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ABSTRACT

This report exam nes the capital and operating costs for fossi

fuel -fired peak heating systens in geothermally (direct use) heated
gr eenhouses. |ssues covered include equi pnent capital costs, fuel
requi renents, mai ntenance and operating costs, systemcontrol and
integration into conventional hot water greenhouse heating systens.
Annual costs per square foot of greenhouse floor area are devel oped

for three climtes: Hel ena, MI; Klamath Falls, OR and San
Ber nardi no, CA, for both boiler and individual unit heater peaking
systens. I n nost applications, peaking systens sized for 60% of

the peak load are able to satisfy over 95% of the annual heating
requi renents and cost |ess than $0. 15 per square foot per year to
oper at e. The propane-fired boiler system has the |east cost of
operation in all but Helena, MI clinmate.
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FOSSI L FUEL- FI RED PEAK HEATI NG FOR GEOTHERVAL GREENHOUSES

EXECUTI VE SUMVARY

Heating of greenhouses is one of the |argest uses of |ow
t enperature geothermal resources. In nost cases, the existing
projects use the geothermal heat in systenms which supply 100% of
the peak and annual heating requirenents. As these facilities
expand, sonme operators nmay encounter limtations in either the
production or disposal of the geothernmal fl uids. Such flow
restrictions can result in the necessity of operating new
facilities (at | ower tenperatures) using effluent fromthe existing
devel opnent s.

From an engi neering standpoint, the obvious strategy is to sel ect
heating equi pment (fan coil units or unit heaters) which perform
wel | under | owtenperature conditions. Unfortunately, this type of
equi pnment is not acceptable to many growers, particularly cut
fl ower and beddi ng pl ant operators. These operators prefer the so-
called bare tube system in which the hot water is circulated
t hrough smal | dianeter plastic tubes |ocated under or adjacent to
the plants. These systens are |ow cost, easy to install and
unencunbered by the necessity for fans to circulate the air. On
t he negative side, however, they require substantial quantities of
tubing to provide 100% of the heating needs at |ow outside
t enper at ur es.

This report explores the cost of installing and operating a fossil
fuel -fired (propane or fuel oil) peak heating system designed for
20 to 50% of a greenhouse peak heating | oad.

Due to climate related tenperature occurrences, it is possible to
design a geothermal system for only 50% to 60% of the peak heat
| oss of a greenhouse and still neet well over 90% of the annua

heat energy needs of the structure. This is a result of the fact
that the col dest outside tenperatures (for which heating systens
are normal ly designed) occur only a few hours per year. The bulk
of the hours in a typical heating season occur at roughly halfway
between the mninmum tenperature and the tenperature maintained
i nsi de the greenhouse. As a result, a down-sized geothermal system
is able to satisfy nost of the annual heating requirenents.

Two broad approaches to installing a peaking systemare individual
unit heaters or a central boiler. The unit heaters, because of the
| ar ge nunber of individual pieces of equipnent, tend to result in
a higher capital cost for a given heat output than the boiler
appr oach.



The boiler design, on the other hand, results in higher fuel cost
in a given application than the unit heater system This is a
result of its incorporation into the heating |loop and its negative
i npact on the capacity of the geothermal heat exchanger during
peaking. The unit heaters, since they are a separate system do
not influence the capacity of the geothermal systemduring peaki ng.

Figures A, B and C provide information on the costs (ownership,
mai nt enance and fuel) associated with the operation of a fossi
fuel (propane and fuel oil) fired peaking systemin three different
climates assum ng a 60° tenperature in the greenhouse. |n general
the propane fired boiler systemis the |east total cost systemfor
nmost applications due to its lowinstallation cost. Only in the
coldest climate (Helena, MI) where fuel consunption (rather than
equi pnent cost) is the dom nant cost factor does another system
(oil boiler) provide for |east cost.

