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Jacques Belleau
Frobulld Construction Ltd.
P*O. Box 133
IQALUIT, N.U.T.

Dear Jacques.

Iqalult 6nmhome Feasibility Stu@

I have read the study and find it qufte good and comprehensive. There are
a few suggestions and observations, however, which I would like to make (some
in fact were made previously both verbally and in wrltfng).

1) Mater costs are estfmated  $1,200. for a year. Has the Town ratfffed thfs?
It SeMIS 10W to me. r“

2) Nages are based on one person-year. Thfs may be unrealfstfc  from both
a dollar perspective and in terms of labour/management  requirements. The
study notes that a skflled person would be needed because of the exactfng
requirements for production scheduling, maintenance, nutrient balance,
etc. Assumfng $15,000. Is used for local labour, that  would only leave
$30,000. for wages, wage costs, housfng allowance and other beneffts for
the Manager. I also do not think the t4anager/horticulturist could reason-
ably work elsewhere fn a shared-employee scenarfo.

3) The 15Z premfum for locally-grown produce should be ratfffed by the local
retaflers. I’m not sure Arctfc Ventures would be wfllfng to pass the hfgher
prfce (say 20%) on to thefr consumers. Arctfc Ventures once remarked to
me that wfth the good jet servfce thefr losses to spoilage are quite low.
Thfs 15% premfum mfght only work ff all  retailers carrfed only the local
produce, or ft they all carried both, with the northern-grown produce befng
identlffable through promotional packagfng,  etc.

Also,  I am curfous  about your method for computfng  wholesale values for
the produce from retail values. Agafn,  we have the 15% premfum  assumption
;;%well as an assumption that fnstftutfons wfll pay full retafl value plus

The” fnstftutions are fn the habit of buyfng wholesale  or by tender to get
the lowest possible price. G.f4.iJ.T. purchases produce for the Correctional
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Center from the Bay and Arctic Ventures on a tender basis. Therefore,
Institutions would pay 10 - 15% less than retail ff they bought frwm local
reta i lers . A greenhouse attempting to sell directly to institutions would
have to be competitive with other suppliers, and do so at risk of losing
part of the local wholesale market.

The values calculated for produce are based on volunw and price assumptions
that are quite liberal to say the least; e.g. demand for cucumbers and
the price for lettuce, also the assumption that there will be a demand
equivalency between Iceberg head lettuce and leaf lettuce.

In your financial analysis, I would ask about the ‘shareholders loan”  com-
ponent of the financing program. EDA and basically all funding programs
have an equity requirement which does not allow any interest repayment,
but normally which would help generate a return tn revenues to the busfness.
A shareholders loan could compliment but not replace equity, which can
range from 10 - 20% depending upon the program, to help reduce long-term
debt.

Uould it be possible to have another financing program scenario showing total
project costs, minimum equity (say 10%), and determine hat level of grant-
funding would be required to compliment what level of long-term debt to give
you a 12% return on

T

r greenhouse IKsiness (as opposed to on your loan to
the greenhouse business ,

I found the financial analysis somewhat confusing. A better  swmnary and a
clearer progression of Ideas building the case for a certain level of grant
funding would go a long way.

Finally, can we receive the accounting for this contribution as soon as possible
as per Appendix 1 in the Contribution Agreement?

A lot of work has been done on this study and I think it is a major accomplish-
ment. 1 believe the decision as to whether or not to apply for EDA funding
is yours; e.g. does it make sense as an investment, given your other priorities.
Certainly we would like to see it ‘go”.

It is difficult to foresee how EDA would respond given  the  h igh  government
contribution relative to employment created. I t  would be nice i f  funding
agencies would agree on a way of computing the value of import displacement
that transcends the normal economic cost/benefit analysis.

In any case, let us know if you decide to pursue
in any way.

Sincerely,

..,.
/’ /

funding and if we can assist

Larry Simpson
Supervisor, Renewable
Resource Development

c c  R i c k  Moulton

LS/jh
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EIEcurIvE SUMMARY

A “Study of Vegetable Markets in Selected N.W.T. Counnunities’r  = carried
out for the Department of Economic Development and Tourism, Government of

the Northwest Territories ti August, 1986. This study rem-remended the in-

vestigation  and possible construction of a greenhouse in Iqaluit.

The Deparbnent of Ecmomic Develcqnent snd Tourism advertised in January,
198’7 , an invitation to prospective developers to submit proposals for a

greenhouse investigation in Iqaluit. The succesSful pqxxal was sub-

mitted by Frobuild Construction Ltd. who designated a consultant team,

headed by Eurdett+oulton  Architects & Engineers Ltd. in =sociation with

Dean Hay, Market analyst; ~~.k ~e~. , Horticultud.ist;  and Mackay &
Partners, Chartered Ac520untants. This consultant team was thus retzcined
to conduct this study that is intended to detenni.ne the mmmel=ial

fe-ibility of establishing a greenhouse, using existing and tested tech-

nology, in I@.uit.

1. Objectives of the Stuiy

There are a series of requireinents
study is intendd to fulfill.
following:

and objectives which this fe=ibility
More specifically these include the

o to CMermine the types, qutities and quality of vegetables in

demand in Iqaluit and to establish the market prices, seasonal varia-
tions and effects of greenhouse enhanxd quality on consumer demand.

o to determine the availability of waste heat and siting possibilities,
to research climkte conditions in Iqaluit, and to research greenhouse
systems .

0 to investigate possible govermment, private foundation, or agency

funding progmms for technology ador personnel training.

o based on the initial mzu*et study, to perform a horticultm.al  design

and prduction scenario stwly incluling  plant prq3sgation, crop

management, and economics.

o to develop greenhouse designs, and to detemine the

operating costs, and the ecmnomic feasibility for each

scenario.

-pital and

production

1
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o to develop a final design/production model with growing plan~~

operating system, conceptual A=wings, energy c“aleulatiws, capital

and operating costs, and profonna financial statements to demonstmte
viability.

2. MErHolx)LcGY

Cantained in this reprt are five tifiviclual reports undertaken to meet
the objectives of the study. In accordance with arm of expertise, the

following studies were perfomed  and are presented in chronological order

in this report:

o PART 1 - PRE-FMSIBILI’IY N3SESSMENT

This study was undertaken by BuAett-ilmlton  Architects & Engineers

Limited. l’he availability and potential usage of w=te heat -= ~- ‘
vestigated. A locational analysis was perfomed  and siting criteria

for the greenhouse were develop=i.  Purther, the climatic
of Iqaluit, indding prevailing winds,
mdiation, as they apply to the siting and
were determilied.

o Pm 2 - MARKET STUDY

Through a cunsultition prognm, Mr. Dean

snow drifting,
operation of a

Hay dktamined

for , types, quantities and prices of produce i~i Iqaluit.

conditions
ad solar
greenhouse

the demand
The re-il

and wholesale prices of the desired produce w= determined. Eased on

the opinions of the people interview, the Lnpact of seasonal prices

and availability was accessd. Further, these opinims were used to

estimate the degi= of price sensitivity for locally produced green-
house vegetables as compa.rd with imported vegetables.

o Pm 3 - HCRTI~UlTUR4L DESIGN AND PRODUCTION SCENARIOS

This study b- undertaken by Mark Romer. Initially, an analysis was

performed comparing soil and hydxcpnic growing systems in the Arctic

environment. Three hycl.ropenic  systems were selected and evaluatd.

The vegetables identified in the market study were assessd from an
econmnic and horticultural viewpint. BEEA on this asse~sment  tin=
crops were selected. ~Wtion scenarios were develop-i  for the

crops ilidicating  tempemture, lig})ting, ~~d other pr~wtiot”i require-

ments. Capital costs were estimated fur the growing, C02, a~~ lid~t-

2



ing system of each production scenario. Similarly, operating costs
were estimated for labour, growing supplies, equipnent, electrical
power, and water.

o PART 4 - NGIXEERINC DESIGN, CAPITAL AND OPERATING COST ESX’IMATES

Using available premanufactured  greenhouse stmctures, 13uAett-

Moulton Architects & Enginers Ltd. developed a greenhouse design ap
propriate for Iqaluit. BasA on the design, waste heat availability,

and climatic conditions, a site w= sel=”ted for the greenhouse.

Capital costs were estimatd for two sizes of greenhouses both with

and without a waste heat remvery systems. Irxmne and operating ex-

penses were estimated for two sizes of greenhouse, koth with and
without waste heat, end fur three growing suamwius.

Potential funding sources
tions and opinions of a

are sunmmrizd.

for the proj-t are listed. The observa-
number of greenhouse ope~tors in the north

o PART 5 - ECONCMIC AIJALYSIS

=ed on the information provided in the previous reFOrts, Mackay &
Partners , Chartered Accm.nlklts,  calculated profonua income state-

ments and a -h flow projections for eight years for eight green-
house operating scenario. The most feasible scenario ~as further ex-

amined to determine the level of government funding required to
produce a viable operation.

3. SUWt4RY OF FIND- -

The findings and remmne‘ndations that am b drawn from the five studies

are as follows:

1. Sufficient waste heat is available from by the Northwest Territories
Power Ccqnrations  generating power plant to heat a greenhouse com-

plex under design renditions. The Pow=r Corporation will allow the

mte heat to be used if the capital rests for installation of the
recovery equipnent are revered by the developer.

2. Ccmsumers , retailers, restaumnts, hotels and caterers in Iqaluit are

prepared to pay 15% more than current retail prices for fresh, high

and ~Wnsistent quality produce gro%il in a local greenhouse.

3
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Institutions are equally prepared to paY a similar price incre=e;

however , the volume of prcdwe required would have to be met insis-

tently before oders could be placed at a 1-1 greenhouse.

5. There are three hydrqonic growing systems suitable for Iqaluit:
o nutrient film technique cult=,
o peat bag culture, and
o rock wool culture .
Since the capital a nd operattiig costs are l-t e x p e n s i v e ,  the

XieC1.nutrient f ih system is recmmme!

4. The most suitable greenhouse crops for Iqaluit are tcinatoes,  lettuce

and Cucumbers . Tomatoes and CUCUIIbers aI* cliff icult and expensive to

cultivate during the winter, therefore an 8 month cultivation season

is recommended. Lettuce is easier to grow and a 12 month cultivation
season is recxmuN3- I&d.

5. Sunlight from a northerly direction is important and should be con-
sidered in the design of a greenhouse for the Arctic. During the
winter months a greenhouse could only be opemted with the use of ar-
tificial lighting.

6. A multi-span greenhouse with double glazed acrylic walls, a double

glazed polyethylene roof , and a gI=vel floor provides sm =“onomical

system suitable for Iqaluit.

R
1 . A site l=ted near the power genemting plant, and thus the soume

of waste heat, provides a suitable location for a greenhouse mmplex.

8. The Capital Cast for two sizes of greenhouse both with and without

-te heat recovery are = follows:

7500 ftz 10,000 ft~

with w=te heat recovery S530 ,000.00 $600,300.00

no waste heat recovery $411,000.00 $481,300.00

A 7,500 ftz greenhouse is large enodl to provide 50% of current
mxket demand and a 10,000 ft Z would provide 75%.



9. Based on the market prices of produce established in the market

study, the opemthg costs established in the horticultural and en-
gineering studies ad the assunptiun that the proj=t will be

financed by a long term debt with mtes at 12% per annum compounded

semiannually the first year revenue and expenses of eight different

greenhouse scenarios are as follows:

1.

2.

3.

4.

5.

ii.

7.

8.

10. An

Option 1 (7,500 ftz, with waste

heat recwery, 8 months
tomatoes and Cucullbers)

option 2 (7,500 ft2, no

heat recovery, 8 montha
tomatoes and cucumbers )

lettuce,

wa9te

lettuce,

option 3 (’7,500 ft~, with -te

heat recovery, 12 months lettuce,
and 8 months tomatoes and cucunbers )

Option 4 (7,500 ft2, no waste
heat recmvery, 12 months lettuce,
and 8 months tomatoes and cucunbers )

Option 5 ( 10,000 ft~, with waste

heat recovery, 8 months lettuce,

tomatoes and Cucumkers )

Gptiun 6 ( 1OTOOO ft~, no waste

heat recwvery, 8 months lettuce,

tomatoes and cucumbers )

Option 7 (10,000 ftz, with ==

heat recovery, 12 months lettuce,
and 8 months tomatoes and cucxmkers )

Option 8 ( 10,000 ftz, no -b

heat recovery, 12 months lettue=,
and 8 months tomatoes

anal ysis with profmm

flow statements indicates

and Cucmbers )

Income

$ 78,135.00

-=

$112,767.00

$ 78,135.00 $112,119.00

$103,935.00

$103,935.00

$104,180.00

$104,180.00

$138,580.00

$138,580.00

$128,882.00

$137,244.00

$129,232.00

$136,084.00

$149,947.00

$lci9 ,409.00

income Statement , IELlance sheets and -11

that Option 7 ( 10,000 ftz, with w=te heat



recovery, a 12 month lettuce growing season, and an 8 month
tmatoe/cucumber growing season) is the best of the 8 options,
however none of the options provides a positive cdl flow after eight

years of operation. The following table provides a smmary of the

cash flow totals a the end of eight yeal= for each of the options:

Description

Option 7 (10,000 ft~ , waste heat recmvery,

12 months lettuce, 8 month tmatoes/cucumbers)

Option 3 (7,500 ft~ , waste heat recovery,

12 months lettuc=, 8 months tomatoes/cucumbers)

Option 5 (10,000 ft~ , -te heat remvery,

8 months lettuce, tomatoes and cucumbers)

Option 8 (10,000 ft~, no waste heat recovery,

12 months lettu~=, 2 months tomatoes/cucumbers)

Option 6 (10,000 ft~, no wsste heat ~very,

8 months lettuce, tomatoes and cucumbers)

Option 4 (7 ,500 ft~ , no waste heat rective~,

12 months lettuce, 8 months tomatoes/cucumbers)

Option 2 (7 ,500 ft~ , no weste heat r=tivery,

8 months lettuce. tomatoes and cucumbers)

Option 1 (7 ,500 ft~ , waste heat remvery,

8 months lettuce, tomatoes and cucumbers)

11. Given the projected income, expe]ises and -h

Cash Deficit

($538,98G.00)

($661 ,634.00)

($668,389.00)

( $725 ,003.00)

($733,019 .00)

($~~1 ,~=.oo)

($’746,4Z3. GO)

($752,444 .00)

flows , a significant

gl=it wuuld be required to make a greenhouse opemtion viable in

Iqaluit. A further analysis of option 7, indicates that each of the
following fillali~ing  al’rlXlgemelitS  would provide a positive -h flow
after 8 years of opemtion.

Option A $Shareholder Loan
Government Gmnt
Lang Te~m Debt

$200,000.00

$300,000.00
$100,300.00



Option B *Slm.reholder Loan 0.00
Government Gmnt

Lang Te~m Debt

Option C *Shareholder Laan

Government Grant

Lang Term Debt

12. The projected cash flow for

Year
.- —- —-- —-----—--—

1

2

3
4

5

G
7
8

Option A

( $2,853.00)

($4 ,880.00)

($6,042.00)
($6 ,294.00)

($5,591 .00)

($3 ,885 .00)
($1 ,125 .00)
$2,987’.00 ‘

$380,000.00
$220,300.00

$100,000.00
$340,000.00
$160,300.00

these three options follows:

Closing Cash

Option B
($2 ,037 .00)

($2,048.00)

$ 66.00
$ 228.00

$ 479.00
$1,408.00
$3,096.00
$6,254.00

Option C

($2,445.00)
($3,4G4.00)

($2,988.00)

($ 940.00)
$2,758.00

$6,349.00
$7,426.00

$9,421.00

.

x NO specific terms for repayment, rate at 12% _unded s~anntilY.
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IQALUIT GREENHOUSE PRE-FEf3SIBILITY  ASSESSMENT

( INTRODUCTION

The purpose of this study is to determine whether there 15
waste heat available for a greenhouse operation in Iqaluit,
how to utilize this Wa=te heat if it is avai lable , where the
greenhouse complex can best be located; and the maJor recorded
climatological factors that will affect the operation of a
greenhouse.

I

TO address these issues, we had a number of discussions with
Northern Canada Power Commission (N.C.P.C.)  personnel in
Iqaluit and Edmonton. We also discussed potential sources of
waste heat with the Town Engineer, and with the Department @f
Public Works and Highways. The system for dumping waste heat
from the N.C.P.C. generators was reviewed and the potential
greenhouse sites around the power plant examined. Finally the
pertinent climate data was obtained from the local
meteorological station and we discussed it with e“xperts at the
National Research Council in Ottawa. The following t-eport
summarizes our findings. +

b

I

I
WASTE HEAT AVAILABILITY

Most sources of waste heat available in Iqaluit are in the
form of exhaust air from building . There are only a few cases

I where large exhaust systems operate 24 hours a day. These
I

SY=tem~ exhaust air at room temperature or slightly higher and
therefore the heat content of the medium is too limited to
heat a greenhouse Z complex of any size. For these reasons,
systems such as the Ukkivik  Residence ventilation were not in-
vestigated further.

:.,

Another potential source of local waste heat available is the
proposed Municipal Incinerator. Unfortunately, the Town En-
gineer indicates that this project will not take place in the
near future.

The most logical source of waste heat in Iqaluit is ttle
N.C.P.C. electrical power generating plant. This plant
produces more heat than required for the proposed ur=- “
and produces it on a reliable basis.

EVALUATION OF WASTE HEAT FROM N.C.P.C

The main plant has three generators: a kV12. a kvs
The kV12 is the prime generator used during the wir
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I

I

I

the kV8 is the prime generator during the summer nio t> t hs , and
the kV6 is used as a spare and to supply eXCe5S ~Sp~Clt? ~“~

required. There is also another generator called the E.M.D.,
located on a separate site, that is used for spot service.

Since the RV6 is on a separate air-cooled system and operates
irr-+ularly, it was not considered as a reliable source of
waste heat. For the same reasons and because it is located ~i~
a different site, the E.M.D. was not considered.

At an average load capacity, the kV8 jacket coollng water
produces approximately 1.7 million BTU per hour and the kV12
produces approximately 3.0 BTU million per hour. G rough es-
timate indicates that there is sufficient heat from the kV12
for a solar greenhouse (see figure 1) of 3000 m~ ba=e<; on a
design temperature Of -400F.

The kV12 and the kV8 generators are cooled by watet- From Lake
Geraldine and then the water is recirculated back to that
lake. This water is supplied  at approximately 35oF and re~ut-ns
at a maximum temperature of 1350F. At these temperatures. it

* is difficult to provide sufficient heat for , the greenhouse
complex.

The jacket cooling water from the generators leaves at 1300F.
goes to heat exchangers, IOOSeS heat to the water from Lake
Geraldine and returns to the generator jacket at temperatures.
between 1600F and 1700F. This circuit is at a higher tempera-
ture and therefore the heat is more easily utilized for heat-
ing the greenhouse complex.

There appears to be tio possible methods for tapping the waste
heat source at N.C.P.C. :

o To install a flat plate heat exchanger upstream of the
lake water heat exchanger in the jacket water cooling cir-
cuits for both the kV12 and the kV8 electrical gener-ators.

o To change the flow characteristics of the water Lo And
froln Lake Geraldine and upgrade the return temperature to
about 1650F. The return water could then be used directly
ti) heat the proposed greenhouse project. Thi~. w,>tjld

eliminate the cost of the flat plate heat. exchangers,
provide further separation between the generator system
and the greenhouse heating system, and the waste heat from
all cooling heat exchangers (including cooling oil) for
the generators would be available for the project. The
characteristics of the existing heat exchangers wouid ha)~e
to be checked thoroughly during the design =tage to verify
that this solution is feasible.
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In Ou 1- discussions with NCPC, they have indicated that LIIFV
prefer the first solution us i ng the heat exchange I-s. 7’ h i?.
met hod has been used in previous heat recovery proj~ct~ al)[~
NCPC are familiar and confident with it.

The controls for the new piping circuits will be in the
N.C.P.C. generating station and will be set up such that if
they endanger the electrical generating sy~tem in any way,
they can be completely by-passed. The change to the existifiq
generating system will be kept to a minimum.

At present all the waste heat from the jacket water cooling
3~ oes into Lake Geraldine and there has been some concern
expressed about the security of the Municipal water suppl). if
some of this heat is diverted elsewhere. The Town Engineer-  ai;d
the Consultant who did the Lake Geraldine Water Level Analysis
a few years ago do not feel that this will be a problem. The
study assumed a 1.5 meter ice allowance.

N.C.P.C.’S general policy with respect to waste heat recovery
is that the waste heat.is free, the client must provide all .

? capital costs, and the system must not endahger the electrical
generating system. Enclosed as an appendix to this report is a
letter from

SITING ANALYSIS

There are a
count when

N.C.P.C. verifying their support for this project.

number of factors
considering where

that have to be taken into ac-
the greenhouse ~onipl~x should be

located. If it is assumed that wasta? heat recovsry is an ez-
sentlal element for a viable operation, and that the N.C.P.C.
power plant is the only reasonable source of this heat, ther~
the proposed complex must be placed near this plant. The sits
should also have a good southerly exposure;
the

be sheltered from
prevailing winds; be close to water, sewa*3e waste

facilities, and electricity; be easily accessible by truck and
perhaps the public; and be compatible with the Zcning 8ylaw of
the Town of Iqaluit. There must also be a provision for future
expansion of the complex.

Figure II is a site plan of the area immediately surrourlding
the N.C.P.C. power plant and identifies three possible build-
ing sites. All three sites have a good southerly exposure, are
sheltered from the prevailing winds, and have electl-iclti
readily available. Sewage services to the sites will have to
be by sewage pump-out truck.

.
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Site I is the closest to the plant and therefore has the least.,
piping costs for using the wdste heat. It is also reasonably

1 near the water supply and the location is easily accessible.
Unfortunately, this site is part of power plant land and time
and effort would be required to acquire it. The chief
deficiency of this site is that there is sufficient room for-
only a small greenhouse and no room for expansion.

Site II has somewhat higher piping costs  and Is a very awkward
site to access. There is little level land and the buildin.3s
would all have to be constructed on piles. There is room for
expansion. It too is not far from the water supplv but sewage
pump-out might be difficult because of the awkward ~ite ~i}d
the lift required-

1

Site 111 is the most accessible and the topogl-aphy i:~
“reasonably level for building and expanding, but it I>as the

I lai-gest development costs. Long runs of piping would be
required tO run tO the power plant and tO connect tO the tOL.Jn
water supply.

t.

CLIMATOLOGICAL INFORMATION
●

r The following information for Iqaluit was obtained from the
local office of Environment Canada. The term “Global Sol~i-
Radiation on a Horizontal Surface” means the total incoming
direct and diffuse (such as coming from clouds) short-wave
solar radiation received from the whole dome of the sky on a
horizontal surface.

.

Jan Feb Bar Apr May June July Bug SeOt Oct Mov Dec
TOTBL 8RIGHT SiiNSHINE
(HOURS)

HEAN DAILY GL08AL SilLAR
RADIATION ON A HORIZONTAL
SURFACE (HJ/rnz)

REM OAILY TEMPERATURE
(“c)

ttEAN  DAILY flINItiUH
TEflPERATURE (~C)

HEAN DA[LY HAXIHUH
TEtlPERATURE (QC)

35.2 96,3 177.4 235.3 199.9 17S.2

0.84 3.52 9.19 17.61 21.20 19.74

-25.6 -25.9 -21.7 -!4.J -3.2 3.4

-29.7 -30.3 -27.5 -19.1 -6.6 0.3

-21.5 -21.S -17.9 -9.4 0.2 6.6

202.1 161.2 82.4 57.8 (5.6 19.6

16.42 12.81 7.42 3.31 1.14 0.39

7.6 6.9 2.4 -5.0 -13.0 -21.8

3.1 3.4 -0.3 -7.8 -16.9 -25.?

11.4 10.3 5.0 -2.1 -9.0 -17.6

.
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KRN HOURLY GLOBAL SOLJ!R RADIftTIO/10)4  JltiOR1ZONTf$L SURFACE IN 19A1UIT (HJ/sz)

I

JANMRY
FEBRUARY
tlNICH
hPRIL
HAY
JUNE
JULY
NJGUST
SEPTEMER
OCT08ER
NOVEt!BER
DECEft8ER

HOUR
01 04 05 06 07 08 09 10 11 12 13 14 15 16 17 18 19 20 21 2?

0.010.050.150.210.220.150.05 0.01
0.030.160.370.5S 0.660.67 0.550.S60.150.02

O.D1 0.090.330.650.961.21 1.3S 1.341.21 0.980.660.330.090.01
0.040.220.540.94 1.361.71 1.972.092.091.941.67 1.S20.930.530.21 0.04

0.010.060.210.470.81 1.191.581.942.152.282.262.12 1.881.56 1:19 0.S20.380.220.060.01
0.040.130.290.520.81 1.121.431.67 1.872.001.991.901.70 1.451.14 0.B4 0.5S 0.31 0.130.04
0.020.080.200.390.61 0.91 1.21 1.461.621.701.691.62 1.4S 1.21 0.9r0.670.420.220.08 0.02

0.010.070.200.420.67 0.951.191.391.461.46 1.39 1.190.980.720.460.23 0.D60.01
0.030.140.320.550.760.91 1.010.990.930.740.540.330.130.03

0.010.05 0.180.360.500.590.590.49 0.360.180,050.01
0,020.090.200.270.260.20 0.090.02

0.010.060.110.120,060.01

SUMMARY

The N.C.P.C. power plant is the only reasonable source of
~ waste heat for this project. There are two alternatives to

recover the waste heat from the generators. TQe solution which
is preferred by NCPC is to install heat exchangers directly
into the jacket cooling water circuits for the generat~r~.
Regardless, N.C.P.C. are in agreement with the concept OF the
project and there is sufficient waste heat available for 3

large greenhouse complex.

It appears that the choice is between Site II and Site III and
will be based upon the costs of developing each site. At this
stage, the Town does not foresee a problem with either OF
these sites. The final selection will have to be made later
in the design process when accurate estimating is possible.

The climatological data indicates a dramatic r e d u c t i o n  i n
hours of sunshine and consequently in radiation from th= =.un
during the winter. If the greenhouse operation is LO C:+l ‘ry
through the winter, it will have to rely mainlY on al’tif~~~.+1
lighting.

At this stage in the process, there doesn’t appsar to be anv’
engineering reason why this greenhouse project could not be
successful.

--- .—-.. ..—- .,--- —--------- .——- -



NORTHERN COMMISSION
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POWER DU NORD

COMMISSION CANADIEN

P.O. BOX 250
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Tuesday February 23rd, 1988.

Burdett - Moulton, Architects & Engineers Inc.
P.O. BoX 609
Iqaluit, NW
XOA OHO

I ATTFNTIOM:  Pir. Rick Moulton, P. Eng.
I

E: ~1
~

●  This  wi l l  acknowledge your  February  19th ,  1988 “telecon” ‘I
request for information stating N. C. P.C.’S position on residual

i heat.

love looked around the office for something in writing which i
could pass on to you, but have not been successful. I shall
however, continue and when I do find what I’m looking for,
i“ll send it along. :

in the interim, perhaps the following personal interpretation,...,,
will be of some benefit. it is my understanding that N. C.P.C.
considers residual heat to be that portion of heat energy
rejected (approx.  28%) by the process to the Jacicet water or
cool ing system. Historically, it has been N. C. P.C.’S  practice
to make this residual heat available, at a nominal fee, to

I
clients who have the plant and expertise to utilize it.
N. C.P.C. will not bear any of the capital costs involved in
reclaiming this residual heat nor will it guarantee aspecific
or uninterruptible supply of heat energy. Any proposal put
forward by the client must conform to all Federal, Provincial/
Territorial and Local Codes, Standards, etc. and all

(’allall: w o r k m a n s h i p  m u s t  b e  c o n s i s t e n t  w i t h  g o o d  t r a d e  p r a c t i c e s .
HEAO OFFICE 7909.51 AVE. MAILING ADDRESS: P.O. BOX5700sTN. ”L” T6C4J8 EDMONTON. ALTA, CANAOA.

