,
Kimball 1973, Hallman 1974, Rotz 1977,
Chandra 1979, Kindelan 1980).

The model consists of a series of con-
ventional engineering equations which des-
cribe heat gain or loss through the various
greenhouse components (cover, perimeter,
side/endwalls, etc.). The mathematical
analogue is run hourly, using 24-hour blocks
of data, through the required portion of a
computer weather file. Weather data of two
types may be used: either Atmospheric
Environment Service (AES) computer tape
archives or output from a previously devel-
oped weather simulator (Degelman 1974). The
latter format allows a greenhouse at any
location to be used provided there is a
weather station nearby which records mean
monthly values, as opposed to AES hourly data
files which are available for only a re-
stricted number of weather stations. Al-
though the computer language (APL) and format
are substantially different, in concept the
MFRC model resembles a similar program
developed at the Pennsylvania State Univer-
sity (Rotz 1977).

Current improvements being attempted or
planned are in the areas of perimeter heat
loss, an improved solar radiation generator,
incorporation of snowfall and wind direction,
a radiant energy component in double PE
(polyethylene) cover R-values, and humidity
generation as a function of crop physiology.

The existing model runs specifically for
single quonset and ridge-and-furrow double PE
greenhouses. Future development plans in-
clude the addition of simple solar radiation
models for glass and fibreglass structures,
and, if demand warrants, translation into
FORTRAN.



During a typical year, this greenhouse
would be predicted by the computer model to
require a seasonal total of 352.1 million
BTU, or, in terms of no. 2 fuel oil, 14,770 L
at a service efficiency of 65%. (Service
efficiency differs from combustion efficiency
in that all boiler and piping losses are in-
cluded.)

GROWING COSTS

Some winter crop costs (mid-January
seeding) representative of those incurred in
the Maritimes are shown in Figure 2. The sum
of the six categories--fuel, container system
(FH 408 paperpot), casual labor, electrical,
peat and grit, and fertilizer--yields total
direct growing costs of approximately $55.00
per thousand seedlings. Less direct costs--
those of management salaries, equipment and
structure depreciation, and nursery mainten-
ance--would add $30 to $50 to such direct
costs. Fuel oil constitutes slightly over
40% of direct growing costs, and probably
represents 25% of total (direct + indirect)
seedling costs at current Maritime prices.
The recent Canadian oil pricing agreement
will allow energy prices to rise rapidly in
the coming years to approach more closely
world prices. Clearly, if winter container
crops are to remain a significant component
of the planting schedule, there is ample
incentive for energy conservation.

RANKING ALTERNATIVES

Generally, conservation methods may be
weighted according to their implementation
costs, which range from nil to many dollars
per square metre of growing area. Fuel
savings can be visualized as occurring incre-
mentally: i.e., each time an energy-saving
strategy is put in place, there is a reduc-
tion in fuel use, leaving a total to be

affected by the next proposed method. There-
fore, the ranking of alternatives will be on
the basis of:

a) no cost
b) minimal to low cost
c) high cost, with substantial energy

savings.

There is no simple way to order alterna-
tives accurately within cost classes. How-
ever, as a general guideline, within a group
of methods, those whose ratio of initial cost
to amount of fuel saved is low are probably
preferable.

A CASE EXAMPLE

The following greenhouse will serve as
an illustration: a 9 x 29 m single quonset
type, double-PE covered structure located in
the Fredericton area (annual total of approx-
imately 4700 18 ° C heating degree days). End-
walls are insulated to full height, and side-
walls to 1.22 m with R-10 to R-12 2 . A
growing regime is implemented to produce a
crop for early June planting. If stock is to
meet size requirements, germination must com-
mence at the end of the first week of Janu-
ary, although the boilers are on from 1 Sep-
tember to provide heat to the working area
and prevent damage to pipes in the green-
houses. The heating regime can then be
broken into four periods as shown in Table 1.



Following the increasing-cost method
previously outlined to rank the various
energy conservation schemes results in a
variety of options--by no means an inclusive
list--which could be applied to this green-
house. Each cost class may be further divid-
ed into structural and cultural components as
is shown in Table 2.

No-cost Methods

Structural modifications are only a
minor factor in an existing greenhouse, but
can be applied effectively in planning a new
facility. The cultural aspect of these modi-
fications consists primarily of tailoring
temperature requirements so as not to impair
crop growth or quality, but to minimize
energy use during the coldest periods.