Peaking System Cost - Helena MT
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Figure A. Peaking System Cost - Hel ena, M



Peaking System Cost - Klamath Falls
1 acre house, 60 F inside
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Fossil fuel-fired peaking is unlikely to be used in applications
where an acceptable geothernmal system can economcally neet the
peak heating load. |In applications where the geothermal resource
flow is limted, this approach permts the grower to use the
heati ng system of choice for a reasonable increnent in operating
cost.



| NTRODUCTI ON

G eenhouses are a mmjor application of |owtenperature geothernma
resour ces. In virtually all operating systens, the geothermnal
fluid is used in a hot water heating systemto neet 100% of both
t he peak and annual heating requirenents of the structure. This
strategy is a result of the relatively | ow costs associated with
t he devel opnent of nost U. S. geothermal direct-use resources and
past tax credit prograns which penalized systens using any
conventional fuel sources.

Greenhouse operators tend t o have unequi vocal preferences regarding
heati ng system equi pnent. Many growers, particularly cut flower
and beddi ng plant operators, prefer the "bare tube" type heating
system This systemplaces small dianeter plastic tubes under the
benches or adjacent to the plants. Hot water is circul ated through
the tubes providing heat to the plants and the air in the
greenhouse. Advantages include the ability to provide the heat
directly to the plants, low cost, sinple installation and the |ack
of arequirenent for fans to circulate air. The ngjor di sadvant age
of the system is poor performance at |ow (<140°F) water

tenperatures, particularly in cold climates. Under these
conditions, the quantity of tubing required to neet the peak
heating load is substantial. 1In fact, under sone conditions, it is

sinply inpractical to install sufficient tubing in the greenhouse
to meet the peak heating | oad.

As a result of these considerations, it is comon practice, when
expanding an operation, to punp additional water from the
production well (or a new well) to serve the systemin the added
greenhouse area. This sinplifies the design process for the
devel oper since the sane heating equipnent (spacing, size,
di aneter, etc.) can be used as in the existing structure. |n cases
where available geothermal fluid is not limted, this is the
obvious strategy. |In many cases, however, limtations in either
production or disposal restrict the available flow rate. Under
t hese circunstances, either the design of the heating system nust
be nodified to use the lower tenperature fluid available as
effluent fromthe existing operation.

Forced-air heating equipnent (unit heaters, fan coil units, etc.)
is very effective at |ow tenperature operation. Unfortunately,
many growers strongly resist using it. In these cases, the use of
cascaded geothermal fluid to provide a portion of the heating
requi renents (base |load) along with a conventionally-fuel ed peak
heati ng system may be an effective strategy.

For a system operating froma 180°F resource, exit water (at say,
140°F) from the existing facility would be supplied to the new
addi ti on. In the newfacility, the |lower water tenperature would



reduce tubing systemoutput to only about 60% of the required peak
out put (assum ng tube length, spacing and dianeter is the sane).
The difference could be nmade up from a conventionally-fueled
heati ng system

Due to tenperature occurrences in nost western geothernmnal
| ocati ons, a base load system (geothermal) designed for
approxi mately 60% of the peak | oad can actually neet 95+% of the
annual heating requirenents. As aresult, afacility withlimted
geot hermal flow can expand, use the heating system of choice and
still achieve substantial energy savings with a base | oad/ peak | oad
heati ng system design. In addition, the fossil-fuel ed peak | oad
systemoffers a no-cost energency backup in the event of a failure
in the geothermal system

The text of this report includes a nunber of ternms common to
heating | oad calculations, but unfamliar to some readers. A
gl ossary including these terns appears at the end of the report.
Terms included in the glossary appear in bold at their first
appearance in the text.



CONVENTI ONAL GREENHOUSE HEATI NG SYSTEM

Conventi onal greenhouse heating systens can take a wi de variety of
configurations (unit heater, fan coil unit, bare tube, finned pipe,
etc.). Two systemtypes, however, are nost common: fan coil and
bare tube. The fan coil heating units, as the nanme inplies,
include a fan for noving the air and a coil or heat exchanger for
transferring heat fromthe water to the air. Several designs are
avail able with sone off-the-shelf units optimzed for performance
at low (<120°F) tenperatures. Custom designed units are also
soneti mes used.

Bare tube systens consist of a large quantity of bare tubing
usually of polyethylene, polybutylene or EPDM distributed
t hroughout t he greenhouse. Bare tube systens, in conparisonto fan
coil systens, are characterized by | ow equi pnment cost and zero fan
energy consunption and sinple installation practices. This nmakes
the bare tube systemespecially attractive to greenhouse growers.
The tubing system permts do-it-yourself installation, another
feature attractive to developers. At |low water tenperature, bare
tube systens require substantial quantities of tubing to neet 100%
of the peak heating requirenent in cold climtes.