TELEPHONE: (403) 465-3377 TELEX: 0372736
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There may be some minor terms and conditions that I’ve
overlooked here, but I think the foregoing points touch on all
the major criteria. I trust this will be helpful, but should
further clarification be required, do not hesitate to contact
the undersigned.

I remain. .

Respectfully Yours,
Northern Canada Power Commission “

Qc5i-
\Jo n Sullivan, C.E.T.

Engineering and Maintenance Manager, NW (East)

8 JS/nd b
●
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GREENHOUSE
INTRODUCTION

The purpose of
characteristics of market

MARKET SURVEY DATA

the survey was to determine the
demand for fresh vegetables in Iqaluit.

Specifically, the researcher was charged with:

1. identifying the types of vegetables in demand

2 . determining market demand with respect to volumes
and retail market values by variety and by
market sector including retail, restaurants and
hotels and government funded institutions.

3 . estimating the impact on demand of seasonal
price and availability variations

4. estimating the impact on demand of greenhouse-
enhanced product quality and the degree of
price sensitivity for greenhouse produce as
compared to imported produce.

With these directions, we compiled a list of all relevant
potential respondents for individual interviews. Of these, 75%
agreed to take part in the survey. In addition,. random interviews
with shoppers were conducted producing an additional 10 reponses.
All responses were personally interviewed; no surveys were mailed
or filled in without the respondent being able to clarify all
aspects of questions which may appear ambiguous on first reading.

A breakdown of respondents follows:

NUMBER OF RESPONDENTS . . . . . . . 28. . . . . . . . .

SUPPLIERS. ....4... .. .CONSVMERS. ..17.. ..Business. ..7...

Suppliers: The Bay
Arctic Ventures
Marche Turenne
Amblers IGA

Consumers: Private individuals
Gov’t. funded institutions

Businesses: Frobisher Inn
Kamotiq Inn
Navigator Inn
The Snack Restaurant
Discovery Lodge
Bayshore Hotel
Versa Foods (Baffin Reg. Hospital>

1



To determine the Representative Sample, we asked how many
individual meals were prepared daily by each respondent. We then
took the total population figure and assuming three meals a day
each, determined the percentage our results represented.

(Note: Two major restaurants would not divulge their daily
individual meal total and one of those refused to disclose
quantities ordered. Consequently, the total above is lower than
the quantities later represent and the representative sample
immediately following is proportionately higher. For our purposes
and based on figures available from other similar businesses, it
would be safe, in our opinion, to to assume that an additional
200-250 meals per day are being served from these establishments.
This would in turn increase the perceived representative sample
to approx. 15.4%)

REPRESENTATIVE SAMPLE SURVEYED

Population of Iqaluit . . . . approx. 3,000

Total of meals @ 3 / day . 9 , 0 0 0

Total of meals prepared by
survey respondents 1,165

Representative Sample . 13%

Respondents were questioned during Nov. 1987 and Jan. 1988.
Their responses are indicative of that #eriod only; increased
population during summer construction months would result in
higher demands than herein indicated.

Response to the ”concept in general was very positive. Respondents
expressed unanimous opinion that availability of better quality
vegetables was deired and long over-due. This is reflected in the
responses to the purchasing priority factors at the end of the
questionnaire.

.
Businesses and institutions were primarily concerned with

consistent quality as food cost/productivity is paramount in
commercial operations. In addition, all but one were in favour of
the project and supportive even at a higher cost if it benefitted
Northern Business.

PURCHASING HABITS

While the survey asked for quantities purchased on a weekly,
monthly or occasional basis, the majority (69%) indicated a
weekly shopping preference. This was particularly true in both
the business and institutional responses. This led us to tabulate
anticipated fresh produce sales as a weekly sales product with
only those types suitable for extended storage life as monthly or
occasional purchases. .e.g. sealift or. luxury items.

2
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QUANTITIES AND VALUES

The following table represents the total volumes of the different
vegetable types surveyed imported into Iqaluit weekly. The table
is composed of five columns:

1. Total supplied by The Bay, Arctic Ventures, Amblers IGA
and Marche Turenne for private consumers purchases.

2. Totals purchsed by Business & Institutions through
various Southern suppliers.

3. Total volumes of Col. 1 & 2

4. Unit prices in Iqaluit as of Jan 29 ’88

5. Total values of vegetables purchased according to Jan.
88 prices.

NOTE: The only significantly high price at this time was for
lettuce which was at $3.44 ea. An average price might
be more realistically about $2.50 per head.
. .

Vegetable type 1 2 3 4 5

---------------------------------------------------------------------

Tomatoes
Lettuce Iceberg
Lettuce Romaine
Cucumbers (regular)
Cucumbers (English)
Cabbage
Potatoes
Carrots
Spinach

. Brussel Sprouts
Onions (cooking)
Broccoli
Peppers (green)
Peppers (red)
Cauliflower
Frozen Peas
Frozen Beans
Celery
Zucchini
Egg Plant
Radishes
Parsley
Turnips
Green Onions

305 lb. 344
282 head 233
33 - 163
111 lb. 226
58 - 10
87 - 298

2400 - 845
’252 “ 323
15 - 5
25 - 16

252 “ 273
73 head 72
116 lb. 136
18 “ 8
41 head 70
200 lb. 60
102 - 30
264 stalks 75
3 ea. 30
0 - 14
16 bunch 24
13 - 45
68 ea. 15
51 bunch 10

649
515
196
337
68

385
3245
575
20
41

525
145
252
26

111
260
132
339
33
14
40
58
83
61

$2.14 lb. 1388.86
3.44 ea. 1771.60
3.86 ea. 756.56
1.49 lb. 502.13
4.08 lb. 277.44
1.55 lb. 596.75

11.98 10 lb. 3887.51
1.43 lb 822.25
3.50 lb. 70.00
2.33 lb. 95.53
1.53 lb. 803.25
2.54 head 368.30
2.19 lb. 551.88
2.23 lb. 57.98
6.40 ea. 710.40
2.72 lb. 707.20
2.90 lb. 382.80
1.96 ea. 664.44
($ not avail)

. . .

2.13 lb. 85.20
.69 bunch 40.02

2.90 ea. 242.36
1.04 bunch 63.40



We wanted to determine where vegetables are purchased,
locally or from southern suppliers. As the following figures
demonstrate, business (including in this case Gov’t. funded
institutions) all buy their produce from southern suppliers. The
primary supplier for Iqaluit is H. Fine & Sons, Ottawa. Four
other suppllers were named, National Grocers, Ottawa,
Marche Turenne, Montreal, L’Arrivee, Montreal and Quattrouchi
Grocers, Smith Falls, Ont.

Consumers using food orders patronized Marche Turenne and
Amblers, Manotick Ont. as preferred suppliers.

Quality of product was the primary reason cited for buying
from southern suppliers in all cases. With the businesses, price
and volume supply ranked second as reasons, but quality remained
as the prime concern.

costs for transporting food North were ascertained to be a
standard $1.69 per kg. for both business and private parties.

Business purchasers locally 3.6 % South 96.4 %

Consumer purchasers locally 70.6 % South 29.4 %

Cost as a serious consideration in choice -__45_-_% -__55---
yes no

The following data was compiled to determine what effect
variations in either income or outside controls play on food
purchasing habits. Controls were seen as required nutritional
value for contracts providing food services to institutions
and/or strict budgetary controls in the food service industry
e.9. restaurant & hotel ratios of food cost/revenues.

In most cases, given the controls mentioned, we found that
the individuals responsible for purchasing produce were given
virtually free reign to determine what they purchased. This
included, in all but one example> the ability to pick or switch
suppliers according to the quality and price factor. All
respondents indicated a willingness to modify their habits if a
local producer could supply good quality product even at a higher
price. The acceptable price increase varied from case to case,
but averaged out at 16.3% higher.

4
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The questionnaire asked how various factors influenced buying
patterns. These included subsidies, budgetary or dietary
controls, standing order purchasers, waste through spoilage and
respondent’s opinions on higher prices for improved produce
quality. The following table details the responses.

I

Respondents who benefit through food subsidies

Respondents who purchase with controls/guidelines

Respondents who purchase with no buying controls

Respondents willing to alter purchasing patterns
in view of seasonal price and quality variations

Respondents purchasing through standing orders

Respondents willing to consider standing orders
I from a local greenhouse operation

I Average Spoilage

L

----19. Z_-_%

---3. 8----

96.2___%----

-__-96 . 2--%

11.5-_-%----

_-__57 . 7---%

11.5___%----

1 Respondents willing to pay more for reduced spoilage _-53.8-_-%

I To those 53.8% willing to pay more for reduced 12.7__-%
spoilage, the average price increase acceptable

I

I Respondents willing to pay more for better quality ----76.9--X
L

!

To those 76.9% willing to pay more for better -__-15 . 6--%
quality, the average price increase acceptable

I

Respondents willing to pay bonus increase --23. l-~
for reduced spoilage and better quality

Maximum acceptable increase to the 23.1% above 16.3--%
;..

SUMMARY OF ABOVE:

The consumer is willing to pay an average of 14.9% more for

\ locally produced greenhouse produce if the quality 1s better than
currently available and spoilage due to damage in transit (frost

I and bruising) 1s reduced.

I
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Respondents w e r e asked to rate their priorities when
purchasing vegetables by the following criteria with #l as most
important in their decision process:

Consistent Quality
Dependable Supply
Higher Prices
Volume Supply
Taste
Appearance

The information gathered was examined to establish how
the buyer viewed these factors in deciding where to purchase
their produce and what type to buy at any given time.

Factor Relevant to % of buyers
--------------------------------------
Appearance 92% (24)
Consistent Quality 88% (23)
Taste 85% (22)
Dependable Supply 74% (19)
Higher Prices 54% (14)
Volume Supply 35% ( 9)

The following table should be interpreted horizontally to
appreciate it’s content. The Total numbers to the right
indicate how many respondents considered that factor of any
importance while each vertical column represents the number
of respondents who placed which significant value to the factor.

It was found that no one placed their highest priority
as being higher prices and indeed, this factor was only the
4th priority to half of those who considered it at all.

In each vertical column, we have underlined the great-
est response numbers. . e.g. First in priority is Consistent
Quality, Second priority ties Quality & Dependable Supply.

6
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An accurate appreciation of the figures requires cumulative
totals of each Factor on the horizontal scale with repeated
comparisons to the corresponding figures on the vertical.

In this way we can see how as a Primary Concern, # 1 on the
horizontal scale, the factors rank as follow:

1. Consistent Quality (11)
2. Dependable Supply ( 9)
3. Taste ( 8)
4. Appearance ( 2)

By extension, we see that while Appearance concerns the most,
24, only 2 of the respondents considered it most important.

NOTE: While the factors of Taste and Appearance relate to
‘Quality- in general, the designation ‘Consistent Quality-
was required to address the Restaurant and Institutional
requirement for consistency of acceptable quality. For
example, they prefer consistent ‘Grade B- produce rather
than a fluctuation between “Grade A“ and “Grade C“.I

1

I

[ Factor/Importance 1 2 3 4 5 6 Total
-----------------------------------------------------------------

I Consistent Quality 11 6
---- -------- ----

Dependable supply 9 6
--------

Higher Prices -0 5

Volume Supply o 1i.
!

Taste 8 4

Appearance 2 4

4

2

2

1

5

10
--------

2

2

7
--------

0

2

7
--------

0 0 23

0 0 19

0 0 14

5 2 9
---- -------- ----
2 1 22

1 0 24
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CONCLUSIONS

Consumers, Business & Retailers are all willing to
support such an enterprise in spite of a perceived
price increase.

All but one support the project as envisaged to
assist Northern-based Business.

If the project can produce quality produce with a
price increase of 15% above current retail prices,
a consumer market is available and eager.

To serve the business and institutional market,
a similar price increase appears acceptable but
the volume required would have to be met
consistently as they cannot split their orders
between local and southern suppliers due to the
extra time and administrative work required to
place seperate, partial orders.

Both retailers interviewed expressed interest in
marketing greenhouse produce but one recommended
self-marketing to increase project profits.

Consumer respondents indicated a willingness to
shop for their vegetables at a seperate location
than either the Bay or Arctic Ventures if the
quality was better.

i

I
I

9
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SECTION 1

I

DESCRIPTION AND EVGLUATIOI’J OF HYDROPONIC GROWING SYSTEMS
AVAIL/lBLE  FOR COMMERCIAL VEGETABLE F’RODUCTION IN CANADA

This section will (1) describe and evaluata the hydroponic
growing systems available fmr vegetable production tcday;
(2) list advantages and disadvantages of each within the context
of “arctic production” and (3) select three systems to be
compared in the subsequent economic analysis.

1.1 GREENHOUSE VEGETABLE PRODUCTION IN CANADA

The Greenhouse industry in Canada has increased steadily over
the past decade and cur-rently, over 4 miilion square metres 0+
glass and plastic structures exist. The largest proportion of
this area is dedicated to the production of flowers (ornamental
and bedding plants) and accounts for 85% of total industry
dollars. Vegetable production occupies the remaining 15% of the
qr~enhouse market and i= predominantly dedicated to tomatoes and
cucumbers.

The majority of greenhouses producing vegetables in Canada
Utlll== sol~ as the plant growing medium. Good quaiit;~  S011 1S
readily available  in the primariy cen%res 0+ produc%iton (Southern
Ontat-i Q, ~auth=rn Qld=bec) and initial c.~pltal e:;pend~ture~ are

substantially luwer than for hydrnpanic k.y=t=ms.
.

The area under hydroponic cultivatzan  in Canada. remains Smdil
but has increased staadily, particularly in recent year-s with an
influx o+ Dutch and Danish technolo~y  and e:~pertise- Durinq th=
past five years, a substantial number o+ commercial hydroponic
greenhouses have been built and grower inter=st is turning
towards the new methods o+ cultivation. In British Columbia, over
90z of the greenhouse industry uses sawdust culture to overcome
soil related problems.

Although the majority of Canadian operations are small,
family—run unit= of less than one acre, several larger. production
houses are now present in Ontario, British Columbia?  Alberta and
Quebec. A few of these operations will be briefly described later
in this section.

- 1 --



1.2 SOIL VERSUS SOILLESS (HYDROPONIC) CULTURE

(1) I-ACK DF SUITAEILE SOILS

The primary incentive for using soil less culture met,hods in
the arctic is the lack of suitable soil resources. F“ast studies
have demonst ra ted  tha t  arctic substrates (i.e. sand,  peat  and
organ ic  sed iments )  are suitable as growth media for many
vegetables providing a regular fertilization program is followed
(Romer 1983, 19S7) Unfortunately, large quantities of local
substrates would be required to supply a commercial enterprise
and these at-e not readily available in most northern locatinns.

(2) SCIIL F’REF’GK’ATICIN  ?< STERILIZATICIN

In crder to eliminate soil pests and pathogens~  scil= must b=
steam or chemically sterilized between craps. This procedure
o+ten requires 2 to 3 weeks and is labour intensive. Labour
requirements associated with soil collection? processing and
cultivation are also eliminated in hydroponic systems.

The consarvatian of watsr resources in areas n+ limited
sL:pply is a+ particular relevance  in arctic areas. C~}~SSd
hydt-upanic systems r~-circulate  w~ter and nutrier.t~  thereby
reducing costs Of water delivery, stora~e, heating, and disposal.
F’lant= gt-own in h’ydrcponic systems are also subjected to rsduced
water stress associated with soil systems. One es=ential
requirement limiting the success of hydroponic culture is the
availability of water of acceptable and consistent quality.

(4) PLANT NUTRITION
I

Hydroponics permits improved control of plant nutrition and
rapid correction of nutrient imbalances or deficiencies. Systems
may be fully automated to ensure reliable nutrition o+ crops and
sampling procedures are simpler. Soil systems do however have a
greater bufferin~ capacity and require much less knowledge of
nl-ltrient status.



(S) YIELDS
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Crop yie Ids o+ 50;{ to 500X higher have been
hydroponic ver~~ls soil based systems arcund the

(.5 ) ENEF;G’{ REG!J IRENENTS

documen ted +ur
wo r id.

Recent stud i es have demonstrated reduced energy consump t : on
and heating costs associated with hydroponic grcwin S system=. In
arctic regions, the largest component of annual operating costs
will arise +rom lighting requirements and the design of all
commercial efforts should endeavor to maximize available sunlight
for craps.

(7) F’ESTS & F’ATHOGENS

Perhaps the most serious drawback to closed (re-circuldtinq)
soil less systems is the rapid spread o+ pest= and patfic)~ens ta
all plants sharing a common nutrient tank. “Since most o+ the
serious diseases are soil-borne, and since the snow-+ree pericd
in arctic regions is relatively short, this problem may be
reasonably well controlled with sound sanitary practices.

Capital costs p~r acre ar~ s~lttstantlally  higher +IJr soil less
systems but annual operating costs at-e lnwer.

I

.



1.3 .bJATER CULTURE SYSTEMS

,1

i

1

1’

Water culture is the truest form of hydroponics where plant=
are suspended in nutrient enriched water without the bene+lt of
any support medium for their root systems.

1.3.1 NUTRIENT FILM TECHNIQUE

Nutrient Film Technique, or NFT for short, is currently the
most  popular  of  water  based  growing  sys tems. In this form o+
hydroponics, plant roots are suspended in a trough or channel
through which nutrient solution is continuously circulated.
Channels are sloped on a gradient of 1:75 ft to ensure even flow
of nutrient solution. Plants develop a thick root mat which grows
partly above and partly below the nutrient stream ensuring
adequate supplies of water, nutrients and oxygen.

The nutrient solution circulates within  a closed system
between a catchment tank and the growing channels. Nutrient
concentrations and pH are continuously monitared by a system of
automated controllers and dosing pumps (illustrated in Section 4)

Although many designs have been tested, two principal systems
are currently being favoured by commercial growers in North
America.

(A) LARGE PLANTS REQUIRING SUF’PORT
(TOM6T0, CUCUMBER)

In this system, plant roots are gruwn within polyethylene
gullies located either o n (a) sloped greenhouse flnors or (b)
upon raised benches (see illustration below). F’lant shoots are
supported above the gullies by means of wires and trellis
networks (see Figures 7 and 8).

FIGURE 1

Typical NFT system
for the production o+
tomato and cucumber

. . . . . . . . . .
. . . . . . . .
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Perhaps the most widely publicized g=enhou== operation in
Canada is Philip Sprung’s SESE (Sprung Environmental Space
Enclosure) located in Calgary, Alberta. This H.S acr= NFT
greenhouse boasted production levels o+ 18.5 cucumbers/ft2/yeav:
more than S.2 times the Canadian greenhouse average. Tomatoes
were similarly prnducti’ve  averaging ~H,{IltIj[Ij tamatae=,’l~ay.

Plants were grown in double raw= alnng a network o+ raised
gutters. Conventional NFT plastic (black interior~white  ex?erlor)
was utilized and nutrient solution was mor.itored  by a c=rnputer
injection system. F“t-oducticn levels wets maintained hiqn wit;h ~n~

help o+ carbon-dio::id= enrichment and a speciaily  engineered
fabvic (protected by 18 patents) which i= reported to incr=a=e
light levels significantly inside the greenhouse= Continuous
production was ensured through the successive planting of crops
at 3 month intervals and a rigid protocol of sanitary practices
r e d u c e d  the occurrenc= o+ pathogen p r o b l e m s .

although the validity of Nr. Sprung’= “light–=nhancing”
covering and production figut-es have been viewed with skepticism
by the Canadian greenhouse ==ta~li=hment~  th= e++~cti’~enes~ o+
the NFT growing system was well demonstrated.

Research at Laval University’s Center fnr Sheltered Cr=?
Specialization has also demonstrated hi~h yields of cucumbers
under NFT cultivation. UsinS supplementary lighting, and CCE
enrichment, Dr. Andre Gosselin has been able to pruduce S
cucumbers/ft2/year and maintain production over a 12 month
period. This thanks primarily to the availability of inexpensive
hydro-electric power to maintain light levels during the winter
months.

Clntario tomato growers utili~in~ NFT s}<stems have reported
yields of between 15 and 22 pound= Per piant o.~er spring and fall
planting=. These yields average I@> ton=iac?e and represent good
yields campared to s~il culture-

SHALL SELF-5 UFPORTING PLANTS
(LETTUCE, SPINACH, CHINE’= ca~~~=,  H=a~)

The NFT production of lettuce and other small Sel+-supporting
vegetables has gained Popularity in recent year= with new .grnwers
and currently several Canadian greenhouses are activelY involved
in “continuous-cropping” systems. These “mav=abl=” 9roWin9 bench
systems utilize rigid rectangular pro-file F’(JC channels supported
b y a manual conveyor top bench as iilu=trated on the f0110b41n9

page.

–5-
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FIGURE 2 Continuaus cropping  NFT culture system far the
prac!uctlon  o+ small vegetables and herbs.
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The NFT channels at-e fitted with removable covers into which
are drilled holes for seedlings. Plant raots sit in the channel
and are bathed by t-e-circulating nutrient solution fed fram a
header tube and drained at the opposite end of the channel. As
with tomato and cucumber traughs! the channeis used iar lettuce
must b.e graded to a 1:75 slope far proper +Iow o+ solutiun.

Channel= are planted out with seedlin~s at one enc of the
greenhouse and are harvested frnm 4 to ~ weeks later at the
opposite end o+ the greenhouse. The entire width o+ the
qreemhouse is cowered with channels lsaving oniy the sna= for
~l=lejwalkway. Se=d11n5s are started aut at hi~h density spacings
and Sradually spread apart as plants increase  in size. This
permits 20Z - ~[>”/. greater production over available area than
conventional growing systems. Spacing is varied over the
production period using channel spacers o+ varied widths.

A number of commercial channels are available to Canadian
growers. SLippli~t.s include Canadian l+ydra~.ardens Ltd o+ %nca=ter,
Entario: Feter Zwart and Associates o+ ~rim=by? Qntario (KEHAU
gutters) : and Hydro-Gardens o+ Colorado Springs, C(3 (Piutrient
Flow System)

Living Lettuce, a greenhouse aper.atlan developed and aperated
by Mr. H~lmut .julinot near Toronto, Entario, h-as successfully
demonstrated the possibilities o+ year--round NFT lettuce
production. The operation produces head lettuce of the I)utch
Butterhead variety grown fram seeds imported from Holland as well
as looseleaf varieties “Grand Rapids” more commonly knawn to
North American markets.

F’lants are harvested, packaged and shipped to market= with
roots intact. This method increases the freshness and storage
life of the product with resulting reductian in spailage. Unlike
mast greenhouse lettuce prnducers? Jullnnt has succeeded in
pr.nducing his lettucs  withcwt the application o+ any; pesticides
o r- fungicides. This? as a result o+ s~eriie ~rawing house= and
the abs=nce o+ soil in ail parts o+ tne s>stem.
Three ZGO +not St-eenhouses prcduce a.n estimated Z50~I.1~’.1JO heads o+
~=ttuc.e annually which wholesale +or S1.lG (1~~~) direckiy to the
users. Flant supply is continuous with new seedling= being
planted as imature plants are harvested.

Another e::ample is Hydroserre Inc.! an= o+ sev=ral new
hydroponic aerations to open within the last year near Mirabel,
Quebec. Hydroserre greenhouses cover 3 hectares o+ land and are
expected to be the province’s largest gt-eenhouse pt-nducer of
lettuce before the end of 1?S8. As with the case o+ Living
Lettuce, plants are grown in an NFT continuous production system.
Praductian dut-ing the winter manths will be improved through the
use o+ HID (High F“ressure Sodium) light= and thraushaut the year
by the maintenance of elevated C02 level=.

“7-



ADb”AtdTAGES  %. DISAi)VfiNTAGES  OF NFT S’f STEMS
------------- — ----------- —-- — ------------

I

I
I

I

The p r 1 mar-y aavan taqe of us i nq PiFT c rcr?p 1 n~ ~y= terns in the
at-c t i c i S. the e 1 i m i na t ion of cos ~ 1 y impot- t a % i cn O+ so i Is/ ~rcw i ng
med i a on an annua 1 b as is. In add i t im, the amount of t ilme and
lab our requ i red tor c 1 eanup anti ~ ter- i ~ i ~ a t i !Jn b e kw~en ~ t.gps i ~
great 1 y reduced Ieav i nsj more t iine + o r crap p rnduc t ion. The
cap i t a 1 costs o f NFT systems are however, h i She r t h an o t h e r
systems. These may be partially offset by reduced heating costs
of up to 30% possible if the nutrient solution is warmed and air
temperature lowered.

The primary disadvantages o+ NFT ct-opping systems are the
rapid spraad of dl=ease thrcm.~h the crcp and the tandenc$y towards
nutrient imbalances in the cir.culatinq sclut ion. Greater
attenti Gn must be paid to greenhouse sanitation and frequent
analysis o+ solution and plant tissue sample= is required.
Because NFT systems have no bu+terlnq capacity when the wat=r-
supply is stopped, it is essential that backup pumps and
~ener.atot.s  be on hand to keep the soiution circulating in the
event 0+ primary pump failure.

1.3.2 TGNK CULTURE

In tanl:: culture systems, piants are suspended b:.- a thin layer
of styro+nam over a tank or “pool” 0+ nutrient solu-t inno Tha
nutrient solution is circulated at +i;:ed inker-vais t.x prnvide
aeration +or- rGot=. This system ha= gr-eai=r structural
req u i remen t 3 associated with the ccnstructimrt  o+ t=. nks and lar~er
quantities of water are invmlved  In production.

Tank culture is not actively used in North America aIthauSh
Harnois Industries o+ St-Thomas, Quebec, is currently developing
a unit for the production of lettuce. Since very little first
hand knowledqe is available about the specifics of growing with
this system, it will not be considered for use in an arctic
greenhouse at this time.

i
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1.4 AGGREGATE CULTURE SYSTEMS

In this +~rm n+ hydrnpanic CUltur=, i n er t, ~~lid a.ggre~ates
{ p ~ ~ t, ~ana , ruc},:wo,g 1 ~ g rave 1 amnnq a thers ) are used as a t’~=o t i n~
med i urn wh i ch +unc t ion p r i mar i 1 y t a anch o t- tne p 1 an % rna ts wh i 1 e
a 1 so p rov i ci i rig o:: y ~en and wa t er. The s i mi 1 at-i ty CI+ ag.~ reg a te
Sys tetn5 lie in the c o n t r o l l e d  d i s t r i b u t i o n  o+ nutrients in a
so 1 ub 1 e f o t-tin th rough .a ne two t-k o f tubes and feeder 1 ines.

Two principal forms of nutrient application are utilzzed:

1. CLOSED SYSTEMS where the  nutr ient  so lut ion i= r e c y c l e d
w i t h  a d d i t i o n a l  n u t r i e n t s  a n d  m a k e u p  w a t e r  a d d e d  o n  a
r e g u l a r  b a s i s .

7
L. OF’EN SYSTi3”lS whet-e the nutrient solution i= net rscycleci.

This system consumes a larger quantity of water and
nutt-ients but has several distinct advankaqes  including
reduced transmission  O+ pathogens and reduced salt
accumulation in grnwing substrates..

P-m open system is generally recommended where adequate
supplies o+ water are available. In Iqaluit~ the following
considerations tend to favour the use of closed systems for all
forms 0+ plant culture.

– Water supplies are limited, costly and should be conserved
as much as possible.

- Irrigation watsr and nutrient solutians  einu-st be heated to

Z5 C at considerable ener~y expense.  The recycling u+ water
reduces heakin~ requirement= substantiiail>’.

- Disposal of water is by truck not sewer ihLt5 nec~ssltating
the construction of water storaqe +aciliti=s and additional
capital/operational co=ts not incurred by southern growers.