The effect on energy use of varying the
temperatures for each heating period through-
out the model year for the Fredericton area
greenhouse is shown in Tables 3 to 6.

Off-season 

Heating requirements during the idle
period prior to germination are substantial,
as can be seen from monthly totals, only be-

cause of the length of time over which the
heating system must maintain a minimal temp-
erature to prevent freezing damage to water
or heating lines.

During the off-season period, especially
in early fall, boiler service efficiency,
i.e., the ratio of the heat usefully de-
livered to where it is required to the amount
of oil used at a given combustion efficiency
is very low. Daytime requirements at the
lower set temperatures are routinely supplied
by the sun (data not shown). Even with lower
boiler water temperature settings, there will
be long idle periods when heat is not re-
quired, and large boiler and piping losses
will result. Therefore, consideration should
be given to partial or complete system drain-
ing, and boiler shutdown for at least part of
the heating period.

If heat is not required for the header-
house area, one interesting alternative, not
currently in wide practice, to boiler drain-
down is the inclusion of ethylene glycol
(antifreeze) in the heat transfer system,
provided that it is compatible with the
boiler used. The use of antifreeze allows
shutdown well into the coldest part of the
year until heating is required for snow re-
moval.



Germination

Optimal germination temperatures provide
cultural benefits as well as energy savings.
Temperatures too high or too low are inhibit-
ory, and at less extreme values, necessitate
the use of greatly lengthened time periods to
complete emergence, especially in species
such as white spruce (Picea gZauca [Moench]
Voss) which are slow to germinate (Fraser
1970, 1971).

The energy necessary for germination at
different times and temperatures is indicated
in Table 4. The data used are for black
spruce (Picea mariana [Mill.] B.S.P.) (Fraser
1970, Hallett, unpubl. data3).

It is evident that energy requirements
for germination vary greatly because of the
lengthened time at lowered temperatures.
However, overall heating demand corrected to
the same time-base by adding growing day con-
tributions (last two columns, Table 4) dif-
fers less, except at the lowest temperature
used. Germinating at the highest non-inhibi-
tory temperature (in this example 27 ° C) would
be more cost-effective than using the lowest
value, as the crop would be advanced by one
week in development, and total growing time
would be shortened accordingly.

Growing 

It has been suggested that controlled
diurnal temperature fluctuation during the
growing period is beneficial for growth
(Pollard and Logan 1975).

The impact on energy use of different
day temperatures during the growing period,
with a common night temperature, is shown in
Table 5.

The high and low temperature values in
Table 5 are generally considered to be out-
side the optimal growing range for most
species. Of the less extreme values, the
lowest, 18 ° C, represents an optimal choice.
During long overcast periods in mid-winter a
low day set point temperature ensures that
seedling "legginess" is minimized, yet is
adequately high to maintain a good photosyn-
thetic rate (D'Aoust 1980). Further, higher
daily temperatures are rapidly attained if
clearing occurs.

Similar data (Table 6) can be presented
to describe the effect of varying night tem-
peratures.



Lower night temperatures promote favor-
able shoot:root ratios (Larson 1974, Pollard
and Logan 1975). Data for black spruce are
lacking, although a general recommendation
for temperatures as low as 10 ° C has been
given (Armson and Sadreika 1979) and some
Maritime growers have used this temperature
in the past without ill effect although re-
sults are undocumented. Therefore, the more
conservative estimate of 16 ° C given for white
spruce might be applicable, though not as
energy efficient.

Hardening 

The spring hardening period has, because
of the lateness of season, minimal impact on
total fuel use. Total energy demand for the
model month of April at day/night tempera-
tures of 7/7, 4/4 and 2/2 ° C is 13.9, 8.3, and
4.0 million BTU, respectively. Because of
its energy efficiency value and favorable
effects on hardening, the lowest above—
freezing temperature would be preferable.

The low—energy growing schedule 

Combining the four phases in the sched-
ule summarized in Table 7 has dramatic
effects on fuel consumption.

Each period of both the typical and the
energy—conserving regimes, and seasonal
totals, are shown in Figure 3.

The total fueling necessary with
slightly lowered temperatures is reduced to
278.5 million BTU per season, or 11,680 L of
oil at 65% efficiency, a saving of 21%.