Al'l hot-water heating equi pnent suffers from reduced capacity as
the tenperature of the water supplied to it is reduced. The nature
of this capacity reduction is a function of the equipnment type.
Characteristic curves for bare tubing and fan coil units are shown
in Figure 1. As indicated, the capacity of the equi pnent at 120°F
is approximately 47% of its capacity at 180°F. This transl ates
into the need for nore and |arger equipnent to nmeet the heating
| oad at | ow tenperature.

Fan Coil and Tube Performance
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Figure 1. Fan Coil and Tube Perfornmance



Figure 2 presents sone data on the cost inpact of various supply
wat er tenperatures for three types of heating equi pnent. The costs
shown on the vertical axis are the system (term nal equipnent,
distribution piping, central heat exchanger and circul ating punp)
costs in $/ft2 of greenhouse floor area for a systemsupplying a 1-
acre greenhouse (60° inside, 0° outside) using conventional design
practices (100% of the peak). The systens shown include bare tube
(BT), lowtenperature unit heater (GLW and standard unit heater

(UH) .

Greenhouse Heating Equipment Costs
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Figure 2. G eenhouse Heating Equi pnment Costs

It is apparent that the fan coil and unit heater systens are nore
capabl e of econom cally dealing with | ow supply water tenperatures
than the bare tube system The reason for the high costs of the
bare tube system at |ow tenperatures is illustrated in Figure 3.
As indicated, the tubing length requirement at 110°F s
approxi mately 397,000 feet conpared to 106,000 feet at 180°F. This



means that for the exanple greenhouse, tubes would have to be
spaced at intervals of less than 1 1/2 inches (over the entire
floor area) to neet the |oad.

Bare Tube Length Requirement
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Figure 3. Bare Tube Length Requirenent

To nmaintain the tube length at reasonable values with a |ow
tenperature resource, the tubing system nust be augnented wth
ot her hot water equi pnent (fan coil units) or a conventional fuel-
fired system



CLI MATE CONSI DERATI ONS

The rationale behind using different base |oad and peak | oad
heating systens lies in the annual tenperature profile. Table 1
presents weather data for a typical western U S. high-desert
| ocation. It is apparent that the annual nunber of hours at very
| ow outside tenperatures is quite |low conpared to the nunber of
hours at nore noderate tenperatures. The sanme data is portrayed
graphically in Figure 4.

Tabl e 1.
Annual Tenperature Occurrences (Bin Data)
Klamath Falls, OR

Qut si de Tenperature (°F) Hour s/ Year
95 - 99 1
90 - 94 39
85 - 89 124
80 - 84 235
75 - 79 313
70 - 74 373
65 - 69 468
60 - 64 551
55 - 59 658
50 - 54 783
45 - 49 826
40 - 44 931
35 - 39 1044
30 - 34 1132
25 - 29 675
20 - 24 352
15 - 19 150
10 - 14 82

5- 9 39
0 - 4 17
-5 - -1 6
-10 - -6 2
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Temperature Occurrences
Klamath Falls OR
1200 [T
Temperatures represent the midpoint
o 1000 ofinzwidual binz ie 52 represeris
8 occurrences from 50 to 54.
£ 800
8 600 -
e B
S 400 -
T B
200 -
. Ina._
575247 42 37 3227221712 7 2 -3
Outside Air Temp

Figure 4. Tenperature Cccurrences

This data is arranged in 5° increnents (i.e., 70°F to 74°F). These
5° increments are known as tenperature "bins" and the data from
which it comes is referred to as bin data. Bin data for many
| ocations in the US. is published by the Defense Departnment in
Engi neeri ng Weat her Data, AFM 88-29, 1978.

The rate at which heat nust be supplied to a structure (Btu/hr) to
of fset heat loss is directly related to the tenperature difference
between the outside air and the tenperature inside the structure.
The so-called peak load is calculated at an outside tenperature
referred to as the design outside tenperature. This is a value
bel ow which only 1% of the hours in a typical w nter occur.
Conventional practice in the US. for geothermal systens is to
design the system for 100% of the peak | oad.