One of the principal disadvantages of a closed system for
aggregate culture is a resulting accumulation of nutr~ent salt=
which are often found to precipitate in the substrate. I+a
closed system is selected, special modifications are required in
the nutrient supply SyStem, more frequent analysis 0+ scluticns
and periodic flushing (leeching of salts) o+ the medium is
recommended.

- F -



1.4.1 PEAT BAG CULTURE

I

I

pea t bag cu 1 ture is p t’cb ab i y the mo= t w i de 1 y used ~ys t em +~ p
hYd t-apon i c veq etab 1 e p raduc t i nn i n Ea= t et-n Can add. In th is fctrm
o + c L1 1 t u t’= , b 1 ac k or wh i te PO i ye thy i ene bags at’s used as
can t a 1 net’s 1 ns t ead Of FO t = o t- ~ t’ouqhs. The ba ~s are + i 1 led w 1 t h a
w i de ran g e u + ~ roL4 i ng med i a. Curt-en i 1 y, kh e mcs i pop IJ 1 at. m i ::
u t i 1 i zed i n On tar I o g t-eenh ouses are peai—1 i ie m i:: es (comb i n a t ions
o+ SPh =9 num peat mos5 and =e.,, e ra 1 other i n er t mater i .a i S such as
.~e r-m i ~u ~ 1 t a, per- 1 i t e, tur+ ace Gr- pumice) . These in i:: iures ar-=
i d~a 1 s i nc e th ev have good waker and nu t r i en ~ ha i d i n q.
capab i 1 i t i es and yet remain porous enough t= p ?*OV i oe :~ood
ae?”a t i On o+ the root zone. Some of the other poss ib 1 e
comb inat ions that have been ut i 1 i zed inc lude :

- 4(>% peat mos5; 4[3% Verfni cu 1 i te and ~(l)% sand or per 1 i te
– 40>1 peat-l i te with 60;: sawdust, sand or rice tiul 1S
- 100 Z peat-1 i te m i x tures such as F’ro-M i:: BX
— 507. peat moss w i t h c oar=e aq ed =awdus i
- c our-se washed sand
– 5{11:L sand and 5(3% vermicu  1 i te

rock woo 1 and peat-1 i t e m i xes

I t is conceivable that some of the local substrates avai lab le
araund Iqaluit may be suitable for use in bag culture. Local sand
and peat have been successfully used by researchers in Rankin
Inlet (Romer 1?83) and Pond Inlet (Romer 19s7) to produce d wide
range o+ vegetables. The majority o+ substrates available in
arctic areas have little to no nutrient content and would need to
be supplied with a constant +ertili~at ion praqwam similar ta
ather peat bag media. It may be wise to initiate production in
the pilot Greenhouse with a prcven mi:: 0+ media and gradually
experiment with local substrates.

Esags a t - e  replaced entirely  atter cne to +our Crcps= 1+ bags
are used for more ~han one crcp, the mi::cure may need ta be
pas t eur i z ed. In the at-ctlc, the lawer incidence o+ bac~er-iai and
$Ungal spot-es should greatly reduce the incidence o+ pathogen
prablems and reduce the need for pasteurization. The use of bag=
reduces labour requirements associated with greenhouse cleanup.

Nutrients and water are supplied to each bag at preset
intervals through a network of feeder lines and drip emitters.
Nutrient concentration and pH is monitored and adjusted  by a
series of controllers and dosing pumps (injectors}  which can be
fully autamated. Although best suited +ar tomatoes, cucumbers and
lettuce, peat culture has been used to prcduc.e eggplant, peppers,
zucchini and strawberries.

- 10 -



1.4.2 ROCKbJOOL CULTURE

During the past few years, a substantial number o+ Canadian
vegetable and +Icwer qrawers have begun usinq an :n~rt =:~bstr-ate
a+ European origin known as rnc }, W120 1. F ,3K ~:WGO 1 i.5 man,.,.  f <c tut-ed
+ ram d i ad ase. a va 1 can i c t-ml:: wn i ch is == un, as a mcI 1 tan
mater i a 1, i n to f i b res and sub sequen t 1 y c no 1 en and c cmp r’~ssed  i n to.
s 1 sb s o+ g i ven dens i ty and snape.

F:ccl::wnal is comoietel;i  steriie and eiiminat=s ~h~ ne~a c,+
pasteurization required o+ soils and peat mixcures. 1~~ iarqe
pore volume provides excellent water haldinq capacity (providing
plants with some bu++er during feeding pump failure). It lends
itsel+ well to automation in irrigation and nutrient delivery
systems. The expected lifetime o+ the slabs is fram 1 to 4 years
and althou~h pasteurization is recommended between crops, many
growers have successfully produced several crops without it.

Flockwool slabs measuring 20 x 9<) :: 7.5 cm are u=ed for
production of cucumber, melon, eggpiank and squash.
measuring 15 x 9~3

Smaller =labs
x 7.5 cm are used for tolnato and pepp~~.

product ion. In additinn to these gt-cwins slab=, smaller “S?*OW
b 10C kS “ are used for growing young transplants prior to being sat
out on slabs. These blacks are also used +or the hydropcmic
culkivatiun o+ lettuce and herbs.

. .
Most growers using the rockwool system in Southern Ontario

are producing flowers. Tomatoes and cucumbers are the two most
popular vegetables grown in this medium. Since rockwnol is a
relatively new system in Canada, considerable research is being
conducted on technical aspects of crop nutrition and selection o+
suitable varieties.

The primary advantage of rockwool cu~tu~.= i= it’s simplicity

as a growing medium. Light, sterile and ready to use slabs
require no preparation and are easily disposed C+ at the
completion of qrowing. All advantages listed +or peat bag culture
are applicable to this system. F:ockwool may be easily adapt=d to
a raised trough system or laid directly on a graded +Ioor.

The primary disadvantage of khis form O+ substrate for arctic
culture is, as for any imported media, the high cast of freight
between the supplier and the northern grower. If, hcwever? media
must be imported, rockwool may be a lighter and less expensive
alternative to peat mi::es. As with peat bag culture, closed
systems are prone to nutrient imbalance, salt accumulation in the
medium and highet- occurrence of diseases than in open systems.



1.4.3 SAWDUST CULTURE

I

I

Sawdust is widely used in Western Canada where +orest
industries are numerous. The culture of plants is very similar tn
that of peat. Since the availability o+ this resource 1s limlted
to arctic grnwers, i% will not be considered +ot- tnis report.

1.4.4 SAND OR GRAVEL CIJLTURE

Sand and $jravel culture are the two most widely used methods
of hydroponic growin~ in the world today. The largest use of
these two methods is in the Southwestern States (Arizona 26
acres) and the Middle East (Abu 12habi 20 acres). The setup and
culture methods used for these two media are similar and will be
discussed together.

In this form of culture, the medium is placed in large beds
or directly on the surface c+ the floor. ~ecjs are 12 to 14 inches
in depth and of varied widths. Two methods c+ nutrient supply are
available. An open, trickle  irr-i~ation  system is most commonly
used for sand culture ‘while Sravel systems use a ciosed recycling
sub-irri.qation  technique to provide water and nutrients to the
plants. water is pumped  into the bed from below and allowed to
flood the bed completely for several minutes before draining back
to the storage tank. This system requires large storage tanks and
is impractical in a small greenhouse situatian.

9DV9NTAGES & DISAELYANTGGES OF S&N13 % GFAL’EL CULTUF;E
---------------------------------------------------

The primary advantage o+ these =y=tems is that! once
installed, no replacement o+ media is necessary”. Tha primary
requit-ement +ar th~s~ svstems is good quality sand (concrete
river wash ~.o–2. 0 mm) or gravel (crushed granite) having gcod
drainage but still able to retain maisture. These may not be
available in the north and are far tao costly to import. The
construction a+ the growing beds, reservoirs and support systems
are costlier than far other aq~regate  systems. The medium must be
sterilized with steam or chemicals between crops and the remaval
of root material i= difficult and time cansuminq. Salt buildup is
cammon ta both media and rautine +iushing is required.

Perhaps the largest disadvantage to these systems in the
arctic conte::t is the di++iculty of maintaining the temperature
o+ the medium. Heating pipes installed directly in the medium
have not proven very successful. Alsa, few if any Canadian
greenhouses utilize these growing =y=tem= and support in+armatian
is minimal.

- 15 -
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1.S SELECTION OF GROWING SYSTEMS
FOR ECONOMIC EVALUATION

Based on the advantages and ctiiadv=nta.qes c+ the =i++et-ent
growing systems  described  in this =acii’on? tne three =y=tem=
which, in the opinion o+ the author, ar-e likely ta be best
suited for arctic culture are:

PJFT CULTIJRE
PEAT BAG CULTURE
K’OCKWOOL CULTURE

The primary reasons for selecting these s.>’stems is that they
require similar setup and suppat-t facilities and are to scme
degree interchangeable (In the propo=ad designs which +oIIow.
NFT may be converted to peat bag or rackwnnl  or vice-vet-s=).

In the foilowinq  sections. ail three growing systems ‘will be
evaluated and infnrmatzon  will be supplled on technical aspects
o+ design as well as suppliers and related economic=. For peat
b’ag and rockwooi culture, both clcsed and open systems will be
evaluated in terms o+ costs and practicality.

- 14 -
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SECTION 2

:.-

INTERPRETATION OF THE MGRKET SURVEY AND SELECTION
OF SUITqBLE VEGETAEILES FOR INITIAL F’Fu3DUCTION

The second secticn o+ thl= repart will r.ev~ew the Gt-~~nh~US~

Market Survey “ Narket Study far a Cammet’Cl.dl Gt’=efthOUSe in
Iqaluit, NWT “ Dean Hay , March 19S8 and examine other factcrs
relevant to the selection of suitable vegetable varieties for
northern greenhouse production.

The selection o+ suitable greenhouse ~e~=tabi==  ~4ill
be made using the fallowing ct-iteria :

[Al ECONOMIC FEASIBILITY

Economic Attractiveness
Weekly Consumption
%pularity
Product Supply

[B] HORTICULTURAL FEASIBILITY

Suitability for Gr-eenhou=e  Culture
Suitability for Arctic Culrur-e
Technical Suppnrt Facilities

The horticultural and economic considerations will receive
equal weighting in the final selection process.

– 15 -



2.1 ECONOMIC FEilSIBILITY

Usinq the market survey, the top ten vegetables imported *D
Iqaluit may be rankea according to (1) Consumption and (Z) Tutial
Market Value.

VEGETABLE WEEKLY RAT I NG WE=KLY TOTAL RAT I NG
TYPE CONSUMPT ION MAK’k.ET VALUE

F’OTATCtES
LETTUCE ( # )

TOMATOES
CARROTS
ON 10NS
CUCUMBERS (*)
C%-! LIFLOWER
FROZEN F’EAS
CELERY
CAE3AGE

( # ) Total of Iceberg and i?omaine Lettuces
( * ) Total of Regul at-

and En g 1 i sh Cuc lulmb e rs

Trad i t iona 11 y, greenhouse cu 1 t i va t i en is fat- c~st 1 i et- than
f i e 1 d cu 1 ture, even when importation cc=t= are ccns idsred.
Greenhouse culture is more labour intensive and production is far
less mechanized than i= possible in the field. Capital and
overhead costs, particularly in northern climates? greatly
increase production costs. For economic reasans, +ew of the crop=
listed in Table 1 are ever grown in a gr==nho~l==.

Table 2 illustrates tthe potenbia~ return +or the major
v~~et~bies consumed in Iqal’uit as=urninq ~reenhcu=e culiut-e is
poss i b 1 e. The production +igures quutecl far the root crops such
as potato, on ian and carrnt at-e field estimates plus 2Cl~’~
(as=urning increased yields under greenhouse Cu 1 ture ) .

- 1* -
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TABLE 2 Potential returns ($/week/acre) for the 10 top
vegetables consumed in Iqaluzi assuming culture
in grsenhauses is. possible.

F’CITATOE5
LETTUCE Leaf
TOMATOES
CARROTS
ONIONS
CUCUMBERS

English
Regular

CAULIFLOWER
FROZEN F’EAS
CELERY
CABBAGE

----- —— - .- -- -- - -------  — -- — -- —--- --- -—---  —-- - -- - - -- - --------  --—-

Based on the figures estimated above, it i= aPParent  that
lettuce, English cucumber and tomato are potentially very
attractive as craps for Greenhouse production.

F’RUDUCT 5UF’F’LY

One a+ the essentiai  r=quir=ment=  n+ the norkhern  market i= a
constant and reliaoie  suppiy o+ procuce. The ma.inr ~,egetaoles
consumed in iqaluit Imay be ~ivid~~ into t>Jci ,3rzuzs  .acc~rcing  ta

the nature o+ thelt- harvest:
.

(A) CDNTINJCJJS HAF..VE3T : Fruit -pruducin’q  Cr-aa”s such as tOmat O,
cucurnaer and Fepper at-e characterize}+  by nuikiple fruits
produced and harveskea over several months o+ time. This
type o+ vegetable is desirable far the northern greenhouse
as it ensures a continuous supply of praduce over a long
cultivation period.

(B) SINGLE HGRVEST : Most crops tall under this categor’j.
plants ~row for a period O+ time and are hars~=ted
destructively at the end a+ the cultivation periad. In
arder to ensure a steady supply of produce it is necessary
to continuously initiate cultivation o+ new p~ant= where
prsviau= ones, have been harvested. The cultivation of such
crops under greenhouse conditions would increase laoour
requirements and CDS%= associated with seeding,trans-
planting and cleanup between crops.

- 17 -



FCIF’ULARITY

Th is r-e i a tes d i rec t 1 y to the curren 5 qua 1 i t; a+ p t-acuce
ava i 1 ab I e t a 1 ccs 1 c cn sum.er= i n m== t n o~- t h a f-n t GWns. ?:+ i cs. 11 y,
s tora~e craps such as p n t a t aes S cs rt= t = ~ and cm i cc = h a.:e the
largest consump t ion because they are ea= i IY transported, has.4e a
1 ong she 1 f 1 i +e and are of cons is ten t qua 1 i ty. In cant r-as t,
per i shab 1 e p reduce such as tomatoes, 1 e t tuce and a 11 sa 1 ad greens
tend to have a very short she 1 f 1 i f e and frequent 1 y SU+ +er damage
during transport. These factars resu i t in vegetab i es o+ great 1 y
vat. i ed qua 1 i ty.

The == 1 ec t i cn o+ ve~e tab 1 e= =hou 1 u the: -e+nre at temp t to f i 11
the current need +CIr bet ier qua i i ty p rotiuc e a+ the mot-=
per-i =~~b 1 e varieties. The se i ec t ion c!+ popu 1 at- var i et ies w i 11
a 1 so Suaran tee a s t e<ay market o ema.n d f o r I oc.3 I g rowe f-~ .

2.2 HORTICULTURAL FEASIBILITY

Theoretically, most vegetables can be =ucces=fully grown in
greenhouses. Greenhouse vegetables proaucs greater yisld= per
acre over a ~hor-ter  periad o+ time trian comparable +ieid crops.
Despite these +eature=, only a limited number o+ vegetables are
currently praduced in green hou==s due to ~fi= +at’ qr’=atar
production and capital cast= Invoived. Q+ the ,naj~r veqets.bie~
con suinea in Iqalult, the +ollcwlng Gnes are acti.si; , beinq ~rown
under gi ass in Canada :

statistics Canada 1987

- la - -
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Since the greenhouse culture o+ any vegetable in the north
will be to some extent e::perimental, the degree n+ information
and support facilities available to the qrawer  will be essential
for successful operation. It is therefore recammendea  to select
ve~etable varieties and cultivatlcwl methoos which are mcst
canv~ntinn~l .anil currenzly beinq carried @lJt in &ns. da. ~~ :-,=

pre=ent time, the largest number o+ acres undst- ~lais i= de ”.’aied
to fcur vegecdble crops:

1. ~Gr!GTo : 8.5 P!il Li~n +t~ (Ent=rici)
7-. CUCIJMGEF: : 5.~ Pliliiun +t= (Gntariaj
S. LETTUCE : No +igures availabie
4. F’EFF’ERS : FJo figures available

The northern grower may, through consultation with other
Srowers in the south, benefit from time-tried technoio~y and
years o+ experience. In addition, a Iarg= number CJ+ qn~=vnm=nt
and commercial enterprises  exist to provid= hOt’tlCLl~i~t’~i =uppnrt
to growers. As one may expect, the mast in+nrmatimn  i= availaole
for the cultivation o+ tomato and cucumber as thesa are the
~eadlng crop= produced in the COUntry kodaY- Ect!I Eurnpean
{sGedle5sj and American varieties o+ cucumber can be produced
under hydrcpanic conditions as can over haif a dczen varieries a+
tomato.

Lettuce plants at’< well suited to hydroponic culture in
Canada by virtue of their small size? rapid growing cYcle~ low
temperatut-e and lighting  requirements. A wide range of automated,
continuous—production growing systems “nav= been developed and
tested around the world. Despite these featurss, total production
of greenhouse lettuce remain= small at the present time aS most
growers prefer the more profitable returns n+ tc.mat~ and cucLlmber
cultivation.

Despite the SUCCeSSfUl o~eratiun  o+ these anti ochat. lettuce
greenhouses. the market tor lea+ l=ttL:c= i= limlt=d in Canada.. an

astimated W>% of Canadian lettuce production ~primat.lly =outnern
Ontario} is exported to the Unit=d States whet-e the demand is
high. Ironically, Canadians pre+er head lettuce (“Iceoerg”) and
import tons from the Southern State= annually. At the present
time, head lettuce cannot be grown in totally enclosed
greenhouses due to a genetic problem and reduced iight levels.
~e~earch in Holland  has produced a small, loose-headed variety of
lettuce (“Crystello”) out at present it is not o+ marketable
quality.

~lthough head lettuce cannot be consi~==d +or production in
a northern greenhouse, it is this author’s belief that a hi~her
quality, reasonably priced leaf lettuc= can compete in the
northern marketplace. As with many imported prnduct=, increased
utilization will crime with increased exposure and triai.

, .-



SUITABILITY FDR ARCTIC F’RODUCTION

( 1 ) SOIL

Tn e I ac k o f su i tab 1 e subs t t-a tes i n tunc ra r=q ion= p res=n t =
the great est abs tac 1 e to convent i ona 1 p rccuc z ion o+ any crap. The
selection of vegetables must therefore be made an the basis o+
the plants ability to grow in

[Al small quantities a+ imported soil, or
[B] in soil less culture media such as t-ockwocl,

peat, sand or water.
The soilless culturs of tomato, cucumber! iett~ice, and

peppers is well deveiupea and actively pursued in greenhouses
across Canada. Unfortunately, all root ct-mFs such 2.s Potatn,
car.:-ot and onion requir~ large quantities 0+ SOil anci Sf’e iE%S ,
adaptable to arctic cuiture. ~nm= sUCC=S5 has “Deen obtained ,wlth
the

(2)

culture of potatoes

133LD TEMF”ERATURE5

Although greenhouse

in peat mixtures.

temperatures may be maintained at any
desired level, cool weatner” craps {Pota~o, Lettuce, Onion,
Carrot, Cauliflower, Caobage,  Sraccaiij  ShOUld be mar= r==i=tan~
to temperature changes and produce more favouraDiy in ail see.sans
than warm weather varieties. The possibility o+ large scale
outdoor or cold frame prciduction of $bese popular. vegecabl=
during the arctic summer =Ihouid  b e  considered as 5. +1-lture
e;.:pan~ign opticn ta s.n>. ~reenncu5e  opers. tion.

The lighting conditions in arctic regions are also a cause
for concern in northern horticulture. In summer, the e::tended
photoperiod may un+avourably in fiuence flower and fruit
production in +r!~itin~ crops while causing lea+ Ct’OpS tc) bolt tO
seed. It may therefnre be necessary to includ= “black out”
curtains in any greenhouse to arti+lclally =Imulate ni~httime
conditions. In the opinion o+ Horticulturalist Hill Straver
(OM~F, Horticultural F:esearch Institute of OnkarioS Vineland),
both lettuce and cucumber should be able to grow without adverse
e++ects under tne lnng day length. Tomato planrs may require 4
hour’s of darkness.
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In winter, law light levels require the use o+ supplemental
artificial illumination and vegetables requirinq  lower light

levels for production would be selected. Lettuce in partlculat-
favaurs low growing temperatures (8°- IQ°C) and low iiqht levels
and may bs grown solel:~ under loc)z arti+lciai  iilumlnatinn making
it an ideal candidate for year-round prec!ucti@n in a northern
greenhouse. Research at Laval Ijnlwersitiss  Cente:. +nr Sheltered
~rop  Special:za tion have demanstra:.ed  that tcmato -and cuc’umber
production can also be malntaineci at reasonably ni~ti levels usinq
artificial lighting. The deciding factor with respect to wintet-
prcducticn o+ th~s~ Cr-CIpS will t,hsre+ore ns primariiy ec~nnmic.

2.3 RECIJMMENDED CROPS :

Based on an assessment o+ econcmic anti hortic~lltural
-feasibility, the +oilawing tnree crops have been ch’a5en as most
suitable candidates for preliminarij  trials in Iqaiuit.

1. LETTUCE
2. TOMATO
Z. CUCUMBER

The following principal reasons are summarized:

- these crops have high market vaiue and hzgh local ccmsumption
but have a limited shelf life and are u+ inconsistent quality.
In cctntt-ast, potato? carrot and onion can easily be shipped
and stot-ed with negligible lass o+ quality t= can=u.mers.

- the gt-eenhouse  cult~it.=  o+ the== crcps := being =u====+uii:~
demonstrated in Cknada tacay.. In c=tntrast gr==:nuu=e cultiva-
tion o+ cool weather crap= iporat~, ca?-rac a.na cnzon~ Wuuld ~=
more e::perimentai and with uncertain resuits. F:oot crcps wcula
also require large quantities o+ soil unavailable in Iqaiuit.

- these crops have been able to compete successfully with
imports on the southern market and can b= expected to follow
suit in the north.
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a wxde range o+ cultivation techniques and growing systems
have been successful in producing these three vegetables.
Consequently a large number of pt-nduct= and information i=
readily avazlable  from Canadian and Gmerlcan suppllers.

is scarce and involves elabt=rate and
procedures betwesn crops.

a“ large suppot-t network 1s av-ai iable
vegetables (govet-nment  and industry).

these crops have been successfully grown  under winter
conditions in southern Canada and will likely adapt weil
to the cool climates of the north.

tomakaes and cucumbers have a long procluctian  season with
continuous harvest of +ruit over 6 to = months. This reduces
labour cost= in’iolved  with seeding, transpianking and cieanup
between crops. In contrast, most of the ether CPOP= currently
consumed have a long growing period with sinqie har.~est.

lettuce {leaf) has a rapid maturation and can be produced in
just over 7 weeks ft-om seed. When cultivate in NFT hydroponic
systems. up to 7 crops may be produced In one year. New
designs” in lettuce hydroponic culture permit the continuous
croppinq of plants In one bea.

al~bo~[gh  these thr~~ crcp~ are recommended  ~~r initial Cri=ls
in an arctic gr.esnhouse! a wide ran~e 0+ az.her pianrs may also
be produced seasanail>’ uncer mtdccr =cntiiticns  in cold +ram=
and small quanset-type gt-=enhcu=es  canvenz:nnail>’  L~sed +ar
bedding plants in the south. ~=a~iznal production o+ cabbage?
turnips, beets, onions, carrots, brcccoli,  cauii+lower~
chinese cabbage, lettuce and spinach would increase variety of
local produce and satis+y some o+ the increased market demand
characteristic o+ this time o+ year. This possibility should
be considered as an “expansion option” iar the ~reenhou=e
operation and only be considered once the primary gt-owing
systems have been successfully established.



SECTION 3

F’130DUCTION  SCENAR1OS FOR TOMATO, CUCUMEER
AND LETTUCE CR(3F’S IN IQGLUIT GREENHOUSE

In this sectim? a numoer a+ scenarios will be ~rssented +cr
the production o+ tomatoes, cucumbers and lettuce. ?%= fallcwing
topics are covered:

1.
?-.
~-

4.
5.
6.

3 . 1 LENGTH

LENGTH GF F’RODUCTICIN SEASOt’1
PRO13_lCT NIX
SIZE C)F E.EEEiWiOU!3E
TAF:GET YIELDS FOR EACH CRGF’
GRUWING S’fSTEM
S~MM&~Y QF ScEN~EIoS

OF PRODUCTION SEASON

((2) TOMATO AND CUCUMBER

Both crops have a similar cultural design. Seeclinqs and
yaunq transplants require between lc) and 14 we~ks o+ growth
be+ore they begin production c+ harvesta~ie truit. TiIe subsequent
praductimn periad ma:~ be extended for- up ZD a :-eat’ prnviding
cultural requirements  are Sakls+ied (iiShtiing and +et-tilizationl  .

.

Since both these crops require high Light level= and warm
temperatures for grawth, mid-winter pr~duciion utilizing
artificial illumination is likely to be very costly. For thi=
reason, two production periods wiil be evaluated:

(1) 8 MONTH FEUi3UCTION
(2) 12 PIONTi+ PR013UCTIoN-

A number of pctential  production schedules +or both cptions
are presented for consideration in Section 5.7 o+ this re~ort.

-.=-.-, -



(B) LETTUCE

Lettuce plants have relatively low iightinq requir-emertts  and
can be successfully  procuc=d unaer arti+iclal illumination. In
addition. growth temperatures +ur this crop are law and recuit’q

smali=r heatin~ requirement=. Since there l= a hiqn dsmand fcr
this vegetable, and sinc2 initial i.ndicakions sug~est ‘Winter
cultivation i= f=a=ibleq a 12 month cultivation period i=
recommended. The time t.equire~ +rom seed tn har..,est  e::t~nds +;<om
o t o 10 wee k.s b u t an average o+ 8 weeks P e r c :-CP w i 11 be used f m-
ou.- c a 1 cu 1 ● t i cms. Tn i 3 rep r==en t S am aver-aqe  a + k. S c ru~s,; year.

3.2 SIZE OF GREENHOUSE REQUIRED TO MEET
CURRENT MARKET DEMAND

I n oraer to detet-m ine the s i ze o+ g reennouse requ i red to meet
current market demand, th t-e= sers ot stat 1 = t xc= are requ i red:

1. Length o+ growing seascm
2. Averaqe yields of crops under greenhouse culture
5. Market demand

Tab 1 = 3 1 1s ts conservat i ve es t lma tes rep or ted +~r the
hydrnpon  1 c culture O* our 3 se 1 PC ted v=~eta.b 1 e= in Canada-
E= t i ma tes for tomato and cuc!umber p 1 an t= ate b a~.ed  an ~OCa  i = of
sp r i ng and f a 11 craps averaged over an 8 month cu 1 t i va t ion
per i od. Since little data exists +or pt-oauct ion over a 12 month
period, estimates will be Senerated from the E month data.

24 -



TAHLE 3 Average >,iel~s and recomrnenaed growing area
per plant fnt- tomato~ cucumber and lettuce
produced in greenhouses in Canada.

TOMATO : 20 lbs ,/p 1 an t ~ + t~ 4 lbs/ +tz
CUCUMBER : 45 cues/plant 9 +tz 5 lbs/ f t~

[23 12 MONTH PRODUCTION SE9SON

YIELD AREA/ FLANT ‘Y”” i ELD i AREA

,i

.,

I

i

MARKET DEMAND

The marke c demand +ur the th t-ee sei =C ted ‘veqe tao 1 es is taken
+ ram Dean Hay “Market Stud>’ tar a Comme rc i a 1 Greenhouse i n
I q a 1 L1 i t, PiWT” March. 19SS. For the purposes o f ch i = re?crt. bc tn
+ n rms o f 1 e t t uc e ( I r eb e rg and fioma i n e ) and cucurnb  = r ( re~u 1 ar
s 1 i c i ng and Eng 1 i s.h ‘seed 1 es= ~ w i i 1 b e c cmb i n ed i n h h e e= ~ i m a t .ec
tci ta 1 market demand. I t is e::pec ted *ha t cans ume r= w 11 1 -F avou r
the + resh e r, 1 oc a 11 y produced

/
i t em F’eg a rd 1 ess o f v = r i = t y.