Low—cost Methods

Aside from the arbitrary capital cost
limit of $5.40/m2 , low cost options as de-
fined here also recover their initial cost in
one, or at most two, growing seasons.
According to Table 2 (and Appendix 1), a
variety of measures of moderate cost can be
implemented to lower fuel consumption, de-
pending upon the state of existing structure
and cultural conditions.



Structural modifications 

One of the most important, yet often
forgotten, components of the greenhouse sys-
tem is the boiler and piping network. For
the sake of simplicity, the current example
--the Fredericton area greenhouse--is consid-
ered to be a well insulated structure con-
taining modern boilers equipped with fuel re-
tention nozzles providing an 85% combustion
efficiency. If the boiler system is serviced
twice yearly--prior to and at the end of the
heating season--a drop in combustion effi-
ciency of 5% or more is possible. Extra
service calls and routine efficiency testing
incur only moderate costs. If seasonal aver-
age combustion efficiency can be increased by
3-5%, fuel savings will pay for the extra
service costs. For the example greenhouse,
an increase in service efficiency to 70% re-
duces fuel requirements from 11,680 L to
10,870 L.

Cultural modification 

Routine on-site soil nutrient testing is
performed at most Maritime nurseries. How-
ever, the use of supplementary CO2 as a win-
ter cultural method has yet to be exploited,
although the benefits are adequately docu-
mented (Tinus and McDonald 1979). Since sup-
plementary CO2 can cause nutrient deficiency
under a standard fertilization schedule, the
addition of slow-release fertilizer to the
growing medium represents a moderate cost
item which, in the absence of detailed nutri-
ent analysis, would provide a safety margin.
(This fertilization method used alone has
been shown at Maritime nurseries to acceler-
ate significantly the growth of winter spruce
crops.) For the purpose of energy modelling,
the impact of these two methods, taken either
separately or in combination, can be conserv-
atively estimated by assuming that germina-
tion can be delayed by two weeks.

Low-cost summary 

As a consequence of implementing
low-cost methods, the cultural schedule and
energy requirements would be altered as shown
in Table 8.

Structural and cultural improvements
taken singly or in combination would save
significant amounts of energy. As previously
indicated, an increase in boiler service
efficiency from 65 to 70% would reduce fuel
requirements (using the 11,680 L of the
energy efficient regime shown in Table 7 as
the base) by 7% to 10,870 L; cultural modifi-
cation alone (assuming 65% service efficien-

cy) would reduce fuel requirements to 10,590
L, and the combination would lower fuel re-
quirements by 16% to 9,820 L.

High-cost Methods

The third class of alternatives has high
capital outlay, and initial cost recovery
routinely requires a number of years. If
funding limits the number of methods which
can be implemented yearly, standard capital
costing and discounting methods are used to
choose among options. Straight or discounted
payback is not sufficient to make the choice
(see Capital Costing).

Structural modification 

Choice of the second building modifica-
tion is based on the thermal properties of a
greenhouse. Using the combined low-cost
regime (Table 8, 70% service efficiency),
modelled heating data may be broken down
according to structural component (Fig. 4).

As expected, most of the energy loss
(75%) occurs through the double PE cover, and
even a small improvement in the overall cover
R-value, especially at night, would be of
benefit. To reduce such losses, the 300-
year-old technology (Hix 1974) of thermal
screens or blankets drawn at night is being
reintroduced. A variety of blanket materials
(Fig. 5) and tracking systems are available.

Strictly from an energy conservation
viewpoint (and ignoring problems such as
frost accumulation and drip), the most effi-
cient material appears to be the aluminized/
white, non-porous type, installed so that the



aluminized surface faces outward (Simpkins et
al. 1976, Chandra and Albright 1980). If
care is taken to install the system so that
air leakage around the edges is minimized,
considerable seasonal fuel savings in the
range of 30 to 35% are possible (White 1978).
The timing of blanket deployment is equally
important. The model defines the day period
as those hours when outside illumination
(prior to interception of the double PE
cover) exceeds 2500 lux because, below this
level, light reaching the crop is insuffi-
cient to be usable for growth (Seginer and
Albright 1980). Therefore, retracting a cur-
tain after dawn or deploying it prior to dusk
represents a reasonable compromise between
crop needs and fuel reduction.

Cultural modification 

Unfortunately, the energy impact of cul-
tural alternatives in the high-cost classifi-
cation is difficult to predict because our
knowledge of container stock physiology is
still incomplete. The "upper limit to seed-
ling growth" (Larson 1974) has yet to be de-
fined.