It is apparent fromTable 1 that a system desi gned for 100% of the
peak | oad actually operates at those conditions for only a very few
hours per year. |In fact, the bulk of system operation occurs at
| oads of 50%or less. As a result, a systemdesigned for 100% of
the peak load is grossly under utilized.

The anount of energy required to heat a building (on annual basis)
is determned by the nunber of hours occurring at outside
tenperatures |l ess than the tenperature maintained in the structure.
The quantity of annual energy required at a particul ar tenperature
bin is determned by the nunber of hours at that bin and the

11



tenperature difference between it and the inside tenperature of the
structure. Summi ng the nunmber of hours at various outside
tenperatures permts the developnent of a cumulative heating
requi renent curve simlar to that in Figure 5. This particul ar
pl ot was devel oped for an inside tenperature of 60°F using the
weat her data from Table 1. The plot indicates the percentage of
annual heating requirenents occurring above (or bel ow) a particul ar
outside air tenperature. For exanple, reading vertically from30°F
to the intersection with the curve and then horizontally to the
axis, yields a figure of approximately 71% That is, 71% of the
annual heating requirenent occurs above this tenperature.

Annual Heating Energy Requirements
versus Outside Temperature
3:I.OO = —L_i\\i\
S 80 h
g ~
S 60 R
o
T 40 -
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c
= 20 -
S 0 \i\\wi__
-10 0 10 20 30 40 50 60
Outside Air Temperature

Figure 5. Annual Heating Energy Requirenment
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This is significant since the normal design tenperature in the
Klamath Falls area is 0°F. A systemdesi gned for 30°F woul d be only
50% the size of a normal system designed for 100% of the |oad
(assum ng an inside design tenperature of 60°F). Despite this, it
could capture 71%of the annual heating requirenents. |In addition
to this, the down-sized systemwoul d capture nost of the remnaining
29% of heating energy requirement by operating in parallel wth a
peaki ng system

Figure 6 presents a plot of the annual energy requirenents which
coul d be net by a base | oad systemdesi gned for vari ous percent ages
of the peak | oad. This plot assunmes that the base |oad system
continues to operate (at its maxi numcapacity) in parallel with the
peak | oad system bel ow t he bal ance point. The 50% (of peak | oad)
system descri bed above would capture approximtely 93% of the
annual heating requirenents of the structure (assumng a 60°F
inside tenperature, O0°F design outside tenperature and Table 1
weat her dat a).

Annual Heating Energy Capture
60 F inside, Klamath Falls OR
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Figure 6. Annual Heating Energy Capture

It is clear that due to the nature of tenperature occurrences, the
base | oad heating system capable of neeting only half the peak
heating requirenment and still neets nore than 90% of the annual
heating energy needs of a structure.
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PEAKI NG EQUI PMENT CAPI TAL COSTS

Two broad approaches are avail able for the use of conventionally-
fired peak heating equipnment in a hot water greenhouse heating
system individual unit heaters and central peaking boiler.

I ndi vidual unit heaters offer the advantage of zero floor space
requi renents (since they can be hung fromthe ceiling). Because
each unit requires accessory equipnment (flue pipe, thernostat,
distribution "poly tube", fuel line, electrical connection, etc.),
the cost of a given anount of heating capacity is relatively high
in conparison to the boiler approach. This affect is conpounded by
the need to use a large nunber of units to assure adequate air
distributionin alarge greenhouse. For exanple, consider a 1-acre
gr eenhouse for which a peaking systemcapacity of 1,300,000 Btu. hr
is required. Although it is possible to supply this capacity with
just three or four large wunits, to assure adequate air
distribution, a mnimumof 8 or 10 units shoul d be enpl oyed. Costs
for unit heater capacity assumng 10 units per acre appears in
Figure 7.

Peaking Equipment Costs

vs Capacity in 10E6 Btu/hr
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Figure 7. Peaking Equi pnent Costs

The costs shown include, for the propane (or natural gas), fired
unit heaters: wunit heater (blower type), installation, flue pipe
and cap, thernostat and wre, fuel distribution pipe (inside
greenhouse), and el ectrical connection (120 v). Costs for the oi

unit heater equipnment reflects the much higher cost for this type
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of unit and includes the cost of a double-wall oil storage tank
(2500 gal). Ql-fired unit heaters are nuch nore expensive (50 -
80% dependi ng upon si ze) than equival ent capacity gas-fired units.
This fact along with the cost of the oil tank tends to push the
cost of the oil-fired unit heater system far above the other
al ternatives. Less expensive propeller fan type gas-fired unit
heati ng equi pnment is avail able. This equipnment, 18 to 25% | ess
than the blower units, is not suitable for extensive air
distribution through "poly tube" ducts. As a result, it has not
been considered in the costs shown in Figure 7.