Weekly Consumption in Iqaluit (Jan l~ea)

LETTUCE : 71t> heaos/we~k
TOMATO : ~5Q lb/week
CUCtiMGER : 435 lb/week 1

(from Table 1)
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The growing area required
calculated as:

to meet current weekly demand is

(++) ~&F~T’{ M& FiGIPl: Tomat= and cucumber Piant= are nok
characterized by a uni+orm  harv==~ of +rult= w==~ In and w==k
out. Production levels vary with the age o+ the plant and stage
of development. Some Io=s o+ +ruit may aiso occur due to di=iease

and during packagln~. It is therefore recommended to overproduce
to meet target demands. A 15 Z margin will be employed for these
calculations. Lettuce is more reliable and does not require SL:Ch
a hiqh margin. A 5X margin will be emplnyed.

U=in5 the values estimated above, the fniluwinq growing area=
would be required to meet current c=mand far the=e three
vegetables in Iqaluit:

—-—--.-—-------—-—-——  ----------

TOMATO 5,720 +tz

CUCUMBER 2,850 ft~

LETTUCE ~,9&i2 +t~

--———-———---——---—--—-—-—--—-—---—-—

A total

i m m e d i a t e l y

third 0+ an

S.3 PROPOSED PRODUCT MIX

The +ol lowing product mi:: is prcposed  +~r the initi.ai greenhouse.

TOMATD . . . . 40% UF TCJTAL GF:UWING GF.EA
CUCUMEEFi . . 20Z OF TOTAL GROWING  GEEA
LETTUCE . . . 40Z OF TOTAL &=:GlLJ13h3 GFEA

t -. .
-0 —



S.4 SIZE OF GREENHOUSE

In consideration O+ the experimental nature of zhis pruject,
a starting volume o+ bet Ween ~~:j% artd ~~% Of current market demand
should be attempted. Twa gt-eennouse sizes wili pt”o’zld=  this ran~e

— 7 0+ ptvduct ion ardwili be e::amineci +or  ~.nis repa:. t:

(1) 7,5(j!:)  +tz
( 2 !  1 0 ,  [:3(>(:  +tz

3.5 TARGET YIELDS ESTIMATED FOR
INITIAL PRODUCTION TRIALS IN IQALUIT

1 Using the information presented in the previous =ections?  it
is now possible to calculate target yields for our selected
scenarios. For the purposes o+ these estimat==, ii will be

j. assumed that the three selected ~rowin~ systems at-e eqllaliy
productive. Table 4 summarizes  production area=. plant numoer=
and target Yields for the Iqaluit Fjr=enhCU5e. Tbese e s t i m a t e s

will be used in the following sections ta determine cost
,[ estimates and design laycrut=.

,1 TABLE 4 Recommended initial production areas, plant numbers
and target yields for the Iqaluit  greenhouse.

,r
VEGETA13LE AREA OF FLANT TiXiEET YIELDS

I
CULTI(JATION NUFIEER WE EKL’Y ANNUAL

I

I CUCUMEER l,5@:) +t2 I&: 2Z5 lbs/”b..Jk ~ ,50”.:) lbs (5 ma)
“12,0@j lbs (12 ma)

LETTUCE z.O(jO +t~ ~ijo(] 375 hd=/’wk 19,500 hds (12 mo)
I
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Having evaluated the target yields +or two potential green-
house sizes, it is now passibie to estimate more precisely the
proportion of the current market demand which can be satis+iec by
their production.

--------------------  --------------------  -------  --- --

CROP 7,5(1(1 +tz l~j~OOO +t~
----------------------------------------------------

LETTUCE

----------------------------------------------------

From this table it +O11OWS that the initial production
estimates will be able to satisfy between W and 63 percent o+
current market demand.

CIESIGN F’OTENTIAL  OF GF:EENHOUSE

In the +ol lowing table, the author has predicted maximum
production capacities should all three crops be increased to a
maximum area n+ 10, OO(:) +t2\crop. (Total of 50,0W) ft2 of qrowing
area). W additional “bumper crop” prediction is added to
illustrate potential yields o+ above-aver-age crcp= and seasons.

I
I

29 -
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Table 5 F’otential production o+ Iqaluit greenhouse assuming
e::pans lcn of a 11 tn r-e= c reps to 10, O@l + t 2./” c r-zip anti
5!:/;: 1 n crease in crop yields.

TOMATO
10,000 ft2 1, 2S0 Ibs 2CJ0 % 1,B75  Ibs Zij(j 7.

. .
Clear 1 y, the future “design” potential o+ the Iqaluit

greenhouse is substantial. Not only can it be exFanded to match
the local demand for produce, but it may also surpass local and
move to supply regional requirements as well.

I

3.6 GROWING SYSTEMS
.

As was outlined in Section 1, three growzng systems will be
evaluated in this report. These are:

1. NFT CULTURE
7-. PEAT BAG CULTUF:E
=. ROCWJGOL CULTURE

I
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3 . 7 SUMMARY OF SCEN(IRIOS FOR ECONOMIC EVALUATION

The fallowing summary a+ the scenario n~t:mns is pres=nte~
for use in the subsequent sections:

GROWING (Al NFT [B] PEAT HAG

SYSTEM CULTURE CULTURE

NUTRIENT [Al OFEN CEII CLGSED
RECUVERY SYSTEM SYSTEM

I

GROWING [91 8 MUNTH5 CBI 12 MUNTHS

SEASIJN
I

1.”

CROF’ [Al TOMATO CBI CLiCUMGER

f ,

I

I

CC3 RGCWJOOL
CULTURE

CC] LETTUCE

—



SECTION 4

TECHNICAL INFORMATION RELATED TO THE
GROWING AND LIGHTING SYSTEMS

This section w1ll present additional technical information
related to composition and layout of the three growing systetns
proposed in Section 1.5 . The layout o+ the lighting system and
some details on a potential outdoor growing house will also be
p r o v i d e d .

4.1 SUPPORT OF GROWING MEDIUM FOR
OPEN AND CLOSED SYSTEMS

I

I

Generally, most southern greenhouses growing vegetables in
peat bag, rockwool and NFT culture place the plants directly on a
landscaped greenhouse floor. In the arctic, cold soils underlain
with permafrost render this practice impractical. It is therefore
recommended that all plants be either (a) raised on a support
system (illustrated below) or (b) placed on thick slabs of
insulation ta shelter the root zone f’rom the cold.

A
B

$J!j+yjv. . . . .. . . . . . . . . . . . . .-. ,,. . . -0(” . . . . . . .
● o . . -.’. . lo. . .. . . ‘ . . .. . ‘ . .. . . . - . . . . . . . . .. ..” . . , . . . . . . . . . , . - . . - . . . .

FIGURE 3 Supper t systems convent i ona 11 y ut i 1 i zed for NFT,
peat bag and rockwool  cu 1 ture.

i -
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The raised system (A) offers several advantages. Firstly,
heating pipes may be conveniently piaced under the benches or
troughs producing a warm layer O+ insulation frum the cold
floors. This method also contributes to warming the nutrient
solutian  which is re-circuiated in the trcuqh=. Secnndl y, the
drainage o+ solutions out o+ the systzm i= gr’eatiy improvea since
trauqh slopes can be more accurately adjusted tpt’opet’ qra~~lng IY+
gre~~house +loor.s is a very dif+icult task) .

A wide number o+ materials may be usacl  for- troughs, althou~h
hi5h density polyethylene is recommended to reduce phytotoxicity
a+ the water/nutrient supply. REKO tm gutters, available from
Peter Zwart and Associates are suitable for such put-poses.
Troughs may be of any construction if plastic is used to line the
inside (as for NIFT system described later in this section). 9
simple design for single and double Sutter supports is
illustrated in Figure 4. This design is availaole commercially
+rom Harnois Industries (and quoted for in the economic section>
but may also be manufactured +rom local materials to save
shipping costs.

The design o+ the trou~h support system is =u++i=iently
flexible to permit use of any of the three growing systems
described in section 1 as well as the possibility o+ future
conversing from one system to another.

Careful attention must be paid to g~-ading O+ the tr’aug~s,
gutters or floors to ensur= a continuous siope of 1:73. This will ~
assure p~oper fluw rates across piant rooks in an NF7 system and
will dt-aln returning water effectl~ely.

In addikian ta primary heating pipes under the suppmrt
system~ pf;c tublnq 0-+ stnall diame~er may dlso be Iaid down the

center o+ trouqhs (only under peat bag and rnckwool substrates)
to improve root zone temperatures. This is o+ particular
importance if substrates are not raised on a support system but
are placed directly on a graded greenhouse floor.

I

I

1 .



FIGURE 4a Structural drawings of NFT support system
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FIGURE 4b Structural drawings of NFT support system
(1-iarnois Ltd., St Thomas, PQ)
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4.2 GROWING MEDIA AND MATERIALS FOR
AGGREGATE AND NFT CULTURE

The basic design o+ NF7 and acjgre.qate grnwing  s:~starns  has
been adequately described in section 1 o+ this report. T“nis
section will simply provide same additional information
concerning suppliers of these product=.

4.2.1 NFT CULTURE

(A) TCJMATOES / CUCUMBERS

The basic desiSn of the standard NFT setup far tomatoes and
cucumber-s is illustrated in FiSuee 4. A wide varie%y o+ trough
materials are commercially avaiiabl=. Fct- example, Canadian
Hydrogardens Ltd O+ Ancaster, Clntario supply black/white
co-extruded fiim “Gro-tub~” designed specifically +or knmato  NFT
cropping. The plastic tube is replaced after each crap permitting
a rapid cleanup of the greenhouse.

(EI) LETTUCE

A number of commercial channels are available +or use in a
continuous cropping setup. Suppliers include Canadian
Hydrogardens  Ltd of f%ca=tet-? Ontario; F’etsr Zwart and Qssaciates
of Grimsby, Ontario (REHAU gutters); and Hydro-Gardens  0+
Colorado Springs, CQ (Nutrient Flow System)

4. 2.2 PEAT BAG CULTURE

A wide range of potential mixtures is described in section 1.
A minimum volume of 10 litres (2.5 US gallons) is recommended per
plant for bag culture. Commercial operations tend to use 20 litt-e
bags holding 2 tomato plants or 1 cucumber plant.

Specialized bags are available frclm H:#dro-Garaens  Inc. in
Colorado made of ultra-violet stabilized EVA plastic which is
much stronger than conventional polyethylene. Alternately? some
peat mixes are supplied in ready–to–grnw bags- For f=:=Ple,
Shamrock Industries of Norwich, CJntaric mar-kets spec:ally biended
“tomato mix” and “Flnr~ua cucumber mi::” in re.ady-ta-use “Sipeedel
Gro Bags”.
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4* ~. ~ ROCKWOOL CULTURE

Rackwoal slabs are pruduced in two szzes:

Cucurlszi+ “:
TOMATO :

In addition to thesa

;: Ci-t2(:! ,... :: 7.5 cm
15 ;: q(> ;< ~.~ cm

growing slabs, smaller “Germination
cubss” (t=mato and lettucs) and “graw clocka’r (c’~cumber)  a:’e usaa
for grawing young  piants prior to being =a$ out an slabs. Silao=
ars individually wrapped in twu-sided pciyethylece  (black inside

and white outside] to reduce algal growth in the root zone and
reflect light to the lower leaves of the crop.

The leading supplier of Rockwool products (trademark GRQEAN)
is Grodania A/S o+ Eenrnark. Gradan products are now readiiy
available to Canadian growers through Aerodynamics a+ Ercokiynl
NY, via distributors in Giuetiec (Harnois Industries), ~~tar-i)~
(F”et~r- ~wart and Associates)  and other provinces. F.ecentiyP F’lant
F’roducts of Bramalea, Ontat.io .announc=d the art-ivai 0+ a Canadian

produced equivalent (trademark FAEGRO). This Product 15 c~drrent~y
beinq tested and should be available to Sr-ew=rs bY late 19SS-

I

I

I
I
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4. s LAYOUT OF GREENHOUSE GROWING AREAS
GND PLANT SPRCING

Lettuce plants have very small space requirements, often 9
inches square will be sufficient. For the put-poses o+ this study,

a global IZ square inches (1 ft~) will be aiioca tea to

p rcduc t i on.

1. -SPACING : TOMGTG : F’l ants are Srown in double rows separated
BETWEEN by gullies 12” wide. Aisies berween rows
Rows are S0” wide (F~g 7). Gullles  at= used to

lay nutrient solution feed lines. Rows
are oriented across the width of the
greenhouse and are Z4” feet in length (see

typical cross-section in Figure 5.

CUCIJM3EK’  : Fl&nts are grown in double rows Separated
by gullies 12” wide. Aisle= between raws
are increased to 40” in width (Fig ~).
F.ows are oriented acrass the width of the
greenhouse and are 24 +eet in iength i.see
Fi~ Zl

LETTIJCE : Spacing betwesn channei= i= adJ~l=fiaCl~ in
t he Pr.mpa=ed “moveabieH  systsm anC wili

vary frcm 1“ between channels dur~ng the
seedling staqe to around l=” between
channels +or mature plants. (See Figure
2 in section 1.3.1). Channels are 24 feet
in length and +ailow the same crass-
sectianal prn+ile illu=trafed in Fig. o.

--<./ -
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FIGURE 5 Typical greenhouse crass-secti
of tomato of cucumber  c rops .  1
directly on the floor; the mi[
is reduced by 18 to 24 inches

*--T-Z-N””
72”

3 6 ”
AISLES

j

e
%/

II I i2-M”$ II— .

6 Typical greenhouse cross -see t ion far hydrupon ic
p;uduct ion o+ lettuce croPs -

.
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2. SPQCING  :  TOMATO : Plants are placed 1
BETWEEN a total 0+ 33 plant
PLANTS Cu 1 t u t’e . Z plants <
IN ROW while in peat c“ult~

p Imts tnay be grcwf

CL! CWIBER : F’ I an t= are p 1 aced
0+ 1= p 1 an ts per f
plan tis at-e qt-own ~
cu i tu re. L:5L!a i 1 y
bag.

LETTUCE : The spacing between plan ts in the channel
is f i xed at 8“ center to center allowing
a maximum 0+ 30 plants per channel (224’).

Z. VERTICAL PFKiFILE 130th tomato and cucumber plants produce
OF THE GREENHOUSE vines over 6 +ee~ in hei~n~. This +Sa~,~re

combined with the need tnr at-ti+ic ial

illumination results in a typically hi5h
vertical profile for a greenhouse.

TOMATO : F’lants are supported by vertlcai wit-es
above the growing trough (Figure 7)

CUCUMHER  : Plants ar= supported by wires which form
a V pattern above the aisles (Figure ~).
This arrangement optimizes tne plant’s
light rece~iion  and +acili tata= inspec-
tion and itar’<est o+ cucumbers when r-ipe..

LETTUCE : Lettuce plants have a very low vertical
pro+ile  and do not requi t-e as much head—
space as the talier tomato and CuCLUTtb=r
crops. For this reason, and in the
interest o+ enerqy conservation, the
vertical profile of the lettuce house
may be sLtbstant ially reduced.

—.
.4



FIGURE 7 Typical row spacing and vert ical  pr~file o+
tomato plants in greenhouse.
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FIGURE 8 T y p i c a l  r o w  spacing and vertical p r o f i l e  o f
cucumber plants in greenhouse.
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4. NUMBER OF ROWS
F’ER GREENHOUSE

The number of rows will vary according to
the scale of the greenhouse operation.
The +ollowinq  table outlines the number
o+ rowsicnannels that wiil be required
+or a 7~5@3 +t~, a 1OYOOO f t~ and +utut-e
~ij,ij(j(j  +t2 green nnus e. Ail rows are 24
+e~t in l~n~th le.avinq 3 test on eac.h
side 0+ the ~reenrlou=e +or wal}:way.

TABLE 6 Gr~enh~use  dimensions and number of rows required
for di+ferent  size optinns

GREENHOUSE
SIZE : 7,50(3 +t2 I(j,[j(j(j  +tz ~tj,[j!~(j +t~

TOMATO : 3,000 ft2 4,[3(30 ft2 10,(]00 ft2
3(3 :-: llj(:l’ 30 x 155’ --- . . ●

xi] rows (24’) 40 rows (24’) 11(3-:.: s3;24 ,,

I

(

I
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4.4 IRRIGATION AND NUTRIENT DELIVERY SYSTEMS

~ro~ nutritinn and lrri~atlon are the most impcrtant aspects
o+ grawinq piants hyarcponicaily-  Both water and aqqrsqate
culture s.yscems cnosen for consideration in this project ucilize
similar equipment and materials and WL1l be aescribed togerhet-. %

brie+ =ummary o+ operatirtq principle= i= provided. Please ,refer
to illustrations of clus.ed and cpen systems in Fiqures 9, 10, 11?
and 1S on the +nllowing  pa~=s.

In a closed hydroponic system (Fig 9, 11), the nutrient
so lu t ion  is  c i rcu la ted  be tween  a  catchment  ta r tk  o r  reservo i r  and
t h e  p l a n t s  in t r o u g h s . At the catchment tank (Fig 1), automatic
controls and metering pumps (injectors) monitor the water and add

) liquid fertilizer% plu5 acid according to preset conductivity
(EC) and pH limits. The temperature o+ the soiuticn  is maintained

I using heating coils immersed in the tank. In Iqaluit, it may be
more economical to instali a water to water heat e::chan~er  to

I
heat the solution tank (instead of electrical immersion heater).
F’athoqens and algae are controileci by irradiation with

I ultra-violet light. Aerators ara used to increase oxygen content
of the solution.

[ The controller (either computer or timers) pumps water to

I plants (A) at intermittent cycles (bag and rockwool) or
(B) continuously (NFT CUltUreJ.

I
In rockwool culture, analyzers located directly in a “test slao”
are used to automatically trigger irrigation when slab water
volume drcps below a preaetermlned level. Similarly? a trip scale
is used in peat bag culkure to initiate irrigation.

biater/nutrients are delivered to the plant= tnt-ouqh a netwot-k
of main headers, raw heaaers, l~ac~r tube= and nrip emitters.
Fram the plant, excess nutrient =alutlcn brains b=ck througn the
trou~h system ho th~- catchment tank.

In an open hydroponic system (Fig 12)7 all component= are
virtually identical except that excess nutrient solution and
water being delivered to the plants (peat bag or rockwool) is
drained away +rom the system and not re–used.  In the Iqaluit
greenhouse, it may be necessary to have a stot-aqe reservoir to
contain the used nutrient solution until it can be r-emoved by
sewaqe truck.
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FIGURE 9 A typical NFT System (closed)

FIGURE 10 Catchment tank and nutrient supply system
for hydroponic culture.
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a. FOOt valve: b. Thermally insu/a@d tank;

c. Ground level; d. Water supply; e. Circulating
pumps: f. Filter: g. Nutrient supply to gullies;
h. Hot warerpipe;  i. Hot water control valve;
j. pfl controller; k. Salinity controller:
L Injection pumps for stock solutions:
m. Overflow: n. Device to increase aeration;
p. pH and salinity senson;  q. Heating coil;
r. Rerurn pipe from gullies.
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FIGURE 11 A typical closed hydroponic system for
NFT or aggregate culture of plants.
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FIGURE 12 A typical
aggregate

I
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open hydroponic system
culture of plants.
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A wide range o+ equipment is available for growers in Canada.
Many suppliers market stand-alone injectorimixer unit= which come
complete with controllers, pumps, mi::in~ tank, sand filter?
sensors and injectars. For example, Growers Techn:cal service=  O+

i~issi=saug a, On ~ar i o Q f fer the Va 1 ma t i c automat 1 c N i ::erz’ I :-r i qa tar.
w~ 1 c h 1 ~ ~ .s~ ab 1,= o + + eed i n g i wo c cmp i e r e 1 :.’ =.ep at. a t e c rops CJ+ oa~
or rock woo 1 cu 1 ture b y a 1 t erna t i n g c :.-C 1 es 0 + d i f + e r.sn t nut r i en ts.
Other supp 1 i ers o+ camp 1 ete systems i nc iuae Mete:: Corpora i i on o+
kes ton, On t at- i o, F’eter Zwar t and ksoc i akes of Gr i msby ~ Gn tar i o ?
Can ad i an Hyd roq =t-d ens L i m i ~ed o+ %ncas %er ~ Cn tar- io and Harno is
I ndu5 ~ ~. i =S ~ + S k Tncmas. @Lebec . ( Se= i is t o + =uF p i i e rs i n
Append i :: A ) .

The +011 owing 1 i sts i tem i ze basic equi preen t requ i remen cs for
the comp 1 ete supp 1 y and con t ro 1 of nutrients and water. Each crap
w i 11 requ i re i ts own inc!ependen t sys tern as nut r i en t cond i t ions
and r-a t es o f ap p 1 i c a t ions vat-y b e twe=n CL(C umber ~ tcmato and
let tuce p 1 an ts. Sma 1 i mod i + 1 ca t i cns are requi  red +or NH v=r=us
@s reg a t e =ys t ems and these are p o L n ted out. Tti = j= r i c i n g o +
camp 1 e te system package= i = covered i n the econ c,m i c sec t i on .

Ail sys$ems have been scaled :n size to permit an L[pyratiifig
in greenhouse growing area to at least 10?OGO ft2. This will
enable -future expansion of successful crops. It is also
recommended that identical systems~”compon ents be purchased for
all S crops to reduce in–stock requirements for spare parts. In
the event o+ a breakdown of one system, emergency bypass valves
can be installed to permit two crop= to operate 0++ one system.

1. NIJTSIENT MCNITC!SIiW3  AND ADJU5TP1ENT
.- —— ----- —— - — - -— ----- - —- - —- --- —— - — - — —— --

– F’olyethylene Tanks. : Two IO@:~ litre tank= are required r or
scoraqe 0+ +ertiilzet-  cancen traces. (While
in concentrated form. the calcium m~~st be
~ep~ separate from sul+ate and phosphate
containing fertilizers).

- Stainless Steel Tank : One small tank is required for storage
of concentrated Nitric acid (PH control)

– EC (Conductivity) Meters: One In-line met”er is used to drive
the nutrient injection metering pumps
and one hand–held meter is used +or
spot checks at the plant.

– Multiple–Head Injection F’umps : to +eed concentrated fertilizer-
and acid to catchm=nt  tank on command
trom EC and PH in —iine meters.

– Controller +or pH and EC regulation : may be comFuter or timer
driven system.

- 4e -



- pt-i Meters : One In-line meter to drive the acza injection pump
and one hand-held meter to check” r~he in-line meter.

2. CATCHMENT TANK AND ACCE550Ri ES
--------------------------------------

- Catchment Tank : f% insulated polyethylene tank o+ food grade
w i th app t-o:: i ma te 1 y 600 — 1000 1 i t r.= c 3P a.c i t y
w i i 1 be requ i red for eac n crop.

– Heating Coil : Stainless steei watsr to watzr hesc e::chanqers

\

coil= are recummendec! to maintain the ccn=tant
temper- ature o+ the re-citsculatin~  solution.

- The~mo~tati~  Control  : For controlling the o?eraticn of tne

1

heating cail.
- Makeup water Supply : Fresh water make)~p regulated b:.’ a

standard float device. An estimaten
Z litres/plant/day is required for NFT.

[

- Aerator : The returning nutrient solution is passed througn a
drip aerator which breaks up the water and increases
the o:<ygen content o+ the solution.

1

- Ultra-(Jialet irradiator : Functions in pasteurization =+ water
to reauce incidence o+ fungal pathogens.

{
I

T.4 . WGTEE/NUTRIENT  12 EL ItJEi3Y AFiiI 5ECD1JE~’Y’
-———- -- -- - —— - —- — - -—— -- - - -- —- -- ---- -—- ——- ——

.
- Circulating pumps : (primary and backup) Take nutrient 5crlutlcn

+rom the catchment  tank anti send to planks.
~ . – Sand Filter : Elimination of impuritie=  and salt= in the water
I Either stainless steel or polyethylene model is

required and should be su++lciently lar~e to

I filter water for all 3 Sreenhou=es.
- FS\JC t~iD1n9 and emitter lines : Dl+ferent requirement= for ~~FTI

and substrate systems. See next section.
- Drip emitter= (~ to 4 litreszhour) : Unf= Per Piant i= r=uired

for both peat bag and rockwool  systems.
– Recovery trough : Must be made of or lined with polyethylene

to eliminate potenti ai ph:ytoto::ic  effect=.
See de~crip~:ons at stat-t o+ thzs section.

- Storage tank : Recovery O+ used nutrient solution ~n an open
hydt-oponic =y~tem (awaiting removal by sewage
truck ) .#

I
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4.5 TECHNICAL SPECIFICATIONS AND
LAYOUT OF LIGHTING FIXTURES

The li~htinq requirement= +Ot’ the Greenhouses were WJOrked DUk
in cortsultaticn w~th F“L LIsht syszems Canada an= are summarized
belcw. The calculation o+ total required hours o+ liqhtinq can be
found in saction 5. Ee+er to Figures 15, 14, 15 and Tables 7, 8,
q snd ~C, an +allawing p%~~s for mors details regar:~ing sarup ann
speci+ica.tlons  0+ +i;<ture=.

TABLE 7 Specifications for lighting +ixtures  in greenhouse.

F’L-7EK) +ixtures @ 400 Watt= TOMATO CUCWIEER LETTUCE

Number o+ Rows
- ~ -. . . . . . . . . . . . . ., .4

Distance between Rows . . . . . . 10’ lij” l(j’

Distance between
fixtures in Row . . . . . . . . . . . . k85° ~.~!l 4’10”

Mean Light Intensity (+tcd). 624 ‘53{:) B-32

Uni+ctrmity  o+ Light. . . . . . . . . G4Z ~q;< -=. ,iidf.

Minimum mountinq  hei~nt
above crap ( feet j . . . . . . . . . . . ~ (j ,8 q : ~:j ,, 4 ‘ (j “

.

Number O+ Fixtures Required :

7,500 ft2 . . . . . . . . . . . . . . . . . . 48 24 as

10,000 ftz 63
--

. . . . . . . . . . . . . . . . . -’, -... 84

Note: Fixtures weigh 30 lbs each and are mounted on light steel
U–track with brackets and couplings. Eulbs have a li+e
expectancy of 5,(jOC) hrs.

- 48 -
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TABLE 8 Specifications (lightlevel and uniformity)
f o r  l i g h t i n g  fixtures in tomato g r e e n h o u s e .

P.L Light Systm Canada Inc.
CALCULATION !)f LIGHTL~EL ANfi WlfoRn;7Y

PROJECT FId;CuI/BIil  : Ha6i}] Lln~vgr~i~y  (~o~f3~0 ~~”~c )
Conflrjuratlon : FL-786/MWO (&4ZS~1 10.01)

nurnbcr: 61-03 ji:e: 04-~6-d6

Hst9M : 4.0’
CAlCLfLt4110N F!ELO

spacing of calculation points: in X d;rect:on
nusbw of cdculdt]on points: in X dlrectlon
lwel of czlculatlon plant
or~efstatlon of calculation plifit: horizontal

LUHI!MIRE5 ARMNGEHE!4T

lusinasr~s first Iwslnalre
n nuaber spacing (f! x ( f ) y (f) z (f!

!7 6,43 -19,28 5.00 4,(W
27 6,43 -19,28 1s,00 4.00
37 6.43 -19.28 -5.00 4.00

ILLUHfNANCE !ti THE CALVJLAllONFIRO  (Fcdj

1-
2-
3-
4-
5-
6-
7-
a-
9-
lo-
11-

3*

593.2

593.8

6S0,2

664.4

649.2

559.?