Current state-of-the-art cultural im-
provements centre around the optimal tailor-
ing of the environment to the crop. Recent
developments in microprocessor technology

allow much more than simply the precise con-
trol of temperature and humidity. Elevated
CO2 levels (measured by infrared gas analy-
sis) modulated with venting temperature
according to light intensity, variable lower-
ing of rates (ramping) to night set tempera-
tures whose levels can also be set according
to previous day conditions, and even the
modulation of nutrition by means of constant
fertilization are all being practised either
operationally or on an experimental basis
with crops whose requirements are well de-
fined (Mulder and Bot 1980). For container
seedlings, the use of microprocessor control
would necessarily be coupled, in the absence
of a crop growth model, with frequent de-
tailed soil and foliar analysis at consider-
able expense.

If we speculate, then, on the energy im-
pact of growth acceleration due to a well
controlled environment, a conservative esti-
mate for the example greenhouse might have
two components. First, the one month harden-
ing period could be decreased by one week by
improved cultural control. Second, the grow-
ing period might be decreased by one week by
the combined influence of an improved CO2/
nutritional regime.

High-cost summary 

Using a thermal blanket (R2.0) coupled
with the low-cost cultural regime (see Table
8) for the whole of the heating period, the
model predicts a seasonal heat loss of 159.7
million BTU, a 6,230 L requirement (at 70%
service efficiency). The saving--37%--is
substantial, though undoubtedly an overesti-
mate, since factors such as snowfall and im-
perfect curtain edge seals are not included.
(If the curtain were used only during the
active growing period to prolong its service
life, heat loss would rise to 186.2 million
BTU, consumption would increase to 7,270, and
savings would diminish to 26%.)

As previously mentioned, the estimated
net effect of high-cost cultural methods is
to delay germination by two weeks and harden-
ing by one week, resulting in the growing
schedule shown in Table 9. This delay is
only slightly less efficient than that which
would result if a thermal blanket were used.
The 170.4 million BTU demand is equivalent to
seasonal fuel use of 6,640 L. It is notable
that off-season heating under this growing
regime accounts for almost one-half of the
total fuel use. Boiler and piping draining,
or antifreeze addition, if feasible, could
reduce costs still further.



The combination of the two energy-con-
serving methods reduces heating use signifi-
cantly. Off-season, germination, growing,
hardening and total heating requirements are
reduced to 45.9, 33.1, 63.8, 2.3, and 145.0
million BTU, respectively, for an annual pro-
jected fuel consumption (70% service effi-
ciency) of 5,650 L. If we recall that the
initial fuel requirement for the greenhouse
with neither cultural nor structural improve-
ments is 14,770 L, such methods are very sig-
nificant.

Very High-cost Modification

Highly capital-intensive methods are not
yet routinely considered viable even at cur-
rent energy prices. Most of these options
will not reduce fuel consumption sufficiently
to justify their high cost (especially if the
other methods previously described have been
applied incrementally).

Where exploitable waste heat sources al-
ready exist, there is excellent potential for
placement of new facilities to defray heating



costs (Ball 1981), but the transfer of pre-
existing complexes to such sites remains
questionable. Of course, should conventional
energy sources cease to be readily available
at any cost, either alternative fuels and/or
waste heat sources have immediate value if
winter growing is to continue.

Cultural methods in this cost category
are not ordinarily considered for container
seedling production facilities. The use of
such methods requires that the crop have a
high per unit value, and that increased crop
costs are either passed on to the buyer, com-
pensated by the resulting increase in product
quality, or returned in some measure through
crop production increases which cannot be
achieved by any other method (e.g., growing a
September-seeded crop under HID lighting).

Overall Heating Reduction

Each cost category outlined previously
affects overall energy use, as has been
demonstrated. Putting the various options
together in different combinations is an im-
portant step in defining which package to
use. Not every greenhouse operation will be
the same as the Fredericton example. One
method of indicating all the combinations is
to tabulate all the options as shown in
Table 10, on the assumption that they are
applied in order of ascending cost.

The summary for the Fredericton example
indicates that potential fuel savings can
range over a very wide spectrum from a low of
7% up to 62%.

Such ordering facilitates choosing be-
tween alternatives, and may be used either
between or within cost groups. Although
choosing rigorously among the no-cost and
low-cost options may initially be trivial,
eventually, after a series of such choices,
energy costs will he reduced to a low level.
Then, even low-cost methods become signifi-
cant because of the length of time taken for
cost recovery.