The central boiler approach involves the installation of a peaking
boi | er downstream of the geothermal heat exchanger. The boiler's
function is to boost the supply water tenperature to the heating
equi pnent during the peak |oad period. The higher water
tenperature allows a down-sized tubing system to provide the
required capacity to neet the space heating requirenent. Because
only a single piece of equipnent (along with its accessory
equi pnent) is required, the cost of a given heat output is nuch
| ower than for the unit heater equi pnent cited above. Figure 7
presents costs for both propane- and oil-fired cast iron boiler
equi pnent . These costs include boiler, stack, electrica
connection, fuel lines, controls, 3-way valve, circulating punp,
installation, and for the oil system a double-wall storage tank of
2500 gal

It is clear from Figure 7, that in the system capacity range of
500, 000 Btu/hr to 2,000,000 Btu/hr, the unit heater system (UH) is
al ways nore expensive to install than the boiler design (BLR)

Again due to the cost of the oil storage facilities, the oil boiler

systemis higher than the gas (or propane) systemby a substanti al
margin (-66% .

15



CONTROLS AND OPERATI ONAL CONSI DERATI ONS

The object of the peaking equipnent is to provide the capacity
di fference between the structure's requirenent and the capacity of
the base | oad (geothermal) system This task nust be acconpli shed
in such a way as to produce even heat output and wthout
conprom sing the performance of the base | oad system

Peaking with individual unit heaters is a sinple process wth
regard to controls. Each individual wunit is equipped with a
thernostat which initiates operation of the unit when additional
capacity is required in the zone that it serves. To elimnate
unnecessary operation, it is useful to incorporate an outside
tenperature driven | ockout to prevent use of the peaking unit above
t he bal ance poi nt tenperature.

For the boiler design, the situation is sonewhat nore conpl ex.
This results fromthe boiler being incorporated into the heating
| oop. Because the boiler changes the tenperature of the supply
water, it not only influences the output of the term nal equi pnent
but al so the capacity of the geothernmal heat exchanger.

to terminal
equipment from terminal

A controller outdoor temperature equipment

/@ sensor
T

3-way geothermal
145° control valve 1359 heat exchanger 105°
< — - —<
circulation
pump | T T~~~
»_
<) 4 \ 4
A 4
= e
140°
G
- 110°
peaking geothermal
boiler flow

Figure 8.  Heating System Fl ow D agram
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Figure 8 presents a common design for installing a boiler on a
circulating water | oop. Located downstreamof the heat exchanger,
the boiler's function is to raise the supply water tenperature to
the term nal equi pnment during the peak heat |oad period. This is
acconplished by resetting the supply water upward as the outside
air tenperature decreases. Table 2 presents a typical tenperature
reset schedule. 1In this case, the boiler begins operation between
30 and 25°F outside air tenperature. Actual tenperatures wll vary
W th system desi gn.

Table 2
Typi cal Supply Water Tenperature Reset Schedul e
and System Performnce

Qutside Air Supply Water Ret urn Geot her mal Heat Gr eenhouse Requi red %
Tenp Tenp Tenp Exchanger Capacity Load Boi | er CQut put Geot her nal
25 140 105.0 2,116, 000 2,116, 000 0 100
20 149 109. 6 1, 866, 000 2,418, 000 552, 000 77
15 159 114.1 1, 627, 000 2,721, 000 1, 092, 000 60
10 168 118.3 1, 407, 000 3,023, 000 1, 616, 000 47
5 177 122.3 1, 197, 000 3, 325, 000 2,128, 000 36
0 186 126. 3 989, 000 3, 627, 000 2,638, 000 27

As the supply water tenperature rises, the output of the term na
equi pnent rises. At the sane tine, the tenperature of the return
water rises as well.