649.2

664.4

650.2
393.S

593,2

1.07’
1
0,00!

Irltermty
aatr;x

64C’903
840Y03
840903

!lluainancc:  Eain = S29,1 f{d EmlaK = 7C6,0Fcd

In Y dir?tt:on ICuo’
in V Cllrectlon 11

Iumnous lining ;figlps
flux (k:a) *ziauth inclinattcn  r6tatian

47,00 90.00 Ootr.l 0,00
47.00 50.00 0,00 0.00
47.00 90.00 0.00 0.OO

7+ “+,.

29.1
r*4-JAX.d
589,7
614,2
573,4
564,;
573.4
614,2
589.?
533.2
s29,1

EM : 524.1 rcd
Urxifort;ty: U6(Eain/tsaxl=  74,9 I UO(EairrKav)’ S4.8%

Eain s The mlnimuG lightlevel  in the field Eaax * The naximra  iightIevel  in the field
Eav = The average lightlewl of the Uhgle f!eld UG : The mim past aixioua vaiues
Uo = The D:maurn past average values  Qf the fipld ~r?al wutarnty !!J

lhis Coaputcr  calcuIat:on  nas ~een rndcle  vith oi-IF exact seasured reflector.
Becauw  of this there w1l 1 difference u]th this cc.a?uterc~lculat~cn
Md the values In pra(t!ce.
This because 01 : 6reerizouse c2nstructlonsf  Voltage loss, T.?sperture  M
aost iaoortant fackor the talerance ]n bulbs ma Oal]as: unl!s.
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TA13LE  9 S p e c i f i c a t i o n s  (lightlevel and uniformity)
for lighting fixtures in cucumber greenhouse.

P,L L;ght Syst?9~ [wda !nc,
~AL:U~~T:~N OF L!tiilTLIv[l  ANT) Jtiif~PttlTf

H!OJECT  p16700!/bill : fla611] ~nive~slty(~Uc~mb<~  l~~x=)
Configuration : PL-760/f1400  !6.36’I  10.0’)
tizigh~ : 4,(11

CNCU(.ATION fIILO

spacing 0{ Cdculatlon points: in I direct)on
nuaber of calculatloo poiats: in 1 dirutioo
1avel of calculation plane ,
orientation of (alcula&ion  pl~ne: horlzont~l

LUHINAIRES AERAN6EREN1

lusinalres first Iumfialre
I n “number spacing (fj !(f) y(f) I (f)

f
11 6,36 -19.08 5*OO 4.00
2 ? 6.36 -19,08 15.00 4,00

r 3 1 6.36 -19.08 -5,00 4.60

I ILLU?fINANCE IN 7KE CAL13.MTION FIELD ifcdj

[
I 1-

1-
1 3-

4-
<..
6-
1-
0-
9-
lo-
11-

1*

533.3
537,9
554,1

618.1
177.2
56s,1
577.2
61E.!
594#1
537.9
523,3

2s 3+

546,$ 600.0
540.9 600,8
616.1 6S8,1
678,3 673.4
662.6 6S8.6
551.: 669.5
662,5 65E.6
670.3 673.4
616.1 bM,l
548,0 6oo.a
:46.0 600,0

-5}

600.0
6~~,8

6s8s:
673.4
658,5
663,4
6X,5
k73,4
6S8.1
6uiJ.H
600,13

1,06’ In Y direction 1,00’
7 in Y dirtction  11
o,oo~

intensity luBincu5
fiatrlx

a40903
$W302
940903

64
:4589
547.:
6[6.3
678.1
662.5
651,2
661,!
673.1
6!5,b
:41,9
545.9

flux iklt)

i7.O@
4i,00
47*OO ,

h;
1+

S32.1
~T,~
393,7
517,9
:77,0
:E7.9
577,0
K17,3
y3,9
537,7
533*1

almfrg wg)es
a;lauth lncl]nat;on rotation

90,00 0.00 0.00
90.00 0,00 0,00
90,00 0.OO 0.00.

Eav = 630.3 ~cri



TABLE 10 Specifications (lightlevel  and U131fOrmlty)

for lighting fixtures in lettuce greenhouse.

Height : 4,0’
CALWLATI(JN f!ELO

spacing  of calculation points: in I direction
nuabw of calculation ftolnts: In X dir?ction
level of calculation plane
orientation of calculd~on plm; horizontal

LUHINAIRES  ARRANG[!IENT

Iurninaires first Iuainaire
n  rtuaber spacing (f! x (1) y (f) 2 (II

1 7 4.82 -14.46 5.00 4,00
~ 1 4,82 -14,46 15.00 ~,oo
37 4.02 -14.46 -5!00 4,00

0.961 in Y direction
6 in Y direc!:on
0,00’

lntenslty Iucllws
satr;x flux (KIFI!

e40902 47.(KI
%40903 41.00
840903 47,00

. .

iLLLI141MIKE IN THE CALCULAT1014flELD  (fed)

1-
2-
3-
4-
5-
&-
7-
B-
9-

lo-
11-

1*
~~~,~

712.?
773.4
7e9,4
752.4
7:9,7
751.4
789,4
?13,4
712.9
719,4

lllumnanct:  Eain = 712.3 ;ci

4*

806.3
G03.7
855,9

331s6
895*9
9&7
py.j
531.5
853,8
S03.7
806.3

54
?37,4
744,3
821,1
933.6
8E2.5
565.0
862.4
:53,5
821.2
744.3
731,.4

6*
71a.8
71L3
772.0
186,7
751,8
733.!
?:1.8
7b8,?
172,9
712.3
718,a

I.utll
II

Jiainq ang!e5
izlauth inclination rotation

go,~o 0,00 0.00
90.00 O.JO 0.00
90,20 O.oil O.otl

Ilniforsity: U6(Ern~n/Elax)= 76,4 1 UO(Esin/Eiv)=  8$,6Z

Ernin = The mnimus Iightlrvel in the field E#ax = The aaxim lightiwel  :n the fl?ld
Eav = The average I]ghi!evel o; the ~hole ‘l?ld UE s lhr ain;sufi pas; ~a)l~u! ~alues
L!o = The sII!lmn pa5t lvera;? ~dlues O( the !ield (reai Unlforfuty ‘!)

~h15 coBput@r ~~l(~l~t]on  has >?M sid~ w!h one  asact sea5iIre0 r?f]ec!:r.
kcausa of this there VIII a d: f!srence =i!h this coqutercal:uiatlon
and th@ values in practice,
This because of : 6reecnouse  cocstructloo5, Vcltace loss, ?eaorrture and
SOS; iaportant factor !he tolerance in bu!bs and halldst unit;.

=--.-, -
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4.6 OPTIONGL  OUTDOOR GREENHOUSE
DESIGNS AND SETUP

~u~door cul~ivatlon ~~n ~S ~a.=ily undertaken using Ioca.i sail
resources and simple plastlc ccver-ed G!Ltansat-r$/Fe  ~reenfiou=es.
Sc)ms simple moaels are available  +?som Har-cois Ltd. a+ Plcnrreai.
“13valtech”,  “F’lastigro” and “Econoshelter” are among rhe most
popular models used in Quebec. See Figure 10. The structur&s have
pa~siv~ v=n~~~at~nn ~fi;.c~qh gaais srla >JLnClfJWS  anc side VWIk5 if
necessat-y.  ~ small oil +lrsd hearer may be considered to prolong
the season by protecting plants +r-om nignt +rost in spring and
fall.

Plants would be grown in local soil beds framed with plywood
sides. Eoth the initial construction and preparation of the beds
as well as the subsequent operation o+ the cjreennouse ars iak)aur
intensive and would pt-ovide an e:<celient employment and training
opportunity for high schooi stL~cients and harticuitural  trainees.
Seediinqs for the seascnal crops would be pre-germinat.sd  in the
propagation raom and set out once danger o+ +rost had passed. The
subsequent care, watering and harvest o+ croFs would be
undertaken by hirea helpers.

r

Local soil components which may be used include:

1. FINE SAND which may be found at the edges O+
lakes and river=:

T
A. C)liGAFJIC FE9T (partly decomposed) which occur-s

where the Cunar.a ha= been dis~ut-bed

a s  well a= kne =d~es o f  r i v e r s  mti
streams:

.

3. GKG~FII~ LFIKE which accumulate .alonq the edge= o+
SEE IMEFA7S lakes icom?ased o+ dead insect. fish

and plant matter) .

Local soil mixtures should be sifted to remove root=, larse rocks
and provided with a regular fertiiiz atian schedule to supply
plant nutrient requirements.

54 -
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SECTICIN 5

TEMF’EF(aTU~E, LIGHTING LiPJ13 OTHE13
CLILTUfML F(EQLJIREMENTS FOR FKODUCTIOt’1

In this sectiun, the hydroponic culture of the inree seiected
v~~etabl~s will be brie+ly  discussed particuldriy  with respect to
mechanical and structural requirements (temperatures, 1 ight ing
c02 Generation). Detailed descriptions o+ growing conditions,
recommended procedures and practices will not be described in
this report, but suitable reference material and sources are
recommended in (lppendix A and E.

5.1 PROPAGATION OF PLANTS

(n
1 — 7 A number o+ methods are avaialble for initiating plant

1 seedlings in soiliess  culture. Generally, crops to be grown in
inert substances should be initiated in similar materials. For

I plants ~rowing in rockwool, smaller “germination cubes” at-e
available. Fiockwool cubes and similar “Oasis Horticubes”  are also

I utilized to start seedlinqs  for NFT culture. Flants gruwn in bag
culture may be initiated in many media lnciudlng  Jl++y peat
p e l l e t s , p~at-lit=  mixes! rnckwoal cubes and vermiculite.

The germination medis is well s=.turated betcre piantinq out
seed and bottom heating is gerteraily Llserj to main~.ain  cri~icai
temper-atut.~s required for ~3ermlnatiinn. A+ker .qerminaticn~
se~dlings are grown under artificial lights wltn +requent
irrigation to prevenr them from dt>:~ln9 out. once su++icient r’oot
production has occurred, the seedlings may be ==c uuc in the NFT
gutters, peat bags or rockwool cubes..

Since the germination and growth of seedlings and young
plants may extend to 12 weeks for tomato and cucumber, and since
space and lighting requirements are much lower than +or mature
plant=, this phase o+ growth may be carried out in a separate
“prupaqation area” with artificial lighting. L=ttuce seedlings
spend only a short period under simiiar conditions betore being
set out inta NFT gullies.



I

It is recommended that the design of the greenhouses
incorporate a room +or the growth of seedlings an benches
supplied by bottom heating. Since IW% artificial illumination
will be used, sufficient heat may be generated by the lamps to
heat the air layer above the plants leaving only the root zone to
be considered. ~ number o+ systems are commercially available +ot-
this purpose inciuding  Vary Inaust:-ies’ SUG~ ZUNE tm systam which
pumps hat wa~~r ~~ra~gb ~ n~twct-k O+ ,-uaber c~pill~t-y tubing iaid
directly unaer the oenchtop.

i% es~imatecl 15(:! tn ~(l!:i +t~ O+ bench =c ace will be requi?~a
immec! lately +cr ~rowing  tamato piant=. This vaiue w3Ui0 increase
to aimost 503 ft~ i+ the greenhouse gruwing area were e::panded
from the present 4,000 to 10,000 + t2. Similarly, cucumber plants
would presently require 100 ft~ o+ bench space to grow young
plants, and eventually SW ft~ if expansion to a greenhouse area
of 10, OOO ft2 occurred. Lettuce seedlings require much less space
and the propagation area may be incorporated into the production
.~reenhouse since y,ear -rot.lnd  cperat ian is anticipated.

I

I

f

,

I

5 . 2 TEMPERATURE ANI) HUMIDITY
DURING CULTIVATION OF CROPS

The temperature and humidity requirements for the greenhouse
production o+ tomatoes and cucumbers are similar whether soil or
soil less culture i5 utilized. In soil less culture however, the
temperatures o+ the nutrient sclution and rcat zone are as
important as air temperatures in the greenhouse. In +actY recent
studies have C!e!nonstrated that nighttime air temperatures may be

‘o- be~ow d=vtiine 1~...el~ pt’OViding =<~lutionl~w=r=d as much as l~j t-
temperatures are heated (Muelier 195=). This result= in
considerable energ:~ savings to qraenhouse  operator=.

Qt pp=s=ntl  the optimum solution temperature recommended for
NFT and rockwool culture is between Z(j”and 25°C (Resh 1981). This ~
applies for all three crops and for all culture systems.. Air
temperatures are varied between the three crops and their stages
o+ development. The table  on the +ollcwing page summarizes
average temperatures used in the production o+ greenhouse craps.
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TABLE1l Temperatures recommended for the cultivation o+
lettuce, cucumber and tnmato

CROF GAY NIGHT

LETTUCE (=ibti) Cloudy days
Sunny days

TOMATO Eerminatian

Cold T~eatment
(Selected ~Jarieties)

Fruiting % Flowering
Cloudy days
Sunnay days

CUCUMBER Cloudy days
Sunny days

lz”c

17°c
15° - Zb”c

100- Iz”c

—> (++)NCITE : Night temperatures may be lowered as low as 5°C i$
solution temperature is warmed to 26°C (Mueller 19S2)

The orientation of the heating system in the greenhouse
should +O11OW the same layout as the plant rows. l-lot water pipes
are typicall~y placed adjacent to the cioubie rows 0+ plant= In a
tomata:cucumber  gr=enhause. This arr=n~em.mt  contributes to:

.

Increa=lng the root zme temperature
Improving heat distribution to plants
Improving air circulation around plants
Decreasing humidity in lower half of greenhouse

water may also be circulated through P’JC tubing placed
d i r e c t l y  u n d e r  r~ckwool s l a b s  o r  p e a t  bass to coniibute to e v e n
and ample heating o+ the root =on=- (not applicable for NF7) .



During the winter months, reduced ventilation to the outdoors
may result in poor circulation o+ greenhouse air and increased

levels of humidity. This may pose serious problems +or the crnp
if not cantroiled. Several options are available:

1. Installation  o+ an air to alt- heat exchanger  ma.Y r-eaLICe
humidlt:~ ievels sufficientl:~ and also ifitraauc= +r~sh
CC2 requlrea by Flantis f o r  pruluctinn.

?A. Installatlcn 0+ positive Pt-essur= fans to mix the air in
the grsennaus=.

3. Assuming surplus heat is availabie. initiate a simultaneous
heatinq and venting to “bUt-n of+” the azr and draw out
excess humidity.

I

I

1

I

I
I
I

I

I

I

I

I

5.3 co~ CONTROL AND ENHANCEMENT

Most commercial ve~etables grawers have some system to
increase ambient Carbon Dioxide levels inside the greenhouse.
COZ addition is particularly important during cold periods (such
as winter) when ventilators are closed. At these times, internal
C02 levels may drop to ~t~i~ ppm within cm= hour. Such low leveIs
of available gas seriousiy limit the crops ability to produce.
Optimal leveis o+ Production may be maintained if CCi2
concentrations 0+ close to 1L(3(2 ppm are sq=p lied by propane
burning genet-atars.

A nulmber o+ CGZ generators at-e av.allanle  cntmmercially,  0+
particular noteworthiness i= the newl:y lnttscduced  F’RIVA model
wnich calmes complete  with controller +ar accurate monitoring c+
amoien~ CG2 levels in the ~r=enhcuse.  C02 .qeneratot-s are
typically suspended  in the c e n t e r  o+ the ~r=enhouse f r o m
5tructural m e m b e r s .

— ..— .—



5.4 NUTRITION CIF SOILLESS CULTURE

The szngle most :mportant requirement for successful h:.Jdra-
panic c’uliure is crnp nu~riticn. Most c)+ the :n+crmatiort  uii i ized

b y c Omme ?-C i.31 n yd rap on 1 c g :-ewe t-s i n On tar i o has b sen a ev e 10P 4 a t
the G 1 a~shcuse CrOp S ~e=e~r.cn  anti  E;:per i men t Stat i on. iNaa i dw i j k.
i n the Netherlands. Compositions o+ essential eiemenks and basic
nut r i en t sa 1 LI k ions +or use in substrate cuiturs n+ tomato and
cucumber are weli documented  in tiin~ C1.M~F pUbiic~~lcn en ~ ~ * ~ +~~
“Ras ic tJu tr i t ion o+ Substra t= Cu 1 ture ” !+. A. S trsver and F. J.
Ing t-atta , Hart icu i tut-a 1 Research Inst i tute of Cn tar i o, “dine 1 and
Stat ion, On tar io.

The most common met hod for f eea in!g p 1 an ts is the “camp 1 e t e
method” where all the essential elements are provided on a daily
basis in a dilute solution along with the plants water. This
method utiiizes tne equipment described in the previous  =ection
and permits the grower to aa just nutt-ient level= on a daiiy level
accot-ding to stage o+ develnprnent and e::ternai w=.ther
cond i t i ons.

One o+ the primary requirements of hydroponic cLllture is tnat

the irrigation water be of suitable quality. A water analysis is
an important +irst step in determining the feasibility o+ the
operation. The electrical conductivity (ECj is the most important
criterion for determining water quality. It is generally accepted
that an EC o+ 0.5 m5/cm is ideal +or hydroponic cultut-e while
levels 0+ up to 1.13 m~r’cm are acceptable providing certain
adjustments ars made to the nutient solutions. in addition to EC
levels, the presence of high concentrations of sodium (r’la+  ~ .Z1lj

ppm) or Chlorine (Cl ;’ a~> ppm) may render the water unacceptable

for sLtcce5s+ul culture.

~~~etj ~n hhe resuita 0+ the preliminary watar- test, t~~
nut r i en k soiutio,n 1= sdjustsd to compansat2  f o r -  ae+iciencies Or
e:<cesses i n  the wd%ei- status. U~~t-5 have the option o+ p~icha=inq
individual chemical= and mi::ing tlneir own =onc=nt:. ated stoc~:s or
altet-nately, buying “ready -to-uz~” concentrated mi::=s -
Hydrogardens Inc o+ Colorado Springs? CO, suppiies several kinds
of “CHEM-ERO” tm liquid fertilizers s p e c i f i c a l l y  designed +or
tomato, cucumber or lettuce culture. In Canada? Canadian
Hydro5ardens Ltd also provides a wid= assortment o+ single
element or- blended fertilizer’s to growers and as a bonus?
prnvides free horticultural consultation and reduced rate water
and tissue analysis to users o+ it= Products.

- ’51 -
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In addition to the regular feeding of the crcp, periodic
adjustments to the nutrient solution must be made on che basis
0+:

Regu 1 a r t is=ue anti water samF i= dnai ysi= ser+crmed  at a
Feud 1 abora tory ( saver-a i are a%’a 11 ab i e i n sou zmsrn M tar-~=:

—zThese anaiys$s must be p er+armed w 1 tn i n 24-45 n rs D+ tak 1 ng
the samp 1 e and w i 11 have to be sen t b y courr 1 er set-vice.
The resu 1 ts O+ the samp 1 e should be d i scus~ed w I th a
qual i f i ed hort i CU1 tura 1 ist. This service is a 1 sir avai 1 ah le
f ram severa 1 consu 1 t i ng agencies inc lud i nq (2mdd i an
H yd ro~araens.

Mater vc 1 ume o+ the c iGsed system can be e=t i mated at
ap p r-o;.: 1 ma  k = 1 y z:], (l)(l~(lj 11 t r-es i’ dc r-e 0 + Al 1 Zn an 1 y 15X - 20Z i 3
main ia 1,ned i <n the catch men t tan k. The cd i 1 y makeup a+ W= ier is
es ~ i ma t ed a t app ro:: i ma te 1 y 2 1 i t res / p i an t / d a y for a mature c t“cp .

1+ an open sy=tem is used, water requ i rements wi 11 be
cans i det-ab L y increased and the p rob 1 em o + water remova 1 w i 11 have
to be consi i dered.

5.5 SUF’PLEMENT9RY LIGHTING
OF CROP PLANTS

TOMATO . . . . . 14 hrs
CUCUt’l13ER . . . 17 hrs
LETTUCE . . . . 16 hrs

Dur i rrq the summer and sprinq months, plant= will benefit from
sufficient natural light and will not re~uire supplementary
lighting. In +act, both cucumber and lettuce can be e::pected to
grow well under the 24 hr photopericd  o+ the arctic summer day.
Tcmatoes m a y  requir= a  s h o r t  periad O+ ddrl:r~ess (d= li~%le d= q
,~rs) par~icul,~riv  when ~~=y are yOuflg pian t=. It may tnere+ore  be
necessary ta pro~ide “black-out” curtains to the proposed tomato
house to impr-ove qrowth.
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During the fall and winter months, s u p p l e m e n t a r y  l i g h t i n g
w i l l  play a n  i n t e g r a l  r o l e  i n  providing the necessary li~bt to
qrowin~ piants. The +ollowinq ta~ies summarize t h e  daily a n d
m o n t h l y  h o u r s  o f  a r t i f i c i a l  li~ghting ti~at will be requit-ed +or
e~~h cr~p.

TOMATO t 14 HOUR PHOTOF’ERIOD REQUIRED 1

MA-Y TO ;> 16 hrs no SUppiementdt-y
GuEUST liqhtimq required

(+) Euring these winter months, the natural light intensit:< may
nnt be su++iciently  strunq to maintain high production levels
and +or this reason, a 257. increase in hours a+ supplementary
hnurs will be incorporated in the estimates.
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TABLE 13 M o n t h l y  h o u r - s  o f supplementary li~htin~ requirea
f o r  prcductlan O+ cucumber in I-qaluit.

JANUARY
FEBRUARY
MARCH
WRIL

6 hrs (*)
S hrs (*)

1 2 hrs
14 hrs

> 10 hrs

14 hrs 4S4 hrs
11 hrs ~c)a hrs
5 hrs 155 hrs
3 hrs 9{:) ~rs

n a sup p i emen t a r y
1 i gh t i ng requ i red

r.

I
TOTAL HOUF:S OF SUF’F’LEMENT(WY LIEHTII’lG
REGIUIRED FOR :

8 Mt3PlTH G50W1NG SEASGN (MAR-CKT) = 012 h t-s

/
12 MQNTH ~RQw ING SEA~QN . . . . . . . . . = 2, 2Z7 hrs

- k4 -
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TABLE 14 Monthly h o u r s  o+ s u p p l e m e n t a r y  iiqnting r e q u i r e d
far production of lettuce in Iqaiuit.

JANUARY
FEEIKLI(XY
MARCH
AF’Fi IL

MAY T(3
AUGUST

6 hrs (*)
8 hrs (x)

12 hrs
14 hrs

12 i-lrs
1 (j ht-s
o hrs (*)
5 hrs (*>

no 51.i.  Pp i emen t at-y
1 i gh t i ng r-=qu i red

TUTAL HOURS OF SUF’F’LEMENTARY LIGHTING
REWIRED FOR :

8 MONTH GROWING SEASOI’4  (MAR-CXT ) = 490 hrs
12 MQNTH GEOWINE SE&SC)N . . . . . . . . . = 1, 997 nrs

——-
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5.& VARIETIES RECOMMENDED FOR SOILLESS CULTURE

An increasing number c+ tamaro kar-zeties  are being deveiaped
for hydropanlc  culturs. V!cst varxstie= are seiected  +Ur
r~si~tance ka the majot+ diseases (tabacca m o s a i c  v i r u s  (TMV),
leaf moid (caus~d D:< L1.adosgo,-i  u=! YuivuzJ  Cke.!?  +tisarl:~m, a n d
ver-ticilliuin) The +ollowing varieties are soccl scartzng pcint=
for the northern gt-ower:

1. VENDOR 5 . EOtli51T0
2. TROF’IC &. LAURA
~- CGRUSO 7 . FERFECTO
4. JUMHC)

Eurcpean cucumbers are the mast cammon ;,arieties grown i n
greenhouses. selection O+ varieries resis~an~ to powdery  milaew
is recommended. Some of the varietie=  available +ur hydroponic
culture are :

1. CORONA 4. FIEELID Ii’lF’ROVEi3
-L. TOE+W 5. F’ROFITA
-a. FARBIO 6 . MGRILLCJ

E:ibb le?tuce is the most success+ui  Under’ h;’cr’~pcnic
c u l t i v a t i o n .  Wnen selecting poten:ial var:etles~ i=ok +or
re=istancs t o  tip-bu+n, b o l t i n g  a n d  cat-h:y r~or. The +ollawinq
vat-ietxas are available:

1. OSTINATA ( S u m m e r  F’ruducticm)
~. SALINAS (Spring and summer)
3. RAVEL (Winter production}
4. MONTELLO

Looselea+  vat-ieties are also available. These include:
,



I

I

I

5.7 PRODUCTION SCHEDULES

TOMRTO AND CUCUMEIER

( A ) 8 MONTH SEASON / S I NGLE F’LANT I I’!G

December

January
February

March to
OC taber

Navemo e r

:

:

:

:

Germ i nat 1 on and Growth o+ Sesd i i nq~
4 t a & weeks E F’t-apaqa t i on Room 3
( 100;; art i f ic i a 1 i 1 i umi nat ion)

Growth of transp 1 an t= . .
8 weeks c Propagation Room 3
( l(j{j%  at-t i + IC idl i 1 luminat ion )

Crnp Gutput (Total 32 weeks)
(F’r i mar i 1 y natura 1 1 i qh t w i th supp 1 emen ta 1
1 i ~h t i ng dur inq tlat-=n anti SeF 7 emb  er: C)c tOO et’ )

~ 1 Pan Up o + q reenh au= e an c1 F rep a r .a ~ i ,3n + o t’ :

1. Pie-:: t Erjp ~e.ascn  (~ec=moer )

Z. C)verw i n ter lng 0+ Gr.=enfiOLiSe ( ~fec-~eb )

. .

—
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(H) 12 MONTH SEASON / MULTIPLE F’LANTING5

Month 4 : P 1 an t out in g reennouse and g raw/ harvest
to (total time in greenhouse = 4 months)

Month 7

JAN FEB MAF: W%’ MAY .JUN JdL W= 5EF’ OCT NCI(J CIEC

Plants are qrown in alternating rows in the greenhouse? so
that as one plant reaches maturity, the ne::t cycle is planted
alongside ensuring maximal’ space utilization  and even production
+rom all parts o+ the greenhouse.

Lettuca olanzs may be harvested and pian ted uuz in a
continuous cycle tiep~ndinq on ~he wee~:l:~ mar~.a~ demand. A t-eqular’

p r o c e s s  0+ c h a n n e l r o t a t i o n  w i l l  b e  estdbii=he~ a+ter the length
0+ the crop growin:3 period is es~~~ii~hed. GS ~ach r@w i s

harvested from one end of the continuous
an equal amount of rows (with seedlings)
other end of the conveyor.

conveyor (see Figure 2),
may be added to the

1. HARVEST OF MATURE + 4. F’KOEUCTIUN TIME ~ 3. SZl141NG OF NEW
LETTUCE F’L#W4TS OF 8 biEEES SEEDLINGS IN

L

CHANNELS
--. CLEAiiING ANi) STERILIZIi’~G

OF CHANNELS LIBERATED



SECTION 6

CAPITAL AND ANNUAL OF’ERATING COSTS FOR
DIFFERENT PRODUCTION SCENARIOS

In this sactlon, the ca~itai c~sts 0+ the varinus growing
systems and greenhouse size optiuns wiil be estimated as well as
the potential annual operating cost= for each scenario.

6.1 CAPITAL COSTS

Capital casts will be divided into two components:

(A) BASE CGSTS which are required for each individual
gre~nhou=~ r~qardless  a+ scale (up to lt>,~]fi~ ft~).
T’nese include the controllers, nutrient injection
system and storage tanks.

(B) AREA COSTS which are computed on a square foot basis
and will be directly proportional to the scale of the
greenhouse growing sur+ace.