Capital Costing 

As was noted previously, every green-
house operation differs culturally, structur-
ally, and climatically. The lack of a common
starting point makes a universally applicable
package of energy-conserving recommendations
impractical. Further, since many energy-
saving methods require high initial invest-
ment (or alternatively may never justify
their expense on the basis of savings regard-
less of the first cost), and since in any
business the supply of money is not un-
limited, some measures must be chosen while
others are excluded. In an attempt to apply
a simple common denominator for all situ-
ations, the "payback method" is commonly--and
incorrectly--used to determine which of a
group of energy-reducing options is best.



A discussion of the mechanics of capital
costing is beyond the scope of this paper.
It is a powerful tool for assessment of the
real costs and profits associated with the
various combinations of alternatives which
comprise energy conservation packages. The
use of capital costing methods allows the
nurseryman to select which package is best
tailored to his objectives. The spectrum of
such objectives may legitimately range from
lowering oil use maximally on a cost-recovery
-only basis--i.e., investment sufficient to
equal the oil dollars saved (applicable to a
restricted energy supply situation) --to max-
imizing the profitability of a commercial
nursery operation. A thorough treatment of
capital costing is contained in many standard
references such as Fleischer (1969).

ELECTRICITY: A FORGOTTEN COST

The topic of energy conservation is in-
complete if electrical consumption is not
considered. Winter-growing electrical costs
(see Fig. 2) result primarily from the
running of the heating system and the use of
lighting to prevent dormancy.

Most nurseries are classed by the power
utility as industrial users, and therefore
are subject to a different billing calcula-
tion than the residential user. In its simp-
lest form, the monthly bill has two compon-
ents. A "peak demand" charge is levied for
the highest number of kilowatt-hours (KWH)
used at any one time, and a total use or
"energy" charge, similar to that levied on a
homeowner, is added to account for the total
number of KWH used over the month.

Reduction of greenhouse heating require-
ments can directly influence electrical
costs. The decreased demand for hot water

(or steam) results in less running time for
the various pumps and valves associated with
the boiler and heat distribution network.

The type of supplementary lighting used
(Fig. 6) may also result in widely different
power consumption.

The three systems (static incandescent,
mobile incandescent, and mobile fluorescent)
have power requirements (including the irri-
gation cart motor in the latter two) of 7.7,
1.2, and 0.9 KW, respectively. If these sys-
tems are active for an average of two hours
per night for the months of January through
March, seasonal costs at current New Bruns-
wick rates 4 would be approximately $60, $9,
and $7, respectively, on the basis of KWH
consumption alone, or $204, $32, and $24, re-
spectively, if demand is assumed to be
directly increased by their use.

FUTURE TRENDS

As was noted earlier, greenhouse energy
consumption can be greatly lessened. Cur-
rently, the extent of the reduction is
limited more by a lack of knowledge of seed-
ling growth processes and quality indices
than by technical restraints. However, be-
cause energy use can still be significantly
cut, the large number of options available
using a winter growing schedule for growth
and conditioning will remain too attractive
to be ignored.

In the Maritimes, current levels of
winter container stock production will
probably be maintained or even expanded for
several reasons: first, the predicted future



wood shortage in some regions; second, the
more intensive use of genetically superior
seedlings for both seed orchards and out-
planting, where a relatively small decrease
in time to rotation or flowering more than
compensates for the extra front-end costs;
and third, the high capital and labor cost
penalty incurred by not making year-round use
of existing facilities.

Substantial innovation in planning for
expanded production is likely in the future.
Large-scale contracting-out of nursery
functions will increase, where centralized
companies or cooperatives, set up specifical-
ly for the purpose, will be given responsi-
bility for providing seedlings for outplant-
ing. The economies of scale would allow such
groups to research growth and quality im-
provements intensively in addition to moni-
toring and producing stock. Also, a large
operation would permit allocation of the sub-
stantial capital associated with, for in-
stance, locating near and using waste heat
sources. (Such an installation on a small
scale exists already at a heavy water plant
in Nova Scotia, and another demonstration
unit has been proposed by the electrical
utility in New Brunswick for installation
near a thermal generating station.) Indeed,
should energy availability, as opposed to
cost, become critical to the extent that
"non-essential" energy users are actively
discouraged from operating, such a facility
might be the only alternative available to
the grower for winter-grown stock.