The rise in return tenperature occurs at a rate less than the
supply water increase due to the higher output of the term na

equi pnment (which results in an increasing systemDT). However, the
rising return water tenperature erodes the capacity of the
geot hermal heat exchanger to the extent that its capacity at the
peak condition (O°F outside) is approxinmately 50% of its capacity
prior to the initiation of boiler operation.

The inpact of this decreased geothernmal heat exchanger capacity is
illustrated in Table 3 which conpares the performance of wunit
heaters and boil er peaking strategies for the same exanpl e case.

Table 3

Conparison of Boiler and Unit Heater Peaking Strategies

Qutside Air Boi | er Fuel % Unit Heater Fuel %
Tenp Hrs/ Yr (gal Propane) Ceot her nal (gal Propane) Ceot her nal

20 352 3107 77 1687 88

15 150 2591 66 1440 78

10 82 2085 47 1180 70

5 39 1317 36 748 64

0 17 617 27 407 58

9717 gal 5462 ga
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As indicated for this exanple, the boiler design requires
approximately 78% nore fuel than the unit heater design. At the
peak condition (0°F), the unit heater supplies 58% of the heating
energy needs of the structure conpared to the boiler's 27%

This neans that the required capacity of the peaking boiler is
|arger than that of the unit heater equipnent for the sane
application. This disparity in required capacity at the peak | oad
becones nore pronounced as the percentage of peak |oad carried by
t he base | oad systemdecreases. For exanple, a systemin which the
base | oad capacity is 40% of the peak would suggest a peaking
boil er sized for 60%of the load. |In fact, due to issues di scussed
above, the boiler would have to be sized for 93% of the peak.
Tabl e 4 provides a summary of the peaking boiler and unit heater
sizing requirenents for selected base | oad system capacities.

Table 4
Peaki ng System Si zi ng Requi renents
(60°F I nside, O0°F Qutside)

Base Load System Unit Heater System Boi | er Peaki ng
Capacity (% of Peak) Peaki ng Capacity (% of Peak) Capacity (% of Peak)
40 60 93
60 40 73
80 20 27

Figures 9, 10 and 11 present heating energy displaced for unit
heater type peaking systens in three different climtes for a
variety of inside tenperatures set points. Figures 12, 13 and 14
present the sane information for boil er peaking system Although
t he percentages of displaced energy appear to be quite simlar to
the unit heater values for boiler system because the heating
energy requirenment for greenhouses are so high, small percentage
differences translate into substantial fuel cost differences.
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Table 5 presents the fuel consunption for 1l-acre greenhouse in the
three climates for the sane tenperature set points as in Figures 9
through 14. Using the Klamath Falls climte data as an exanpl e,
for a systemwith a base | oad capacity of 60%of the peak and a 60°
day/ 60° ni ght set point, the boiler systemwould displace 94. 8% of
the annual heating requirenments conpared to 97.2% for the unit
heat er design.

Al t hough these figures seemconparabl e, attaching fuel consunption
values to themclearly indicates the difference. Using data from
Tabl e 5, assum ng the use of propane as the fuel, the boiler would
require 4,613 gal/yr and the unit heater system 2,484 gal/yr.

Table 5
Fuel Consunption for 1-Acre G eenhouse - Btu x 10°
Hel ena, Ml Klanath Falls, OR San Ber nardi no, CA
60°/ 60° 7.36 5.59 1.78
60°/ 55° 6. 37 4.52 1.09
65°/ 60° 7.59 5.81 1.88
65°/ 65° 8. 69 6. 96 2.77

Not es: Doubl e poly roof, single fiberglass sides, 1 ACH.
To convert to gallons of propane per year, divide by 63,000.
To convert to gallon of fuel oil per year, divide by 93, 000.
To convert to thernms of natural gas, divide by 70, 000.
Conver si ons assume 70% effi ci ency.
At $1.00/gal and 70% efficiency, fuel oil cost $10.20/10° Btu and propane
$15.87/10° Btu. At the same efficiency at $0.50 per therm gas cost $7.14/10° Btu.
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COST OF | MPLEMENTATI ON

Usi ng Figures 9 through 14 along with Table 5, the capital cost for
equi pnent and the annual fuel cost can be calculated for any
application (based on the three climtes used in this report). As
di scussed above, the boiler approach is characterized by |ower
equi pnent cost than the unit heater approach, but higher fuel
consunption in a given application. As a result of this, for a
given set of conditions, there will be an optinum system from a
total cost standpoint.