The tables on the following pages will Sumrnarlze  the capital
costs for:

The cropping area (ft2) o+ the three greenhouse size options
presented in this section are as follows :

TOT~L AREA OF
GREENHOUSE TOMATO CUCUF1!3EF. LETTUCE

NOTE: E s t i m a t e s  d o  n o t  i n c l u d e  i n s t a l l a t i o n  coscs o f  t h e  grnwinq
a n d  li~htiinq systems.

- 09 -
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TABLE 13. Capital costs for NFT hydroponic systems
in Iqaluit ~reenhouse. (Closed System)

NFT ii’Y’13RGPGi’JIC  CULTURE
TOMATO CUCUNEER LETTUCE

5A5E COSTS ((3} all greenhouse =Izes UP to IG?GGG +i2/cruP )

bJutrient Mixing and
Injection System (1) &,275 0,275 Q,275
Main Reservoir (500 gal) 890 89Q 890
Nutrient Concentrate
Tanks (2 x 30G gal} 1,2(X) l,~!j~ I,z(j(]
pH and EC Meters (21 ~~G 233 233
Propagation Room 4,[jG0 2,(x@ ---

5’nipping Charges (21 :,, GGG ~,(>~~j
3:000

TUTAL BASE CAF’ITAL CCIST . . . . . 15T!5?5 13,5?5 11.5?5

AREA COSTS (S/ft2)

- Nutrient Delivery
System O*G8 C).C)8 (:).1>s

- Plant Support and Nutrient
Recovery  S y s t e m l.ijs 1.G3 1.35

- Shipping Charges [j.75 (3.75 (:).75

TOTAL C9F’ITGL COST FOR
NFT GREENHOUSE

7,500 +tz’ --- ~1,~~~ 16,415 18,1X5
(%/+t2) 7.G~ IG.’?4 6.05

I
10,00(>” +tz . . . 223, 11s 17,355 2(:),2 15

(s/ft2) 5.78 8.68 5.08

(*) See explanatory notes on page 73.

-.,
/ { J  -
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TABLE 16 Capital costs for peat bag or rockwool
culture in Iqaluit greenhouse. (Closed System)

FEAT EAG i RKKXXlOL CULTURE
(CLOSSD SYSTEM) TOtlATO CL!iXIt?3EFi

Nutriant Mixing and
Injection System (t) 8Y 275 by27!3
M a i n  R e s e r v o i r  (S00 gal) 80~ 87(j
N u t r i e n t  C o n c e n t r a t e
Tanks {2 x 500 gal) 1,20(3 1,200
pi-i and EC Meters (2) 23(:I ~~,q

Propagation Room 4,(:) {:)(3 ~,[:j(]~

Shipping Charges (3) ~,(jiji> S,ij(j(:j

TOTAL EASE CAF’ITAL COST . . . . . 15,575 1s,595

AREA COSTS (%/ft2)

- Nutrient Delivery
System C).4ij 0.40

- F’lant Support and Nutrient
Recovery System 1.05 1.05

- Shipping Charges ~.~~ 0.75

TOTAL CAF’ITGL COST FOR F’EAT
BAG / ROCKWOOL GREENHOUSE

7,500 +t2 . . . ~~, fq5 16,s95
(s/ft2) 7.40 11.26

3(3, (>0(:1 +%2 . . . S7,595 55.5?5
(5/ft2) ~.~o S.50

( * ) See e~Plan~torY notes on page 73.

– 71 -
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TABLE 17 C a p i t a l  c o s t s  f o r  p e a t  bag or rockwool
culture in Iqaluit greenhouse. (Open System)

F’EAT BAG / ROCKMCJOL CULTLiF.E
(OF”EN SYSTEM) TOIW+TO ~lJ(-Jq~~fi

EASE COSTS ((S) all greenhouse sises  up ta IG, CK@  +t~.’crcp

Nutrienk  Mi:<in~ and
I n j e c t i o n  S y s t e m  (1) &,z75 6F~~~

M a i n  R e s e r v o i r  (3Y3 ~al) ~~(j ~5i2

N u t r i e n t  Ccmcentrate
Tanks (2 x 300 gal) I,zc)[j 1,200
Discarded  So lu t ion
H o l d i n g  Tank (lXKI gal) (4) 7S0 7stj
pH and EC Meters (22) 23(-j 2Z(3
FroPaqation  Room 4,1j(jij Z,{:)tj(j
Shipping Chargss (3) 4 * (>{],:) 4, ij~jl>

AREA COSTS (S/ft2)

- Nutrient Delivery
System ij.~ij G.40

- Plant Support and Nutrient
Recovery System 1.05 I.(js

- Shipping Charges 0. 7.5 fj.75

TOTAL CAF’ITAL COST FOR F’EAT
BAG / ROCWJOOL GREENHOUSE

ii>, [j(j(j +tz . . . 26,145 15’,74s
(5/’ft2) 6.54 ‘?.87

(*) See explanatory notes on pa~e 73.
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NOTES for Tables 15, 16 and 17

(1) Nutr ient  mi:<ers  and inject ian systems are designed to allow
+ u t u ?“9 expansion to 10.MjO +LZ 0+ qrcwinq area per ct-op.
(~enCe the e~tima~es +OP ma:: imum sizs o+ ~lj?(]tj~> ;~~~

(2) These meters are used interchangeably +ar ail tnree crups and

kJiil be split S ways (Total Ccst 5 o=”d )

(3) The complete package for a 10, UOO +tz greenhouse can be
accommodated in one 2> foot container. The tanks will have to
be shipped separately.

Local materials may be substituted +nt- sever-al a+ the
required items:

Local storage or septic tank= may be substituted  far
mixing reservoi r-s and smaller tanks cculd replace
nutrient concentrate containers.

The trauqh support system required for the culture o+

NFT lettuce may be produced from locally available
materials. Troughs however should be purchased from a
s u p p l i e r .

For tomatoes and” cucumbers? a support system similat-
to the one described in Section 4 may also be
c o n s t r u c t e d  f r o m  l o c a l  m a t e r i a l s .

No cost= have been prnvicied +cr the iMaln =.eservnir  nsa.tin~
system (Stainiess coils and trierrnostat contt-ni). Aiso an
Ultra-Viole% wat=r ~terillzing  unit may be required ta kill
micro-organisms (estimated 5 2?500 \ crop).

TAEILE 17 : The cost of the holding tank required for an open
system is split evenly between the tomato and
cucumber crops. ~dditlonal Shipping costs of S

l,(](jo have also been estimated for this
requirement.

I

I
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TA)3LE 19 Combined capital costs far di++erent greenhouse
size options. (Total o+ growing system and C02/
lightinq  system costs.

TOMATO/CIJCUMBER in 95,550 l[>q,a(j~  2 2 2  Y52tj
PEAT/ROCKWOOL  CLOSED SYSTEM
LETTUCE in NFT SYSTEM 12!.74/+t2 IC1.?9/+tz 7.42/+t 2

TCIMATO/Cl_lCUMBER  in v~,!jso ll~q~ij~ ~~~yi.:j~f:)

PEAT/ROCtWGOL  OF-EN SYSTEM
L~TTULE in NFT SYSTE]~ 1 3.21/+t2 11.3G/+t 2 7.5z/+t2

As Table 19 illustrates, the capital costs per unit area
(3/ft2 growing area) decrease dramatically as the scale of the
greenhouse increases. This is due to the large base investment in
equipment required of all .greenhcuses regardless o+ size. The
best economy in this case would be a Z0,<MM3 ft~ greenhouse.
Currently in Ontario, it costs between 5 5.C}0 and $ 6.00 /ft2 to
out+it an existing greenhouse with NFT growing systems and
a r t i f i c i a l  liqhtin~. T h i s  compares +avour-abiy w i t h  cur estimate
o+ 3  7.301ft2 f o r  a  n o r t h e r n  g r e e n h o u s e  ot 30,000 +t~ and
s o m e w h a t  l e s s  +av~urably to weratzons mf a  smalier =cale
(* 11.tjCj/+t~ +,>F- l(j, ij(jij +tz o+ ~rctwln~ at-ea}

.

~evet-al options are pt-esent to reauce cne capitai costs 0+

the propused greenhouse. (1} the costs wouid be decreased further
if only one crop were being grown (reduced base capital
investment) instead o+ the praposed three crops. (2) Another
alternative to reducing the costs would be to reduce the
complement o+ artificial lignt +ixtures and operate only on an 8
month schedule with maximal L(se of availabie lighting. This

option would reduce capital costs by as much as 5Zi: to 450%.

All three growing system options have similar - capital cost=

with NFT systems being the l=ast costi~ and peat or- rockwool open

system being the most expensive.  We cannot there+ore use the
differences in capital costs as a means of selecting a preferred
system. Selection will rather be made on the basis of annual
O p e r a t i n g  casts and  system  s u i t a b i l i t y  t o  n o r t h e r n  c o n d i t i o n s .

I
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6.2 ANNUAL OPERATING CCISTS

The major  component= 0+ the annuai operatinq cost= are as

f o l l o w s :

1.
7-.
~.

4.

LABGL!K’ GNi2 MANAGEMENT
GRCiWING SUPFLIES AND EGUIP1’+ZNT
ELECTRIC F’OWER
MATER

Each of the above components will be estimated in the
+ollowing tables.

LA13@UR AND N(WH3EMENT
1

I

The aperation of a greenhouse require= a quali+ied
horticulturalist  and depending on the Srowins area, a numb=’ of

full and part time assistants. The exact salary t-equirements
cannot be propet-ly assessed at this time! but the +oilawing
estimates will be used: (It is assumed that the horticulturalist 7
will be employed on a shared basis with some other enterprise) ,

HOETICULTLJRALIST

.)

TOTAL UF ONE //”. . . . .
PART-TIME HELP MAN-YEAR

,/
. . . . . . .

TOTAL LABOUE COSTS . . . . . s 45, W0 / ANNUM
I

[.

r

I+ we divide t h e s e  +iqut-es in direct proportion tn the

gt’owinq  area occup:e-d by each o+ tne tfir~~ ‘=Se*abi==o  ‘e arrl”=
at the +ollowlng  annual labour CD5tSlCroP :

TOMATO . . . . . . . . 40Z . . . . $ IE1,000
CUCUMBER . . . . . . 20% ...- 3 9,0@3

LETTUCE . . . . . . . 40% .=.= $ 18,(~(~~)

The actual workload within the greenhouse will largely’ be

concentrated on the tomato and cucumber crnps which are labour
intensive and require constant pruning and training along
supporting wires. In the lettuce house! 1==s manPow~r is ~
required, chieflY  t. set oI_l~ seedlings and harvest pldiltS.

70 -



GROW ING SUF’PLIES AND EQUIFMENT

,[

1

The primary components of annual SUPPIY costs are the growing
medium (peat, rockwool, plastic grcr-tubej, +e r t i 1 i zsrs / chem i c a 1s
and the shipping cttarges associated witn delivering them to the
nnrtti. A number o f  assumptions
v a l u e s .
(1) The 8 month growing season

of tomato and cucumber and
~ plantings.

(2) Lettuce would complete 0 . 5

were made when calculating these

would have a totai o+ 2 pi.antings
year-round production would. have

cycles at 4,CC0 plants$~cycis.
(S1 1+ peat baqs or rnckwool  wet-e us~ds the mealum w~u~d OnlY be

replaced once over the year (regardless of seasnn length).

In the case of peat bag culture, a separate price option was
calculated for the use o+ local as well as imported medium. It is
however important to note that the cost o+ collecting,
transporting and pt-ocessing local SOI1 is not included and
be added to the estimzte.

TAELE 20 Annual costs +or growing suppiies  in greenhouse

[Al 8 MCINTH OFEiWTIGN  ($/year)

must

TOMQTO CUCUMEER LETTUCE TOTAL
7,500 ft2

NFT l~oEld 465 Z55 ~,~ii~

FEAT HAG (IMPORTED) ~,c~(j 1,205 “ (*) 4. .56(:1

F“E.AT EAE (LCICAL) (%) 1,Z35 ~iji:i ,* (*) 1,9?1:)

.
FiC)CKk400L ~.q~ij ~:!:; “ (*) 3? 015

10,[>(]0 ft2

NFT ~?~l{~ 620 475 3,3(35

PEAT BAG (IMF’ORTED) ~,C~(j 1,685 “ (+) 6,(>8(>

FEAT EGG (LOCAL)(#) . 1,63> 5Z(j “ (+) 2*655

RC)CKWGOL ~.~~[j 1,110 “ (*j 4,Ei25

(#) E;:cludinq cost of peat collection? transport and preparation.
(*) Lettuce 1s in all cases grown on NFT ~rawinq SY=t=rn-
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EH 1 12 MUNTH L) F’ERAT I CiN ( S/year)

r

I

f

id FT

PEAT WG ( IMPORTED)

a153

1, 4eo “ (*) 5, 5s0

PEAT ~fiG (LDCAL) (#) 1,855 6G0 “ (*) 2, 98S

ROCKWGOL “ (*) 4,550

ROCKWUOL

(#) Excluding cost of peat collection, tran=port ana p=paratian-
(*) Lettucs is in all cases grown on FFT .growlng system.

i

I



ELECTRIC POWER

The cost of power is calculated soiely using the pnwer
ratings  n+ the H12 llghts in the three greenhouse rooms. Same
other sources o+ pmwer inciudinq pumps and miscailaneous
e q u i p m e n t  will not be incluaed in this tabie. The cast i=
determined by:

TAELE 21 A n n u a l  c o s t  o f  e l e c t r i c a l  power fcr li~htimq

/

70 —
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WATER

The consumption o+ water by the plants is di++icult ta
es t i ma ta. Accordinq  to Dr. Cooper, a mature crap c+ tcmatoes
growing in closad NFT culture consumes an average 0+ Z litres/
plant/’ da:<. In k;he +nllcwinq table, this vaiue will de used to
estimate dnnual requirements. A value 0+ 0.2 litresi plantl” day
will be used for the lettuce crop. The costs. wiil be “split
a~ct~rding to the r~iative  Comsurnptlom  O+ water by each crop. /

Fct- tn= defermln~=lon  O+ CC5k5 ar,g re~u:red  voiurnes in an
open hydroponic system. tne VdiUE5 0+ the C1OS=U s}stem will be
tripled. (This is a conservative estimate and will need ta be
assessed more thoroughly when final desi~ns are made)

T+~L~ ~~ Annual volume (gal ions) o+ water required
for closed hydroponic system. /

[Al VGLUME W WATER fgailons)

7,500 +t2 TOMATO CUCUPIHER LETTUCE TOTAL

NUMBER OF PLANTS 000 107 ~,(j(j~J --—

NLIMEER  OF F’LANTS 800 .-.-1=+- 4, (:](:)(> --—

8 MONTHS 98,(>00 27,000 49,00(3 174,2(:)(>

12 PIONTHS 146, 0(30 4(j, 50(2 73, (j(x) 239,500

NOTE : Fur e=tlmates o+ open system volumes, multi Fly the
estimates above by a factor of S.

-
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TABLE 25 Annual cost of water in closed and open systems.
(a=suming water volume of open system = Z :: closed
system)

8 MONTHS 1,200  “

12 MONTHS 975 S(j(] 525 1,800

8 MONTHS

12 MONTHS S, .Z(](j 9@j 525 (+) 4,725

l(j, ij(j(] +t2

0 MQNTHS 2, g(j(j ~ij~ Qs(j  (*) 4, (]5(:)

12 MONTHS 4 ~ ~(j(:) 1, ~(>(j 075 (*) 0, 075

(*) Estimates are for lettuce ~r-own an iWT closed system

– 21 -



TABLE  24 Total annual operating costs (horticultural and
lighting) for di++erent ~reenhouse scanarius.

LETTUCE NFT
TC)M/CUC FEAT 5B,5A0 85,75(> 6~,ij@~j T~.&i>~

CLOSED SYSTEM 7.=1 11.4s 6.Z1 ?.96

It is apparent from the figures in Table 24 that there is nn
significant difference in operating costs between the Srawing
systems examined (7% between NFT and open peat bag systems). A
si~ni+icant incrsase  in operating costs is however incurr=d when
the growinq season is increased +rom S to 12 months (+rom 50.% to
6(3Z increase).  This is largely due to the high lighting (and
energy) r~quir-=m=nts 0+ the winter season (see Taaie 21).



The +ollowing two options will be used to assess the
potential rerurns  from a northern greenhouse. Other cptions  may
be alsu be evaluated using figures presented in Taole 24.

LETTUCE 12 MONTHS &Q,~~f> 77, a65
TOM/CUC  8 MONTHS G 7E!..- 7.79

(B) POTENTIAL F’FJ)DUCTION RETURNS

.
- – – - – - - – – - (  s 14.s6 +t2 ) - - - - - - - - - -

LETTUCE 12. MONTHS (19,500 hd @ Z.i3A) (2a~CJO0 hd @ 3.SS)
TOMQTO 12 MCINTHS t19,50(:j lb @ 2.14) (20, (X)(> lb @ 2.14)
CUCUMBER 12 MCIF4THS ( 12, OW lb @ 1.40) (16,000 lb Q 1.40)

TOTAL F’F.GJECTEI) RETURN : % 153, S00 $ 178,4 (:!(3

-- —-—-—--- ( % 17.94 +tz ) ----------

See T a b l e  4 +or targat y i e l d s  a n d  Table 2 +Or mark:et value ( S / l b )

-  1+ seediess cucumoet-s a r e  Srown (E! 4.0S lb)! total r-etiur-ns a=
increased by la;: to 24X depending  on option select ea.



(C) COST / BENEFIT SUMMARY

SCENARIO B RETURN 17.84 +t2 17.94 + t2

— 7 CN=”- CGST 11 .1.5 +tz O. 5a f t2
LETTUCE 12 NGNTHS OF
TGM/CLiC 12 MGNTHS -———---------——------—--——

D I FFEREFICE h . b~ + tz 5.10 +t2
(per annum) ( 3 5(>, 1 (:)0) ( 3 G 1, So{:) )

-- ————--— —--- ——--—-——-  —--—

CAPITAL CaST5 OF NFT * qq ~ i 1[:, 3 107, S55
GROWING SYSTEM

A mm t-e c omp 1 e t e =C on cm i c p i c t u t-e c ann a t b e p t-=s en t ad w 1 tih au t
the rema 1 rider of the capita 1 cost= (s c ruc tura 1 ana mech an 1 C= 1 ) .
I t does however appear that either pt-uduction scenario will prove
economical to the prospective operator.

- B-t -
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RECOMMENDATIONS
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NFT hydroponic culture is recommended as the most practical
growing system for initial trials in the 1qaluit greenhouse.

l e a s t  e x p e n s i v e  0+ all p~tafitlal sy=tems (capitai
as well as annual cost=)
no importation of media required and no problem with
disposal of used media.
same degree of horticultural expertise required for all
three systems evaluated.
being a closed system, permit= water conservation and
elimination o+ disposal problems anticipated with open
systems.
is easily convertible to peat bag or rock-wool culture.

An initial cultivation area of 10,WN ft~ is recommended to
ensure the best return on investment possible.  Serious
consideration should be Siven to future expansion to meet iocal
vegetable market demand.

An initial cultivation period of 8 months for tomato and cucumber
plants and 12 months for lettuce is recommended- Once sufficient
e::Perience has been acquired with rne c u l t i v a t i o n  O+ t h e s e  c r o p s ,
a  year-rnund scheduie snouid b e  attempted tcr malntaln a steady
supply c+ p r o d u c e  +ar t h e  locai mark=t.

The acquisition of a competent horticulturalist to manage the
propased facility is essential to the success of the operation.
Graduates from the University of Laval, Ste Fay, Quebec and the Z
University of Guelph, ~ Ontario wouid be likely candidates
althoush persons should ideally have previous working experience
with hydroponic vegetable cultivation.

- 85 -
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APPENDIX A

SIJFFLIERS  O F  EQUIF’MENT
AND SUF’PORT  ORGANIZATIONS

AGi7i3 iI’iNAMICS  INC. Green nousa  Ccmputer systems
au i 1 ding ~, ri.svy Yard Grocan tm Roc K:*CO 1 sys zeros
Brook 1 yn ~ N. ‘f. 11205 USA
I -S(X)-AGFKI-CAN

AMER I CAN GREEI’JHOUSE
110 Hal+ Acre 1 ane
F’anama C i ty E’each
F larl aa Z2407

BAI-L-SUF’EA 10F; L7E .

s’<~TEMs I~]c- Supp i i er of comp 1 e te hydro-
pon IC grsenhmses and
train inq fur new q rcwers

Greenhouse SUPP i i es and
1155 B i rcnv i ew at-i ve equ I preen t
Mississauga,  O n t a r i o  L31-1 ZEl
( 4 1 6 )  Z7S–5201

CANADIAN HYDRUGARDENS LIMITED
411 Eaok Road Kest
Gncss ter, Ontario L9G ZLl
(416) 64 G-l GO1
John Stevens

GROWERS TECHNICAL SEF.VICES
2241 Eunwin Drive, Erin Mills
Mississauga, Ontario L5L 1A=
(410) 625–5423
Alex Turkewitsch

- so -

Complete hydroponic systems
and all required equipment.
Feptiiizers. meters, tanks
Water, ti~sue and solution
analysis ana interpretation
Gr~we r sup p c r- t

NFT lectuce tt-nuqh system
F:oc k WO~ 1

Fet-t i 1 i zer injection systems
DGT Computer control ler-s
pH a n d  EC meters.
Ebb and Flow benching  system-=



CONF’ANY FiiGiYJCTS/SEi3V  I CE

LES I N12iJSTF: I ES HAF..NU i S INC.
1044 rue Fr i nc 1 pa ie,
S t-Thomas-de-Jo 1 i et t=
Ql~eoec JGKj ~i-cj

(314) ~~o- 1 [-jq ~

Jean Lamaureu::

Horticultural Research Institute
of Ontario
Ontario Ministry o+
Agriculture and Food
Vinelanci Station? Gntaria LOR 2E0
(410) 5E12-4141

HYIKCCULTUEE,  INC.
%’th ave.  a n d  West Gienaale
F’.o. Box 1655
G l e n d a l e ,  A r i z o n a  85311 U S A

HYEF:O-GARDENS,  INC

Hy d i-cp cn i c Sacleiy 0+ A m e r i c a
F’. il. b e ; <  516, 13rentwood,
Cali+orn la. ‘4513 USA

I SOSC
(The International Society for-
Soi 1 less Cul ture)
Secretariat o+ IS05C
F’. n. Eo:c 52, Magen i n gen,
The Netherlands

JACK VAN KLAVEREN LTD.
P.G. Be:: ‘?1O
St Catharines? Gntario L2F: 6Z4
(416) 084-110=

Information on hydroponic
c u l t u r e  a n d  s u i t a b l e
veqekable v a r i e t i e s

SUP p 1 i er o+ equipment and

training +cr hydroponic

g r o w e r s .

Compiete hydroponic systems
and all required equipment
and supplies. Custcfn blends
0+ +=rtilizer, peat bags,
NFT lettuce qrcwing S!/stern

SOCl=ty +Cr =Oiile== ~rnwer=
In+orrnatlon and membersnlp.

Worlawiae sociezy +or the
promotion o+ soil less cultut-e
Information center for soil–
less culture.

Greenhouse supplies

– E3i -
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- H y d r o p o n i c  supplies ancj

E. R. 1 Z-at-q i i 1 ~ fin tar 10 I’KG 1 .JO ccnsu i c i ng
(519) .360 -95’==

METEX  Corpnratlon Limited
12 ~’enn Urive, Unit 1
Weston, Gntaria t19L Z~9
(41+)) 749-121C)
John Pudney

W.H. FEi3R13N & CC). LT~I
513 Labeile =lvd.
Laval, Quebec H7V 2TZ
(514) ZZ2-ZA1O

Ferkiiizer injeccicn systems
p i - i  a n d  EL meters ,  p u m p s

F’L LIGHT SYSTEPIS CANADA INC. Greenhouse iiqnting equipment
P.O. BOX 206 Lighting ae-sign +or d i f f e r e n t
183 S o u t h  S e r v i c e  rd.? Unit 2 craps
Grimsby, C)ntario LZM 4G3
(416) 945-413s

F,.i~. ao:-:  520
Chemin Temiscouata
Riviere-du-Loup, Quebec GSR 321
(413) Eh2-55’154

FF. IVA COMF’UTERS INC.
18Z South Servzce Road
Gr i msb y, Clntario LZM 4H7

Si-iAMF:OCK INDUSTF:IE5
i+W~  ~~ S o u t h
Norwich, Ontario
N(:)J IPfj
(519) E6Z-X024

!5r-eennouse  computers ana
COZ generators

Speedel t m . gro bags  / b l e n d e d
p e a t  mi::es +or tomato and
cucumber production

- t3i3 -
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CDMF’ANY F’ROEUCTS /’ SERV I CE

S t  Catharines?  Ontario l-z~ 0~~
(416) 688–43(10

VAi3’f INDUSTRIES  {19EZ} Li3
S17 South Set-vica Road W .
Grlmsby. Gntario LSM 4NS
(41A) +&-7b91

PETER ZWART AND ASSOCIATES
178 Alway Road
F.O. BOX X5, Erimsby
Ontario LZM 4EZ
(416) e4z-415b
John Knlgnt

/
Fertilizer m i x i n g  systems
Iiyaruponic  systems and eauip-
ment.
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The purpose of this study is to res earch and develop an economical green-

house design for Iqaluit with associated capital and operating rests.

Specifically the work involvd includes:

o Bssd cm climatic conditions, energy mnsex-vation requirementts, the

crops , and costs , an investigation was performed of gremhouse sys-

tems available to detemine which would be most appropriate.

Diagmms and a description of the rec&mended system with necessary

adaptations are presented.

o lksed on information provided by greenhouse sup@iers and 1-1 con-

tractors, the capital costs of the greenhouse were estimated.

o Based on energy costs, supplies and labour, the operating expenses
were estimated. Using the information gathered in the market study,

the income of the greenhouse was also estimated.

o Through a consultation progmm with other northern gre+mhouse

operators, a review of the design was undertaken to solicit input and
uptiuns.

o Potential funding sourc=s were identifial.

2. GREENWUSE DESIGN

Various types of greenhouses were considered with the prime requirement

being availability from a came- rcial greenhouse supplier. Illustrations of

the types of systems and the rationale utilized in deterrnining which is

the most suitable follows.

Figure 1 indicates a design developed by the Brace Institute, that appears

to provide a sensible approach for the north because there is minimum heat

loss. Assuming a significant solar contribution from March to October, for
our latitude the best angle of glazing fur the south facing glazing is

about 500. This is only an approxiwtion because data WaS extrapolated
/

from Churchill, Mmitoba and Edmonton, Alberta ( see Appendix A) .

upon fU1’thel’ investigation (agaili  USiIUZ Churchill data, see iippendix  B),
it was determined that, for tlie eight month growing seasun, =1 Iqaluit ~’

greenhouse would obtain approximately 32% of its light through northern



-2-

1
1

SGu-n-l.
I

I
I

glazing. This results because there is nearly 24 hours of sunlight during

the Swlmner. Without northern glazing the mte of plant growth would be

sigIiif icantly reduced. This fact was verified with the Agricultural and ‘

Forestry Experiment Station of the University of Alaska in Fairbanks. For
this reason, this design was not considered further.

Figure 2
assessment

3, is more

illustrates a type of greenhouse that could be used but a quick
indicated that the similer style of greenhouse, shown in figure

practical.

-
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I

I
Greenhouses such as these are capable of withstanding
wihds, are inexpensive to mnstruct, and have a low heat
foot ~f growing area. Internal clear ~tltion.g al

strong northern
10ss per square
be installed to

provicle different environmental areas to meet different crop requirements.

The ~i~xt issue i~ivolves the kind of glazing to be US~. me to our ~fimw
climate ( 17,852 OF degree days per year) , only double glazing was seriously
considered. There are three types readily available from comne- l~ial green-

house suppliers; that is, double acrylic, double polycarbonate  and double

polyethylene. Double acrylic or ~lyca.rhnate are desirable because they

have such a high resistance to impact, but they are both expensive. Double

polyethylene is least expensive, but there were concerns with whether it
would withstand Iqaluit ts high winds at qratures of -40 OF. In conver-

sation with greenhouse growers and suppliers, no problems of this nature

have been reported. One layer of polyethylene would have to be replaced

every two or three years but the other layer would remain intact and the

crops would be protected.