It appears that, even in the midst of an
on-going energy crisis, current winter con-
tainer culture systems are unlikely to dis-
appear. Because large-scale containerized
seedling production is a relatively recent
phenomenon, the container nurseryman is at an
advantage or disadvantage, depending upon
one's point of view. Unlike the horticul-
turalist, he potentially can effect greater
energy savings because there is much greater
scope for cultural improvement arising from a
better understanding of basic physiology.
However, fuel cost and/or availability may
limit the allowable time for development of
optimized cultural systems. Energy conserva-
tion may just allow the grower an extended
period of grace.
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h. Energy conserving in the sense that crop cultural conditions are optimized, resulting in a
delayed seeding time to achieve equal or better crop size and/or quality.

i. Microcomputer control may have substantial effects on quality and perhaps survival, but only
if there is adequate information about the physiological requirements of the species grown.

j. HID lighting is, at present, used only for special crops.

k. This option is usually restricted to the planning of new nursery sites.

1. An E-W single greenhouse has better winter light interception than a N-S greenhouse.
Alignment is not as critical in gutter-connected structures.

m. Savings vary according to average windspeed, type of greenhouse cover, how tight the
greenhouse is (infiltration rate), and whether a shelterbelt is maintained (pruned, trimmed)
as it matures.

n. Infiltration will be reduced more in older, looser glasshouses.

o. 3- to 5-year plastics are sometimes thicker (e.g., 10 mil) and may result in unacceptable
light loss. Nonetheless, buying PE (or other plastics) is still buying oil, only in a
different form.

p. PE is transparent to infrared (radiant) energy, and a significant component of nightly
losses can be attributed to radiation to a clear sky on cold nights.

q. Fibreglass, cellulosic and certain types of foam insulation degrade when exposed to high
humidity. Use of rigid sheet materials impermeable to water vapor is recommended.

r. Initial cost is variable depending upon the amount of labor associated With installation.
Sites with a high water table require vertical installation, and perhaps even drain tile
below the insulation. Well drained gravelly sites may have the insulation laid horizontally
just below the surface, perhaps inside the greenhouse. Savings diminish with the use of
raised benches, good snowcover (which acts as an insulator) and the size of the greenhouse
(perimeter:floor area ratio).

s. CO2 is depleted more quickly in a tightly sealed greenhouse. Minimal ventilation or
(preferably) supplementary CO2 will be required, especially on sunny days.

t. If foil-backed building paper is used, periodic replacement will be necessary, as the
surface dulls (oxidizes) in high-humidity areas.

u. Removing the crop from the floor warms the root zone.

v. Under-bench heating warms the soil, promotes air-pruning and drying.

w. Of the wide variety of thin blanket materials available, a non-porous white/aluminized
material (or one with a reflecting surface on both sides) is the most thermally efficient.
The aluminized surface should face the coldest region, i.e., the outside. Condensation may
be a problem if the blanket cannot be sloped to allow runoff. Fabrics with an internal mesh
or scrim are probably more durable. Good edge and gap sealing are imperative for maximum
efficiency. Thick materials (R 6-10) are available but are difficult to deploy and store.

x. Using a photocell ensures that morning retraction and nightly deployment do not occur until
light conditions based on crop needs are correct. This minimizes loss of usable light to
the crop, and increases thermal screen "on-time" since the material is in place during part
of the day (for a brief period both after sunrise and before sunset).
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y. Use of a snow sensor permits the blanket to be retracted only during and after a storm to
allow melting, rather than for the whole night period when snow is expected.

z. Depending upon the size of the complex, and relative costs of different fuels. Heating
efficiency is easier to maintain in a centralized system and fuel change-over costs are
lower.

aa. During long periods of low heating demand, boiler on-cycles occur infrequently, resulting in
soot accumulation, and decreased overall service efficiency.

bb. This unit increases service efficiency during low heating demand periods by preventing the
flow of draft air up the flue when the boiler is not firing, and the resultant cooling of
internal heat exchange surfaces. It is less effective during times of almost continuous
firing.

cc. Although the method is not new, its effectiveness in newer boiler models has been
questioned.

dd. Size of the free opening required can be obtained from the boiler manufacturer.

ee. A highly experimental system which uses low-level radiant heat to warm plant surfaces rather
than the greenhouse air. Effects on soil temperature when container stock is used are not
known. Could perhaps be used with soil bed heating and flats on low pallets.

ff. No energy reduction, but rather a more efficient use of space to reduce unit crop cost.
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