Cal cul ati on of the | owest cost systemfor a particul ar application
i nvol ves consi deration of equi pnent ownership cost (capital cost
and financing), fuel costs, equipnent naintenance and fan energy
(unit heater systen)

This is best illustrated with an exanple. Consider a 1-acre
greenhouse to be built in a noderate climate (Klamath Falls) in
whi ch effluent froman existing facility will be used as the supply
for the new construction. Using the effluent will permt the
heati ng system to neet 55% of the peak | oad. Propane w !l be
enpl oyed for the peaking fuel and i nside tenperature set point wll
be 60°F day and ni ght.

Assum ng a double poly roof/single fiberglass construction, the
peak heating load for the structure would be 2.77 x 10% Btu/hr. As
a result, the unit heater peaking equi pnent woul d be sized for .45

x 2,780,000 - 1,247,000 Btu/hr. The boiler would be sized
(interpolating from Table 4) for .75 x 2,770,000 = 2.16 x 10°
Bt u/ hr. From Figure 6 the capital cost for the peaking system

woul d be $37,000 for the unit heaters and $42,500 for the boiler.
Based on 15 years/8%fi nanci ng, the annual cost of the unit heater
equi prrent woul d be $4, 322 and $4,694 for the boiler system

Usi ng Figure 10 and Tabl e 5, the annual propane consunption for the
unit heater systemwould be 4,436 gallons ((1 - .95) x 5.59 x 10°
+ 63,000) and 7,892 gallons ((1 -.911) x 5.59 + 63,000) for the
boil er system

Assumi ng a val ue of 2% of capital cost for equi pnent mai ntenance,
the cost for the boiler system would be $850/yr and for the unit
heat er system $740/yr. Fan energy consunption is a function of the
si ze and nunber of unit heaters installed. Assumng 10 units at
125,000 Btu/ hr each, the fan notor in each unit would be 1/3 hp
For 10 units, 3.3 hp or approximately 2.9 kW For 1325 hours per
year operation, the electric consunption would anount to 1590 kWwh
or about $111 at $0. 07/ kWwh.

Tabl e 6 presents a summary of the costs for the two peaki ng systens
in both $ and $/ft? of greenhouse.
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Table 6
Summary of Peaking System Costs - Propane Exanpl e

Unit Heaters Boi | er
$ $/ft? $ yft?
Equi prent (15 yrs/ 8% 4,322 . 099 4,969 0.114
Mai nt enance (2%of capital) 740 . 017 850 0.019
Electricity ($0.07/kWwh) 111 . 003 0 0
Fuel ($1.00/gal) 4,436 . 102 7,897 0.18
Tot al 9, 609 . 221 13,716 0.313

In this case, the unit heater design is the clear choice due to its
| oner equi prent and fuel costs. |If fuel oil was to be the peaking
fuel in the sane situation, the results are quite different. Table
7 presents the results for the oil case.

Table 7
Summary of Peaking System Costs - Fuel O Exanple
Unit Heaters Boi | er

$ $/ft? $ yft?
Equi prent (15 yrs/ 8% 7,241 0. 166 3,738 0.086
Mai nt enance (2%of capital) 1, 240 0. 028 640 0.015
El ectricity ($0.07/ kW) 111 0. 003 0 0.0
Fuel ($1.00/gal) 2,851 0. 065 5,076 0.117
Tot al 11, 443 0. 262 9, 454 0.218

In the case of fuel oil, the much higher cost of oil-fired unit

heat er equi pment tends to be the pivotal cost item Despite the
| oner fuel costs for the unit heater system the boiler design is
t he cl ear choice.

24



CONCLUSI ONS

It is unlikely that a base | oad/ peak | oad system would be used in
pl ace of a 100% geot hernmal systemif the decision was based solely

on costs. In nost, if not all, cases, the base |oad/peak | oad
systemw || have both hi gher operating cost and capital cost than
a geot hermal system designed to neet 100% of the peak. I n cases

where there is limted geothermal flow available and the grower
W shes to use a systemwhich is difficult to apply at |ow water
tenperatures, the use of fossil fuel peaking permts the use of the
growers preferred system for a reasonable increnment in operating
costs.