TU aptimize tith capital and operating costs while at the same time
providing a functional and structurally sound greenhouse it w determined

that a multi span greenhouse with walls of double acrylic armi a roof of

double polyethylene would be the most feasible. ‘l’he bottun two feet of the
/

walls, (below the level of the growing kenches ) , are to be insulated.

‘I& best type of floor would be raised on spread footings or piles. This
would eliminate miy degradation of the Permaflwst and subsequent shifting

of the foundation, as well as prevent snodrifting around the stmture.
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Unfortunately, this foundations ystan is also the most expensive.

law-e costs , estimates are based on a foundation system that consists
To
of

a grade - aIld a @Nel floor placed over 4 inches of polyurethane in-
sulation. It has been verified that potential movemeIIt of the floor can be

accolnmodated by the structure. The building will be oriented to minimize
snowdrifting hut some snow clearing will undoubtedly be required on the
south side to ensure maximun solar radiation through the vertical glazing.

Figures 4, 5, 6 and 7 illustrate a greenhouse complex designed for
Iqaluit. With this design, it will be possible to produce a -reasonably
economical prccluct in an environment that is constructed to withstand the
harsh Arctic climate.

SITING ANALYSIS

As shorn in Figure 5, the site on the east side of the road to the power

pl=it provides the most suitable location for the greenhouse. Development

cwsts for this site would be expensive because long lengths of piping are
required for the installation of the heat rectivery  system and for connw-
tioli to the town’s water supply system. The site, however, is reasonably

level for construction of buildings and access roads. Access to this
site, both for construction and transporting produce,  is good. There is
ample area to locate the greenhouse with proper southern orientation, to
allow for future expansion, and to provide parking.
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4. CAPITAL (X3STS AND OPERATING IMXME AND ~

In attempting to optimize a grefiouse operation, a number of variables

have been tiivestigated.  ScJme of these are dealt with in the previous study
“Horticultural Design and Pm3uction Scenarios”. The greenhouse size and
the duration of the growing season each have a significant impact on
costs. Providal in this report are capital and operating cost estimates

for the 7,500 f t z ad 10,000 ft 2 sizes, and 8 month and 12 month growing

seasons outlined in the previous horticultural report.

The duration of the growing season has a serious impact on the heating

system. * ilidicated  in @pendiX C, the approximate heatirg costs for a

sample 10,000 square foot greenhouse (not including the header house) for
an eight month growing season is $28,800 as compared with $65,300 for a

twelve month growing season. The ~Wst of a heat recmvery systm from the

N. c . P. c . power plsmt is estimated at $119,000 (see Table I ) . Obviously a

heat recovery system has a very quick economic payback &ed on a

growing season but

The feasibility of
will be considered

it may be questionable with an 8

the greenhouse with and titli~ut

in tlie eccni~mi~ analysis.

month growing

waste heat

12 month ,/
season .

recovery

Rehilers have indicated that the wholesale price is approximately 75?6 of
the retail price. with air freight, the cost of produc= from southern

suppliers fur businesses and institutions is approximately equal to the

local retail price. The marketing study also indicates that buyers are

prepard to pay a 15% premium for good quality
suming that 5W0 of the produce will be

businesses, and W% to ld retailers, the

price was calculated in the following manner:

locally grown produce. As-
sold to institutions and
average anticipated selling

average  sel 1 ing price market rrice to retailers + aarket Price to iusifiesses  and institutiwm

aarket  price x [1OOZ - 25!4 + 15X] + market  orice x (1OOZ + 15Z) ?
1

nb

market price r 102.5%
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Therefore the market prices indicated in the market study will & used M ,

the average selling prices in the income projection.

The following tables indimte capital costs and operating incomes and

costs of various greenhouse scenarios. As shown in the tables when oil is

used for heating, there is little difference between the income and the

operating costs or that there is a deficit. It should be noted that capi-

tal debt re~yment and interest peqments have not been filuded in the ~

operation tables.
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TABLE I

CAPITAL COSTS FOR GREENHOUSE COMPLEX

I t em 7,500 Sq.ft. 10,000 Sq.ft.
10 Heat Exchangers, etc. @ NCPC $ 9,000 $ 9,000
nL.
3.
4.
5.
6.
‘7.
8.
9.

10.
11.
12.
13.
14.
15.
16.
17.
18.

19.
20.
21.
22.

23.
24.
25.

Ikterior Heat Recovery Pipeline
MOuliting  & Protection of Pipeline
Freight for items 1,2,3
Installation for items 1,2,3
Site Preparation (level, grade)
Structure Foundation
Insulation & Material for Floor
Packaged Greenhouse including
Structure, Hardware, Doors,
Walks , and Roof
Freight for item 9
Installation for item 9
Greenhouse Ventilatioli
Greenhouse Heating
Tomato Shading Curtain
Greenhouse NTT Hydroponic System
Greenhouse Lighting
Freight for items 12,13,14
Installation for items
12,13,14,15,16
(X3Z GelieraturS
Header House (1, XOft Z @ $80/ft2 )
1311ergeliCy GeIiel~tO1’
Additional Fkch/Elect.  Greenhouse
Costs in Header House
Small Tools & Produce Ccrkainers
Celitingelicy at 5%
Engineering at 7%

Total

De le t ion  of Waste H e a t  S y s t e m

Delete Items 1 ,2,3,4,5 ~A
Adjust Items 24,25

Total

42;000
20,000
5,000

25,000
1,500
3,000

26,100

40,900
3,500
10,000
7,800

29,900
8,300
55,800
26,300
2,000

21,000
12,000

100,800
5,000

8,000
4,500

25,600
37,000

$530,000

( $119 ,000)

$411,000

42; 000
20,000
5,000

25,000
2,000
4,000
34,800

54,500
5,000
13,000
10,400
37,500
11,000
60,800
35, 100
2,000

2’7 ,000
12,000

100,800
5,000

8,000
5, 500

28, 700
42,200

$Goo ,300

( $119 ,000)

$481,300
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TABLE II

INCOME AND EXPENSES-OPERATION FOR TWELVE MONTHS

Item 7,500 Sq.ft. 10,000 Sq.ft.

IN(XME

kttuce ($3.44 per head) $67,080 $89,440
Tomato ($2.14 per lb) 41,730 55,640
(ham-&r ($1.49 pa lb) 17,880 23,840

Total Income $126,690 $168,920

EXPENSES

Direct

Labour
Growing Supplies
&Equi~nt

C@eratilNZ Overheads (Using Waste Heat)

Electric power
(Lights +3 H.P. Circulator)
‘Water
Oil
Repairs &Maintenance
Miscell=iecms

Administrative Overheads

Acmunting & Legal
Insw=we
Office Costs
Ccmmmiicatims
Taxes

Total Expenses

!%45 ,000

3,470

$39,280
1,800

0
5,000
1,200

1,000
2,600

900
1,100
3,500

$102,850

$45,000

4,635

$50,680
2 ,400 —

o
3,600
1,500

1,000
3,500
1,200
1,500
3,500

$118,515
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TABLE III

INCCME AND EXPENSES-OPERATION FRON MARCH 1 ‘K) OCI’OBER 30

I tem 7,500 Sq. ft. 10,000 Sq. ft.

INCGPIE

Lettuce ($3.44 per head) $41,2!30 $55,040
Tomato ($2. 14 per lb. ) 25,680 34,240
Cucumber ($1 .49 per lb. ) 11,175 14,900

.
Total Income $78,135 $104,108

EXPENSES

Direct

Labour
Growing Supplies
& Equipnerlt

Operating Overhead (Using Waste Heat)

Electric Power
(Lights +3 H.P. Circulator)
Water
Oil
Repairs & Maintenance
Miscellaneous

Administrative OVerh-

Accounting & Legal
Insurance
Office Costs
COmmUlii-ticnis
Taxes

Total I?xpenses

Deletion of Waste Heat System

Add Oil
Delete 3 H.P. circulator

Tutal Expenses

$45,000

2,470

$11,410
1,200

0
2,000

800

1,000
2,600

600
750

3,500

$71,230

$22,200
( 3, Glo )

$s9 ,920

$45,000

3,305

$14,010
1,600

0
2, 500
1,000

1,000
3,500

800
1,000
3,500

$’77 ,215

$29,600
( 3 ,610)

$103,205

—
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TARLEXv

INCXMZ AND EXPENSES-OPERATION ~FOR TWELVE NONI’HS AND
‘lYIMA’R3Es  AND CUCW8ER FROM MARCH 1 m 0C71-OBER 30

I t e m 7,500  Sq.  ft. 10,000 Sq.  ft.

INCOME

Lettuce ($3. 44 per head) $67,080 $89,440
Tomato ($2. 14 per lb. ) 25,680 34,240
Cucumber ($1.49 per lb. ) 11,175 14,900

Total Income $103,935 $138,580

EXPENSES

DirectI
I

L31xur
Growing Supplies

I & Equipnent
Operating Overheads (Using Waste Heat)

1
/ Electric Power

(Lights +3 H.P. Circulator)
Water
Oil
Repairs & Maintelmice
Miscellaneous

khninistrative  Overheads

Accounting & Legal

Insurmice

Office costs
Wmununications
Taxes

Total Expenses

Delet ion of Waste Heat  System

Add O i l
Delete 3 H.P. Circulator

$45,000

2,645

$26,500
1,375

0
2,400
1,000

1,000
2,600

700
900

3,500

$s7 ,620

$33,500
( 5 ,900)

$115,220

$45,000

3,540

$33,400
1,825

0
2,900
1,200

1,000
3,500
1,000
1,200
3,500

$98,065

$44, GOo
(5, 900 )

S13G , ‘7G5
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5. sumARY

Sunlight from a

the g r e e n h o u s e

a c r y l i c  w a l l s ,

northerly direction should be considered in the design of
for Iqaluit. A multispen greenhouse with double glazed

double glazed polyethylene roof and gravel floor provides
sli -Wnomical  greenhouse system. ~le site on the east side of the road to

the power plant provides the most suitable location.

The suggestions and observations of experience northern greenhouse

Opsmators are summarized in Appendix D of” this report. The most sig-

nificant recomme ndation is that, since tomatoes and cucumber do not grow

well under artificial light, they should be grown only during eight months

of the year.

A list of potential funding sources for this project is located in ~pp5n-

dix E.

wed on the design, capital and opemti.ng cost and remmmda- tions

northern greenhouse operators, profoma f insncial statements should

produced for the following options:

Grmhcmse Growing Status of Waste
Size Seiisun ‘hat Recovery Syste9

Option  1 - 7,!00 ft; 8 Eonth season waste heat recovery systes

Cption  2- 7,50C ft: 8 aonth season no waste heat recoverl  system

Optioh  3 -  7,$00 ft: t 8/12  conth season waste heat recoverl  system

Option 4- ?,500ft1 : 8/12 ~onth season no waste heat recovery s~stea

Gption  5 - 10,000 ftt 8 lonth season waste heat recovery s~ste~
Option 6 - 10,000 ft~ 8 Bonth S~ASOh no waste heat recover~ system

Option ? - 10,000 ft; t 811: rnontk  season Haste beat recovery s~stem

Option 8 - 10,000 ft: : 8ji2 month  skasori fio uaste  heat recovery systel

: 8 nonths tomatoes and cucumbers and 12 months lettuce

of

be

—



APPENDIX A

ESTINATE OF OPHMUi’4 ANGLE FOR SOUTH FACING GLAZING

The information for Edmonton and Churchill was Men from “An Analysis of Solar

Radiation Dab for Se.lecte3 Locations in Canada” by J .E . my.

The optimum southwalti facing glazing angles for Edmonton, Alkl’- alid ChUr-

chill, Manitoba from Flarch to October are:

EdmOntO1i
PIarch (yjo

~pril
?lay

June to 0
July

August
s+&niber 500

oetobel’

Churchill
700
500
300
~o o
300

~oo

5(30

Too

360 I 8 = 450

The latitudes for ~~liton, Churchill, and Iqaluit are 53034, 58045, and
~30451 r-~e Pectively. The difference between Churchill and -nton is 5011 sml
ktweeli Iqaluit aid Churchill is 500. Therefore, if we extrapolate from Edmon-
ton to Churchill to Iqaluit, the best angle of glazing for a south facing wall
in Iqaluit is about 500.

It is understood that this methodology does not take into account such things

as variations in cloud cover, but should be sufficiently awxrate.

A 1/1
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APPENMX B

ESSL?lATE OF PERCCWTAGE OF DAILY SOLAR RADXATION FRCM THE NORTH

Main from “fii Analysis of Solar Radiation Data for Selected dtims in
Canada” by J .E . HZiy, the mean monthly values of daily shortwave radiations on

inclind surfaces for Churchill, Manitoba (in MJ/mz

100

200
so o
goo
500
~oo
700
~oo
900

100
200
300
40”
500
~oo
700
800
90”

March
North South

9 .G9 14. G3
E .95 17.04
4.53 la .91
4.16 20.39
3.84 21.44
3.59 22.02
3.41 22..12
3.56 21.73
4.05 20.87

~
North south

19.55 21. Go
17.92 22.07
15.92 22.08
13.62 21.59
11 .0’7 20.73
9.26 19.41
8.27 17.6s
7.42 15.61
6.6’7 13.36

April
North South

1’7.06 21.54
14.39 23.23
11.52 24.52
z .52 25.29
7.29 25.53
6.80 25.23
6.44 24.s9
6.14 23.05
6.33 21.23

Au@St
North SOutli

14.50 17.27
12.69 18.17
100G3 18.65
S.29 18.76
6.57 18.45
5.81 17.71
5.22 16.57
4.68 15.06
4.13 13.26

P&
North South .

19.35 22.12
17.35 22.91
15.01 23.18
12.38 22.95
9.56 22.28
8.11 21.11
7.25 19.4G
f3.53 17.44
5.N 15.18

September
NO1’tli SCXlth

7.82 10.39
6.30 11.36
4.6s 12.08
3.65 12.52
3.21 12.69
2.79 12.57
2.39 12.15
2.01 11.47
1.(X 10.53

per day) are:

June
North South

21.03
19.33
17.34
14.94
12.27
10.03
2.s6
7.$6
7.04

22.98
23.21
23.19
22.55
21.50
20.01
18.09
15.88
13.47

Cktober
North South

3.37 5.26
2.45 6.10
2.09 6.%2
10Z2 “ “n(.00
1.55 ‘7.77
1.29 7.98
1.04 8.00
0.82 7.8s
0.66 7.48

The avel=~e fur the north facirg surfaces is 8.06 and for the south facing sur-
faces is i7.49 MJ/m~ per day. tilerefol= the percentage of solar radiation from
the north (not inducting the gable ends) is 8.OG = 22%

8.06 + 17.49

This is of course going to vary depending upon the o r i e n t a t i o n  of the pn--
ticular glazed s u r f a c e s  of tlw g r e e n h o u s e .  B u t  i t
and a p p r o x i m a t i o n .

T h i s  calculation was done  for C h u r c h i l l . Iqaluit
l i g h t  from the nurth alid thus wi l l  have a gxwater
from tlte north.

serves as a good illustration

has more hours of direct SUli-
prcqxwtion of solar radiation



APPENDIX c

HEAT UISS , HEAT GAIN, OIL CCS’IS

z?,

~

=/’ a, A:’
=-l &31 -1

-: I &u ~ ~ 0

The heat loss, solar heat gain, and oil costs for the stawture illustmted in
Figure 8 were calculated in the following manner. As indicati in Table II of
the “Horticultural Design and Production Scenarios”, the design temperature of
the crops varies cmsiclembly.  An average indoor temperature of 18oC (640F) was
used. The outdoor design temperature is -40‘C (40 OF ) .

Design Heat Loss

Knee wall insulated to R27:
[190’ + 190’ + ~3’) X 2’] X (640F - (-400 F))/27 = 3,413 Btu

Glazed gable end with Lexan l/4’’ FCSS, R 1.54:
[9’ X 63’ + 2/2 X 21’ X 4’ x3x2] X (640 F- (-40°F))/l.54 = 60,982

Glazed side walls with kxan l/4’’ FCSS, R 1.54:
[9’ X 190’ + 9’ X 190’] X (G40F - (-400F))/l.54 = 230,961

Glazed rmf with double polyethylene 6 milt R 1.42:
[27’ X 190’ X 2 + 27’ X 95’] X (640F - (-400F))/l.42 = 939,296

Floor insulatti to R25:
[210’ x 42’ + 115’ X 21’] X (640F - (-250F))/25  = 17,527

Header
[20’ +

Header
[20’ x

house walls inslated to R27:
63’ + 20’1 X 9’ X (700F - (-400F))/27 = 3,777

house roof insulated to R40:
~3’1 X (70”F - (-400F))/40 = 3,4G5

c 1/4



Header house windows, ~ 2.S6:

[2’ X 2’ X ~] X (700F - (-400 F))/2.56 = 688

Header house &O1’S, ~3:
[~’ X 7’ X ~] X (700F - (-400F))/3  = 1,540

Infilt~~tion assuming 1 air change ~r hour:
[[9’ X ~1’ + 2/3 X 2.1’ X 4’] X 475’ + 9’ X 20’ X ~3’] X 1.08

x (@loF - (-400F))/’6O = 239,082

Total 1,500,731 Btu

Annual Heating Requirement
.

Average annual degree CbyS = 17,8520F ClayS/y~’

1,500,7s1 Btu X 24 hr X 17,852 OF &yS = 6,182,550,000 Btu/year
1 0 4  hr~F clay year

March to &“tober Heating Requirement

March to &tober Degree hyS = 9,312 OF.daYS
8 months

1 , 5 0 0 , 7 3 1  —Btu X ~~ hr X 9,312 OF dayS = 3,224,955,000 Btu/year
104 hr. OF day year

Solar Heat Gain

This ca lcu la t ion  w i l l  onlybe a rough a p p r o x i m a t i o n  b e c a u s e  there are a number

of assumptions that  have to be rode.

0 The calculations are based on values taken from “An kialysis of Solar
Radiation Data for Selected Locations in Canada” by J.E. Hay for Chur-
chill, Manitoba. Figures  were adjusted for Iqaluit  by using the ratio of
tiie average shortwave radiation on a horizontal surface in Iqaluit  to that
in Churchill.

c1 Average values are used in the calculations such as:

o the average daily shortwave radiation on a horizontal surface for the
calculation period

o the average of the daily shortwave radiation values on inclined sur-

faces from 80° facing south to SOO facing Iicm’th ( for the round roofs

of the greenhouse)

o the average daily shortwave mdiation on inclined surfaces for the

calculation period.

A computer program would produce more accurate information
c 2/4
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CJ It will be xsumed that 45% of the solar heat gain will be lost due to

light being reflected from the greenhouse and energy being required for

plant transpimtion.

Annual Solar Heat Gain

Avemge annual shortwave mdiation on a horizontal surface (Iqaluit)
= 234 Btu

ft~ day

Avemge annual shortwave radiation on a horizontal surface (Churchill)
= 1,007 Btu

ftz day .

Glad uest  gable end with ‘Lem 1/4 ‘PUS, solar trarmittmce  N
[9’x63’ +2/3 x21’ x4’x 3] x73? 6to x365 d~x 834 x.$$x(l  -.4$) :79,226, OCO 6tu/year

ft: da! Tear T@

Glazed upper east gable end with Lexan i/4’iWSS,  solar tramittance  W
[2;3  X 21’ X 4’ X 3] r ~$t :tu X 36$ d~x ~: .8$X (1 - .i$) : la,!84,000 Btu/yehr

ft: day year 1,007

Giazed south sid~wall  end with Lexae l/4”FCSS, solar transmittance 88X
[9’ r 190’] X 1,12?  Btu I :65 dqx 834 x .88 x (1 - .45] :

ft: day year *7

Glaz~d north  sidd wall with L~xan l/4”FiXS, solar transmittance 881
[g’ X 130’] X ;s~ Btu x 365 d~x 834 X .88 X (1 - .45) :

ft.! day year 1,007

281,965,000 Btu/year

73,806,000 Btu/year

Glazed roof with double polyethylene, solar transmittance 67%
[27’ X 190’ X 2 + 27’ X !$’] X 898 Btu X 365 ~x 834 X .6!  X (] - ,45) = 1,282,323,000 Btu/year

ft~ day year  W7

Total 1,736,434,000 Btu/year

Solar Heat Gain from Flarch to Octobr

Average ~~iual shortwave radiation on a horizontal surface (Iqaluit)
= 11s6 Btu

ft~ day

Average annual shortwave radiatiun on a horizontal  surface (Churchill)
= 1279 Btu

ft~ day

Glaztid  west gable end uith  kxafi l/i’?CSS, sular  transmittance 882
[3’ x 63’ + 2/3  x Ii’ x 4’ x t] x 959 Btu x 245 day x IJJI .88 x (i-.45]: 71,8:5,000  iitu/8  ilOSo

ft: day 8 Bus. 1,379

c  3/4



APPENDIX D

DISCUSSION OF GREENKWSE ~‘ WITH CCPPIERCIAL  NORTHERN GRilWnIRS

(h-me  the greenhouse and horticultural system was developed, other northern
greenhouse operators were cantact.d to detemnine the feasibility of the plan
in the light of their pragmatic experience. ‘heir suggestions were solicited
on imvrcn-ing  the economics of the venture. The following are their key sug-
gestion= am-observations. 13urdett-Moulton’s  remarks are in brackets.

Mr. Nlan Heiland of Heiland Farms, Wnitehorse, Yukon

Mr. Heiland grows produce hydroponically, lettuce aid bean sprouts
ticular.

thought that propos~ system was logical
noted that he reduces the tempemture  til his lettuce greenhouse
night
in 19’78, 90% of tlie lettuce ctinsumed in Whitehcmse was iceberg,
10% was romaine and leaf lettuc=.

~ P=’-

to 4 ~C at

the other

in 1988, 64% of the lettuce consnnned in k%iteliorse was iceberg, 18% was
romaine, 16?4 was leaf lettuce, and 2% was butterhead.
the above was the natu’al progressicm of public consumptioli; he does not
know what would happen if larger quantities of fresh, locallY grown
romaine, leaf, and butterhead lettuce were made available; with his
present operatimi, he may liave a better idea ili a few months.
he is presently investigating the use of large growth chambers that can
provide more prcduce per square foot much faster; apparently they are
quite new.

D 1/3



JAi Chllette,  Fairbark, A l a s k a

}b’. tillett~ grows rcJses  =“ld  fGOmatOeS 11) a double polyethylene greenhouse.

l“lOt~S tliat tmnatues do not grow well under artificial light because the
light cannot Perwtrate  tlie dense upper foliage to the foliage and tomatoes
Ui&rlieath.

a $750,000 greenhouse was built in Md2rath, Alaska to grow tombs year
rouid under artificial light; they muldn t make it work properly.
suggests that, if we. really want to grow tomatoes year romd, we get a
publication from Rutgers University called “Growing Tomatoes Single
cluster” .
he starts his tomatoes the latter part of January, transplants them from
March 15 to April 1, and pulls them about the- third week of Cktober.
rec~- ‘* staggered planting to eliminate peak production periods.
has marketable tomatoes from May 20 to November 1.
strongly r-”amnends only growing tomatoes for 8 months of the year and
notes that the same problem occurs with cucumbers although not as acute.
(We will not consider growing tomatoes or cucumbers for 12 months in the
economic analysis ) .
feels that lettuce would be a gocd year round crop.
suggests Alcoa fin tubing for heating because it is very efficient; it is
available from Sharp Suppliers on the west coast .
tomatoes are the most difficult crop to grow hydroponically, recommends ~
hiring a horticulturalist who & this capability.
recomnends a thermal curtain. (Tlie free heat available from ~le ~te heat
recovery pipeline makes this an unnecessary expense. If the pipeline is
not installed, a thermal curtaili  SliOUld  be installed. )
-ests ti~at the w=te hat pipeline be made of a material such as CPVC,
use a small diameter pipe ( 2“ ) with a high temperature difference, and be
insulated with fibreglass  in order for the system to be as economical as
possible. (The estimate for our pipeline is bed on fibregl~s pipe which
is less expensive than CPVC, insulated with spmyed urethane for protec-
tion against the severe wi~ids i]i Iqaluit. The pipeline is 4“ with a GOOF
tempratul- drop. If the pipeline was 2“, the capital savings would not
offset the additional operating costs for the larger circulator that would
be requird.  )
states that a good compromise between insulation and glazing is to have ‘
tiie bottom three feet of the East, South, and West walls well insulated, ~
the bottom six feet of the north wall should be well insulated and the in- , ‘
teriur surface should be hig]ily  reflective. (If the project proceeds, this
suggestion will be used. )



Mann Leiser - Alaska Greenhouse, Anchomge, Alaska

Mr. Leiser grows bedding plants and flowers in double glazed fibreglass  green-
houses.

recommends kxsn or double fibreglass greenhouses as opposed to double
polyethylene; states that, as the air gap beccmes larger than one ilidl,
increasingly large air convective current are set up between the layers of
glazing that significantly reduce their thermal resistance. (With the
waste heat remvery pipeline, the reduced heat loss from kxan or
fibreglass  does not reduce the opemting cost. The important considemtion
is the capiti cost. )
when the decision is made on the gl-ing, be sure to account for the cost
of replacing a layer of polyethyl~ie about every two years. (The capital
cast of the polyethylene is about $1,400 every 2 years plus labour. )
they use Lascalite  fibreglsss that starts with a light transmi ssion of 91%
or 92’% and after twenty years is reduced to 87?4 to 89’%; it has a twenty
year warranty,
they make a double glazed system by installing spacers between two layers
of fibreglass.

D 3/3
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APPENDIX E

FUNDING SOURCES

As part of the feasibility study for a greenhouse complex in
Iqaluit, an initial investigation of potential funding sources
was made. If this project proceeds, the following resources should
be investigated.

1.

2.

3.

4.

5.

6.

Employment & Immigration Canada
Job Development-Individually Subsidized Jobs

Federal Business Development Bank -

Regional Offices Headquarters
5202 Franklin Avenue 901 Victoria Square
Yellowknife,  N.W.T. P.O. Box 6021
XIA 1E2 Montreal, Que.
(403) 873-3556 H3C 3C3

(514) 283-5904

Business Loans and Guarantees Fund - (403) 873-7363

Economic Development Agreement

Local Office Headquarters
Economic Development & Tourism Manager,
Economic Development Officer Economic Development
G.N.W.T. Secretariat
Iqaluit, N.W.T Box 1030
XOA OHO Yellowknife, N.W.T.
(819) 979-5311 XIA 2N7

(403) 873-8744

Venture Capital Program

Local Office Headquarters
Economic Development & Tourism 2nd Flour Laing Building
Economic Development Officer Economic Development
G.N.W.T. & Tourism, G.N.k’.T.
Iqaluit, N.W.T. Yellowknife, N.W.T.
XOA OHO XIA 2L9
(819) 9’79-5311 (403) S’73-7381

Northwest Territories Training Strategy

E m p l o y m e n t
C o n t a c t s  -

Enhancement
Employment & Immigration Canada

Superintendent of Education 979-5236

E 112
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Training On-Tl~e-J”ob
Cuntac ts - Superintendent of Education 979-5236

Employment and Apprenticeship Program
Department of Education
Yellowknife, N. W.T.
(403) 873-7552

7. Renewable Resource Business Assistance Program - Schedule D

E 2/2
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1. INIRODUcl’ION

The objective of the analysis presented in this study is to dete~mine
which of the eight greenhouse options identified in the “Engineering
Design, Capital and Ope~=ting Cost Estimates” study is the most feasible.