Figures 15, 16 and 17 summarize the cost data discussed in the
previ ous section and present the total costs associated with the
peaki ng systemfor the three climates discussed inthis report. 1In
each case, the costs are presented in $/ft? of greenhouse, a val ue
comonly used in the greenhouse industry.

Peaking System Cost - Helena MT
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% Peak Load as Geothermal
fuel oil and propane @ $1.00 per gal.,70 % efficiency, electricity @
$.07/kWh 8%/15 yr financing, no night setback, dbl poly/fibreglass house

Figure 15. Peaking System Cost, Hel ena, M
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Peaking System Cost - Klamath Falls
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Figure 16. Peaking System Cost, Klamath Falls, OR
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Figure 17. Peaking System Cost, San Bernardi no, CA
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For the coldest climate, the i npact of heating fuel consunption is
clear. For base | oad systemcapacities of |less than 60% the oil -
fired unit heater design, despite its substantial capital cost, is
the | east expensive systemto operate. This is due to the large
fuel requirenents under these conditions. For base |oad system
capacities of greater than 60% this system steadily | oses
conpetitiveness, and above 65% it is the highest cost system

The propane unit heater and propane boil er approaches are very
cl ose to each other and are the | east cost choice in the 55%to 75%
base |oad capacity range. The propane boiler design is not
conpetitive except above 75% base | oad capacity.

In the noderate Klamath Falls climte, the |ower heating energy
requi renent (conpared to Helena) results in the oil-fired unit
heater system being cost prohibitive under all conditions. For
base | oad system capacities under 55% the oil boiler is the | east
cost design, but only marginally. The propane boiler is the |east
cost above 55% In the 60%to 70% range, both the oil boiler and
propane unit heater systens are within 20% of the cost of the
propane boiler system

In the mldest climte, the results are simlar with the oil unit
heat er systemunconpetitive and the propane boiler systemoffering
| east cost. Again, the oil boiler and propane unit heater systens
are close to each other and at base |oad capacities of |ess than
60% are within 10 - 20% of the cost of the propane boiler system

Figures 15, 16 and 17 are based on a constant 60° set point (night
and day) in the greenhouse. Because the set point tenperature, and
whet her or not set back is used, have a substantial inpact upon
energy usage. The above conclusions are valid for the 60° set
point only. For other tenperatures cal cul ations, using Figures 9
t hrough 14 and Table 6 shoul d be done.
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GLOSSARY

I nsi de design tenperature - The tenperature to be maintained in
the heated structure (for greenhouses typical values are 50 -
65°F) .

Qutside design tenperature - The outdoor tenperature for which
heating systens are designed, varies with [|ocation. For
greenhouses, the 99% ASHRAE figure is normally used. This is
t he outsi de tenperature bel ow which only 1% of the hours in a
normal w nter occur.

Design DT - Inside design tenperature mnus outside design
t emper at ure.

Peak (or Design) heating |oad - The product of the design DT tines
the building heat |oss characteristic in Btu/hr°F. Peak
heating |load has units of Btu/hr. It is the rate at which
heat nust be supplied to the structure to offset the heat |oss
at the design condition.

Annual heat |oad - The total heating energy (in Btu) which nust be
supplied to the structure over a 1l-year period to offset the
heat | osses.

Tenperature bin - A 5° increnent (i.e., 30 to 35° in tenperature
for which annual hours of occurrence are published.

Bin data - Information published by the Departnment of Defense and
ot hers which indicates the nunber of hours in a typical year
whi ch occur at each 5° tenperature bin.

°F-hour - The product of the hours in a particular tenperature bin
times the tenperature difference between that bin and the
i nsi de tenperature of the structure.

Base | oad heating system- A heating systemdesi gned to supply only
a portion of the peak heating | oad usually in the range of 50%
to 70% Operates nost the heating season

Peaki ng system - A heating system designed to supply only the
di fference between the base | oad capacity and t he peak heati ng
| oad requirenent. Operates only a few hours per year.

Bal ance point - The tenperature at which the capacity of the base
| oad systemis equal to the structure heat |oss. Above the
bal ance point, the base |oad system supplies all heating
requirenents. Bel ow the bal ance point, the peaking system
suppl enents the base | oad system
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