Based on the initial. analysis of the eight options, the best option is

further analyzed to determine the level of governme nt assistance necessary

to make this option a viable mmne rcial undertaking.

2. OFI’IONS  EVALUATI~

Projected income statements and cash flow statements for eight years have

been calculated for each of thf= eight greenhouse options (see Appendix A).
The following assumptions were used in preparing these statements:

1) 100% financing by long term debt
2) Capital financed at 12% per annum, mmpounded  semiannually

3) R.ev~iue  and expenses as provided in the ‘Engineering Design, Capital
and Operating Estimates” study for year 1; for each year after, these

estimates were ilicreased 5?4
4) Capital costs as providd in the “Er~ineering  resign, ~pital and

Opemting Estimates” study

Table 1 provick a sunumry of the C=Ih f luw totals at the end of eight
years for each of the options. As shown in the =ble, none of the options

provides a psitive &.sh flow. Option 7 ( 10,000 ft~ greenhouse, with wrote ~

heat recovery, 12 month lettuce growing season, and 8 month

toinatoe/cumm~r  growing season) is the best.
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TABLE 1 : PRWD3ED CASH FIL)W ‘lWI’AL  IWR THE FIRST 8 SEARS

Description Cash Deficit

1. Option 7 (10,000 ft~ , waste heat recovery,
12 months lettuce, 8 month tomtoes/cucumbe~) ( $532,986.  00)

2. Option 3 (7,500 ftz , waste heat recmvery,

12 months lettuce, 8 months tomatoes/cucumbers) ($661 ,634.00)

3. Option 5 (10,000 ft2 , w~te heat recovery,
8 months lettuce, tomatoes and cucumbers) ($668,389 .00)

4. Option 8 ( 10,000 ft~ , no waste heat remvery,
12 months lettuce, 8 months tomatoes/cucumbers) ( $725,003.00)

I
I

5. Option G ( 10,000 ftz, no waste heat recovery,

I

8 months lettuce, tomatoes and cucumbelw) ($733 ,019 .00)

t
G. Option 4 (7,500 ft~, Iio waste heat recmvery,

12 months lettuce, 8 months tomatoes/mcumbers) ( $741 ,652.00)
i

7. O p t i o n  2 (7,500 ft~ , liO w a s t e  h e a t  reCOvel’y,

8 mO1-lthS lettuce, tomatoes and CUCUmberS) ( $746,428 .00)

8. Option 1 (7,500 ft~ , waste heat recovery,

8 months lettuce, tonuitoes and cucumbers) ( $752,444 .00)

In order to make option 7 a viable undertaking for an entrepreneur, a sig-
nif icant grant would be necessary. Cn the direction of the project1
management, three financing options were developed that would result in a
positive cash flow after eight yea2= of operation.

Ii
Detailed pro jected income statements, cash f low statements, balance sheets

for the following three options are provided in Appendix B. Based on the

same assumption= as listed above under optima evaluation, the following

three financing options  would result in a positive cash fluw.
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Option A *Shareholder Loan $200,000.00

Gwernment Gmnt $300,000.00
Lang Telm Debt $100,300.00

Option B *Shareholder Loan 0.00
Government Grant $320,000.00
Long Te~m Debt $220,300.00

Option C *Shareholder Loan $100,000.00

GovernmentGmnt $340,000.00

Long Telm Debt $160,300.00

Table 2 provides a summuT of the project cash flow of these three options
for an eight year period.

TABLE 2: PROJECTED CASHFIOWFOR EIGHT YEARS

Year Closing Cku3h
-—.----— ---—-------—-------—---- — ---——— --

Option A Option B option C
1 ($2,853 .00 ) ($2 ,027. 00) ($2,445.00)
2 ($4 ,880.00) ($2 ,048 .00) ( $3,464 .00)
3 ($6 ,042.00 ) $ 66.00 ($2,988.00)
4 ($6,294.00) $ 228.00 ($ 940.00)
~ ($5,591.00) $ 479.00 $2,758.00
6 ($2,885.00) $1,408.00 $6,349.00
7 ($1,125.00) “ $3,096.00 $7,42G.00
8 $2,987.00 $6,254.00 $9,421.00

X No specific  terms for repayment, rate at 12% cmqmunded semiannually.

—
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I(2ALUIT GREENHOUSE

GENERAL APPROACH

In compiling these projections, there were 2 general questions. First,
w h i c h  o f  t h e  e i g h t  o p t i o n s  w a s  t h e  m o s t  f e a s i b l e ,  a n d  s e c o n d ,  what l e v e l  o f
g o v e r n m e n t a s s i s t a n c e w o u l d  b e  n e c e s s a r y  t o  m a k e  t h e  b e s t  a l t e r n a t i v e  a s
d e t e r m i n e d  a b o v e  e c o n o m i c a l l y  f e a s i b l e .

To answer the first question, we prepared cash flow projections for 8 years
~nder each option identified by the project engineers. It was assumed for
:his that all the required capital would be financed at 12 ‘% per annum,
compounded semi-annually. From this we determined that option 7 was the
best of the 8, although none were providing a positive cash flow.

The second question was then answered by taking the best option and
determining what level of government funding would be required to provide a
jreak even cash flow after eight years. The projected financial statements
~re prepared based on this determination.

Tnherent in the above is that the potential investor requires a 12 % return
]n his investment (compounded semi-annually) over an eight year period.

/

I
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TelePhone I I I (403) YZU+04

NQTI= TO READER
----------------

W e  }~ave c omp i  1  e d  t h e  a c c o m p a n y i n g  o p e r a t i n g  p r o j e c t  i  c,ns, s,:tur  c e
and ap p 1 i cat i cm 0 f cash f 10W and balance sheets fur the f i r st e i g h t
y e a r s  tz f I~Ip ey at 1 lzn 5 12 f Iqal ui t Gr een}louse from i n formation supp 1 i ed t Q
u s .  T h e  p r i n c i p a l  a s s u m p t i o n s  a n d  est i  mat es, wh i c h were made by p r o ,jec t
m a n  ag emen t and up an wh i c h t h e p r n j ec t ed f i nanc i a 1 statements are based,
ar e set for t h i n t h e as sump t i clns t c1 t h e pr c1 .j ec t ed f i nanc i  a l  s ta tements .
I n l:lr d er t o c IOrnp  1 1 = t h e se p r u j e!: t ed f i n an!: i a 1 s t a t  ements, w e m a d e  a
r evi ew wh i c h i nd i cat es t hat the pm. jec t ed f i nanc i  a l  s ta tements  have
b e e n  c mmp i 1 ed cm the basis n f  the  assumpt ions and est i mat es r e f er r ed t o
ab love. I n a s m u c h  a s t h e p r o.j  ec t ed f i nanc i al stat ements and t h e
as sump t i cms and est i mates r e 1 at e t D the future and may be a f f er t ed b y
un for eseen e v e n t s , we c an e x p r ess n u op i n i cm cm t he p r o .j ec t ed f i n an c i a 1
stat emen  ts or “on how c 1 nse 1 y t h e y wi 11 c !~r r esp !~n d wi t }1 t h e a,: t ua 1

~
! r esu 1 ts, c r on the as sump t i nns !:)n wh i c h t h e y a r e b a s e d . N,G(

rep r ssen t at i mn may be made or imp 1 i ed t hat we t a k e any r espons i b i 1 i t y
f ,:)r t }~ e al= c Ur al= y !Z f t h e p t- ~ j ec t ecl f i n an c i a 1 st at emen  ts.
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IW4LUIT GREENHOUSE

OF’ERAT  ING  F’170JECTIONS
( u n a u d i t e d  - S e e  Not i c e to Reader :)

FOR THE FIRST EIGHT YEARS

Opt i cm A
Fir~,je,~ t ed O p e n i n g  B a l a n c e  Sheet
Fr,~ jet: t ed Eight Year I n c o m e
F,r ,3je,:  t ed E1 ght Year l~ash F1‘~w

F’r cl.jer t ed Ei g}~t Year Hal anc e Sheet
Pr o.jec t ed Depr ec i at ion
Fr IQ ,jec t ed l-ong-Ter m Debt Service Cost 5
F’r i nc i pal Assump t i mns t IZ Fr 1:1.je~= t i ‘=’ns

Opt i mn H
W c1 jec t ed Open i rig Bal an’:e sheet
Fir ~, je~ t ed Eight Year I n’: ‘Ome
Fir o jet: ted Ei q}~t Year Lash F1‘Iw
pr,3 je,: t ed Eight Year Ral anl:e S}leet
Pr m .jec t ed Depr ec i at i cm
pr Q je,: t ed Lonq-Ter  m Debt Servi Ce I;l>st S
Fr i nc i pal Assumpt i cms to Frm ject i nns

Opt i on C
Fir ,~,je,:  t ed Open  1 nq Eal anc e  Sheet
For ~ jet: t ed Eight Year I ncorne
Pr n.jec ted Ei qht Y e a r  C a s h  F1 nw
Fr,3 jec t ed Eight Year Balance S h e e t
pr,2  ,je,: t ed Depr ec i at 1 lnn
FY,2 je,: t ed  Lonq-Ter m Debt Ser Vl ‘:e lui~sts
pr i n,: i p a l  Assurnp t i mns tn Fr m ject i Ons

—. -



&m&iE2is
P c1 Box m
MacKav  Bu!idmg

CharteIwd 4910. 50th SIreet
Yellmskmfe.  N W T XIA 2X5

A c c o u n t a n t s Telephone I I I 14031 920-+404

NOT ICE TO READEl?
. - - - - - - - - - -  —— - - -

We have c ornp i 1 ed the al: c clrnpanyi  ng operating pro.jec t i ons r source
and ap p 1 i c at i cm 13 f c ash f 1,ZW a n d  bal an,:  e  s h e e t s  for the f i r st e i g h t
y e a r s  !:) f t:!p er a t i l~ns a f I qal ui t Gr eenhmuse fr,~m  i n f,lrmat i nn supp 1 i ed t o
u s .  T h e  p r i n c i p a l assump  t i c,ns and est i mates, wh i c }1 were made b y p r m .jec t
m a n  ag emen  t and upon wh i I: h the pr m.jec  t ed f i nanc i  al  statements are b a s e d ,
ar e set for t h i n the as sump t i cms t o t h e p r o .jec t ed f i nanc i  a l  s t a t e m e n t s .
I n ,:,Y d er t I:, c ,~rnp  11 = t }1 ~s= p r o .j ec t ed f i n an c i a 1 stat ements, we m a d e  a
rev i ew wh i c h i nd i I: at es t h a t the pr m.jec  t ed f i nanc i  a l  s ta tements  have
been c mrnp i 1 ed on the basis o f t h e assump t ions and est i mat es r e f er r ed t c}
ab ,~ve. I n a s m u c h  a s t h e p r i:, j ec t ed f i nanc i al stat ements and t }Ie
assumpt i c,ns and est i mat es r el ate t n the future a n d  m a y  b e a f f ec t ed b y
u n  f o r  eseen e v e n t s ,  w e  can expr ess no op i n i on cm the  prl~.jec t ed f i nanc i al
stat em en ts cir on how c 1 IZse 1 y the y wi 11 -,-r nr r =Sp  l~n  cl w i t }1 t h e a,: t ~la 1
r esul ts, or cm t h e as sump t i mns crn wh i c }1 t h e y are b a s e d . N,:,
r e p r e s e n t  a t  i  on m a y  b e  m a d e  or imp 1 i =d t ~~at w= t a k e any r espnns i b i 1 i t y
f,:)r  t }le a,: cur ac y n f t }~e pr n jec t ed f i nanc i al stat =ments.

Ye 11 mwkn i f e, N,~r t }~west Ter r i tori es
Sept  ember  SO, 1 % 3 8

I: HAE:TEF..ED AI;I:OIJNTANTS

I

Ye I Iowkn  i fc ? Ran k;!l In let / Iqa I u i t / Ed mon ton / Vancouver / Pent icton  / Kelowna  / \Vh  itchorsc



IC!/4LUI T GREENHOUSE

OPERATING PROJECTIONS
( U n a u d i t e d -  S e e  Notice to Reader )

FOR THE FIRST EIGHT YEARS

OPTION A



Option  A

1QMJIT6REENHCME

PROJECTEII INCOHE
FOR THE FIRST 8YEARS

(Unaudited - See Notice To Reader)
OPTION: 7
[0,000 SQ. FT. - UITHHEAT  EXCHAN6EEQUIPHENT  12 HONTH SEASON

REVENUE
Lettuce
Toiato
Cucu~ber

Cost of sales
lhges and benefits
6rouing  supplies

6ross Sargin

EXPENSES
Electricity
Hater
Oil
Repairs and maintenance
HisceIIaneous
Property taxes
Professional fees
Ifisurance
Office
Telephone
interest on LTD
Amortization of grant
Depreciation

INCOHE BEFORE TAXES

INcoHETAxEs@2sz

NET INCOHE

NET INCOHE
Depreciation
Afiortization
C.C.A.

TAXABLE INCOHE  -

YEAR 1
------

$89,440
34,240
14,900

--------

138,580
--------

69,000
3,540

——----

72,540
— - — -

66,040
—-—-—

33,400
1,825

0
2,900
1,200
3,500
1,000
3,500
1,000
1,200

11,200
(16,687)
33,390

--—---

77,428
-------

(11,388)

0
---—--

($11,388)
--------------

($11,388)
33,390

(16,6871
(36,6291
-------

($31,314)
--------------

YEAR2
- — -

$93,912
35,952
15,645

--------

145,509
--------

72,450
3,117

---—--

76,167
-———

69,342
. — - -

35,070
1,916

0
3,045
1,260
3,675
1,050
3,675

“1,050
1,260

10,313
(15,515)
31,046

—----

77,845
- - — -

(8,503)

0
— -

($8,503)
--------------

($8,503)
31,046

(15,515)
(28,097)
- - - - - -

($21,069)
.-------------

YEAR3
------

$98,608
37,750
16,427

--------
152,785

-------

76,073
3,903

--.—---
79,976

. - — -
72,809

---—

36,824
2,012

0
3,197
1,323
3,859
1,103
3,859
1,103
1,323
9,194

(14,470)
28,953
-—---
78,280

-------
(5,471)

0

($5,471)

(45,471)
2~953
(14,470)
(19,691)
-.—--
($10,679)
-------------

YEAR4
—---

$103,!j38
39,638
17,248

-------

160,424
--------

79,877
4,098

- — - -

83,975
-—

76,449
— - -

38,665
2,!13

0
3,357
1,389
4,052
1,158
4,052
1,158
1,389
7,937

(13,529)
27,073
-—---

78,!14
--—---

(2,365)

0
—---

(~2,365)
--------------

($2,36S)
27,073
(13,529)
(15,116)
-—---
($3,937)
.-------------

YEAR5
------

%108,715
41,620
18,110

--------
168,445

--------

83,871
4,303

-----—-
08,174

--——-
80,271

- - — -

40,598
2,219

0
3,525
t,458
4,255
1,216
4,255
1,216
1,458
6,524

(12,681)
25,374

-------
79,417
-------

854

0
-------

$as4
--------------

S8S4
25,374
(12,681)
(12,490)
-------
$1,0s7

--------------

YEAR6
------

$114,151
43,701
19,016

--------
176,868

--------

88,065
4,518

-—-----
92,583

- — - -
84,285

-------

42,628
2,330

0
3,701
1,531
4,468
1,277
4,468
J,277
1,531
4,936

(11,909)
23,830
—-----
80,068

-------
4,217

0
--—---
$4,217
—-------.---

$4,?~7
23,830
(11,909)
(10,873)
-------
%5,265
--------------

YEAR7
------

$119,859
45,886
19,967

--------
185,712

--------

92,468
4,744

-.--—.
97,212

---—
88,500

-.--——

44,759
2,447

0
3,886
1,608
4,691
1,341
4,691
1,341
1,608
3,153

(11,203)
22,417
-------
80,739
-------

7,761

0
-------
$7,761

-------.—----

$7,761
22,417
(11,203)
(9,787)

-------
$9,180

--------------

YEAR8
------

$125,852
48,180
20,965

--------
194,997

--------

97,091
4,981

--------
102,072
-——--

92,925
--------

46,997
2,569

0
4,080
1,688
4,926
1,408
4,926
1,408
1,688
1,148

(10,555)
21,119
-------
81,402
-------
11,523

0
-------
$11,523
--------------

S11,523
21,119
(10,555)
(8,9B9)

-------
$13,090
-------.------



IRALU1T6REENHOUSE

Option A

PROJECTEOCASH~LOU
~ORIHEFIRSIE YEARS

(Unaudited - See Notice To Reader)

TION: 7
1 .0,000SQ.  FT. - UITH HEAT EXCHAN6EEQU1PKNT  12 HONIH SEASON

Year 1 Year 2 Year 3 Year 4 Year 5 Year 6 Year 7 Year 8
----.- --—- ----— ----- ------ ---—- ------ .----

Net Incose ($11,388)
Amortization (16,687)
Depreciation 33,390
LTD principle (8,168)

-------
fro- Operations (2,853)

Opening cash o
--------

Closing cash ($2,853)
------.---------

($8,503)
(15,515)
31,046
(9,055)

-----—-
(2,027)

(2,853)
--------
($4,880)

-------------—-

($5,471)
(14,470)
20,953
(10,174)
-———

(1,1621

(4,880)
--------
($6,042)

.----.---------.

($2,365)
(13,529)
27,073
(11,431)

--—----
(252)

(6,042)
--------
($6,294)

----------------

$854
(12,681)
25,374
(12,844)

--------
703

(6,294)
--------
($5,59!)

----------------

$4,217
(11,909)
23,830
(14,432)
-—-—.

1,706

(s,591)
--------

($3,8851
----------------

$7,761
(11,203)
22,417

(16,215)
--------

2,760

(3,885)
--------
($1,125)

--------------.-

$11,523
(10,555)
21,119
(17,981)

--------

4,106

(1,125)
--------

$2,981
--..------------

i

I

—



Option A

IQALUIT  6REENHOUSE

PROJECTED BALANCE SHEEI

ASAT YEAR E!ID
(Unaudited -See Notice To Reader)

OPTION: 7
10,OOOSQ. FT. -HITH HEAT EXCHAN6EEQUIPHENT  12 HONTH SEASON

YEAR 1 YEAR2 YEAR3
.---.- ------ —-—

ASSETS

CURRENT
Cash ($2,853) ($4,880) ($6,042)

FIXED
cost 600,300 600,300 600,300
Accumulated depreciation (33,390) (64,436) (93,389)

-—---- .—----- -——
S66,91O 535,864 506,911
---—-- -—----- - — -

! $S64,037 S530,984 $S00,869
.-----— ======== ---—---—--------

YEAR 4
------

($6,294)

600,200
(120,462)
—-——
479,830
—--—--
$473,544
—----—----—

YEARS YEAR 6
.-.--- ------

($5,591) ($3,885)

600,300 600,300
(145,836) (169,666)
-------- -------
454,464 430,634
-----—- -------
$448,873 $426,749
-----—- -------------—- --------

YEAR 7
.-----

($1,125)

600,300
(192,083)
—--—--
408,217
------
$407,092
—------—--—--

YEAR8
.-----

$2,981

600,300
(213,202)
.--—---
387,09E
—------
$390,079
.-.-------—----

LIA81LITIEs&EQulTY

SHAREHOLDERS LOAN $200,000 $200,000 $200,000 $200,000 $200,000 $200,000 $200,000 $200,000

60VERNHENT ASSISTANCE 283,313 ~67,798 253,328 239,799 227,118 215,209 204,006 193,451

LON6TERHDEBT 92,132 83,077 72,903 61,472 48,628 34,196 17,981 0

RETAINED EARNIN6S (11,388) (19,891) (25,362) (27,727) (26,873) (22,6S6) (14,89s) (3,372)
—----— ——- -— ——— --- — -  - - - - - - - -  ———— --------
$564,057 $530,984 $S00,069 $473,544 $448,873 S426,749 S407,092 $390,079
-------- ---------------- ---------------- -------- -----—--------- -------- -------- -------- -------------—-  -------- -------- --------

——— .—



Option A

1RALUIT6REENHOUSE

PROJECTED DEPRECIATION
FOR THE FIRST RYEARS

(Unaudited -See Notice To Reader)

‘iPTION: 7
10,OOOSQ. FT. -UITHHEATEXCHAN6E EQUIPHENT 12 HONTH SEASON

cost
JCOUNT1N6 ----

Equipment $22,500
Buildixxgs 458,800

--------
481,300

Rate
----

20Z
5Z

Year 1
--—-.

$4,500
22,940

-------
27,440

Year 2
------
$3,600
21,793
-----
25,393

Year 3
-----
$2,880
20,703
—----
23,583

Yew 4
-—---
$2,304
19,668
—-—--
21,972

Year 5
------
$1,!43
18,685

------
20,520

Year 6
.-.—
$1,475
17,751
--—
19,226

Year 7
—----

$1,180
16,863

-----—
18,043

Year 0
------

$944
16,020
--—-—
16,964

4,155
-------
$21,119
----------------

i4eat exchange 119,000
--------
$600,300
----------------

5Z 5,950
-------
$33,390

----------------

5,653
-------
$31,046

----------------

5,370
-------
$20,953
.---------.-----

5,101
-------
$27,073
----------------

4,846
-------
$25,374

----------------

4,604
------.
$23,030

-----—--------

4,374
-------
$22,417

.-.-------------

TAX (C.C.A.)
\ Equipsent $11,256
, Buildings 2~9,515

--------

20Z
5Z

$1,126
5,738

-—----
6,864

$2,026
!1,189

--—---
13,215

$1,621
10,629
—-—
12,250

$1,297
10,098

—-----
11,395

$1,037
9,593

—-----
10,630

$B30
9,113

- — -

9,943

$664
8,658

-------
9,322I 240,771

233
----—

29,765
-------
$36,629

----------------

14,882
- - - - - - -

$28,097
--------- - - - - - - -

7,441
-------
$19,691

--------.-------

3,721
-------
$15,116
.-------.-------

1,860
-------
$12,490

--------------.-

930
-.-—-

$10,873
----------------

465
.------
$9,7B7

-----.--.-------

~ Heat exchange 59,529
--------

$300,300
----------------

50Z

$8,989
----------------

.

OVERNHENT  ASSISTANCE
Equipment $11,244
Buildings 229,285

—------
240,529

$1,439
10,347

11,786

$1,151
9,829

---—--
10,980

S921
9,338

—--—-

$137
8,871
--—

9,608

$590
8,427

—-—-
9,017

$472
B,006

—--—
8,478

20Z
5Z

$2,249
11,464

--—---
13,713

$1,799
10,891
—-—
12,690 10,259

2,186
-------
$11,203

----------------

2,0n
---.—
$10,555
------—.-------

2,B25
-------
$15,515

----------------

2,684
-------
$14,470
.---------------

2,549
-------
$13,529
----------------

2,422
-------
$12,681

.---------------

2,301
----—-
$11,909

--------.-..----

Heat exchange 59,471
--------

$300,000
--------------.-

5Z 2,974
--.----
$16,6B7

----------------

——



Option A

LOAN AMORTIZATION SCHEDULE ol=t 11, 198a
H,:lr  r o wer : I~A1-LJIT GREENHOUSE Descriptlm  :LOAN
m der : :
r i n c i p a 1 : 1 (:)(:)3(](:)  ● (](:) F’aymen t : 1 6 1 4 . 0 0  p a y a b l e  e v e r y 1 mt:,nt}~ ( s )

I n t e r  est r a t e  :  1 : .  0 0 0 0 f~c,mpl:,un ded ever y 6  month (s)
t a r  t : 1‘3a5\03Jo I

D a t e
1 . Mar 2’8 1‘38’3
9>. Apr :a I 90s3
~. May 28 l’sa’~
4. Jun 28 1’38’3
e~ .  Jul 28 1’38’3
6. AUCJ 2 a  1’38’3
7 .  Sep 28 1’38”3
8 .  Oct 28 1989
9 .  N12V za 1’38’3

lo. De,= 28 1989
1 1 . J a n  2 a  1’3’30
12. Feb 28 1‘3’30

S u b  Tot al

M a r  28
Apr 28
May 28
Jun 28
Ju1 28
hg  28
Sep 28
O,zt za
N,OV  2’8

De,=  28

Jan 28
Feb 28

1“3’3(:)
1 ’390
1‘3’3(>
1 ‘3°30
1‘3’3(3
1‘3’30
1 ‘39(3
19’3(:)
I 9’3(3
1‘3”3(:)
1‘3”3 1
1 .~,~ 1

Sub Tclt al

2 5 .  M a r  28 1 ’ 3 ’ 3 1
26. Apr 28 1’3’31
27. May 28 1’3’31
zs. Jun 28 1 ’ 3 9 1
29. Jul 2 8  1’391
30. +$ug 28 1’391
31. Sep 28 1  ’ 3 9 1
32. 0,: t za 1991
~~ . Nuv 28 1’3’31
34. Dec X3 1’3”31

1st : 1‘3a’3/os/28 L a s t  : 1‘3’37/0’2/’28 Mat ur i t y : l’3”37/(x2/2a

Inter est F’r i n!: i Pal
%8. 38
’37 1.53
‘%3. 26
’358  .92
,35Q .54
5’46  .08
933. 5G
9 3 2 . 9 8
9X. 34
91’3. 63
1312.95
9(:)15 . ()1

1 12(](> . (3’3

8’3’3. 10
8$32.12
8 8 5 . 0 8
8 7 7 . 9 6
8 7 0 . 7 8
8 6 3 . 5 3
8 5 6 . 2 0
848. al
8 4 1 . 2 4
833. 9(:)
8~&. 1 ~
a 1a. m

1 (3312. 41

a 10.74
a(]z. 9(:) -
7’34. 98
786. 9’3
77a. 92
7 7 0 . 7 7
7 6 2 . 5 4
754. ~~
7 4 5 . 8 4
7 2 7 . 3 7

745. (32’
6 4 2 . 4 7
64a. 74
6 5 5 . 0 7
6 6 1 . 4 6
6 6 7 . 9 2
6 7 4 . 4 4
6 8 1 . 0 2
6 8 7 . 6 6
6 9 4 . 3 7
7 0 1 . 1 5
707, “39

81157.91

714. ’30
7 2 1 . 8 8
72a. 92
7 3 6 . 0 4
7 4 3 . 2 2
7 5 0 . 4 7
737. ao
7 6 5 . 1 9
772..66
78(-) ~(-)..-.
7a7. 81
755. 5(]

9(]54. 59

a(>3. 26
8 1 1 . 1 0
8 1 9 . 0 2
8 2 7 . 0 1
8 3 5 . 0 8
8 4 3 . 2 3
8 5 1 . 4 6
8 5 9 . 7 7
8.58.16
8 7 6 . 6 3

Bal anr e
‘3 ”3!554 . ?/8
98’311 . ’32
3 8 2 6 2 . 1 8
97(508. 11
‘36’346 . S4
9 6 2 7 8 . 7 2
95 G(j4. 2“3
94.3;.3 . ;97
9 4 2 3 5 . 5 1
9 3 5 4 1 . 2 4
“32840 . 0’3
’32 122. (Y3

’314 17. 1’3
‘306’35 .31
8’3%6 . 3’3
ag~~(>. GS
884S7 .13
8 7 7 3 6 . 6 6
86’378 .86
a6212 .67
a5441.  02
846150.82
a3872 .00
as(377. 5(:)

9~~74 . ~~

a146a.  14
8 0 6 4 4 . 1 2
7 9 8 1 7 . 1 1
78’382 .03
78138. 8(1
7 7 2 8 7 . 3 4
7 6 4 2 7 . 5 7
7 5 5 5 3 . 4 1
7 4 6 8 2 . 7 8



Option A

LOAN AMORTIZATION SCHEDULE act 11, 1’369
~,~y y ,~~e~ : IW$LUIT GREENHOUSE Desicriptim  :LOMJ
.ender : :
‘r i n i= i pal : 1 tj[j~(:)[~j. (j[j F’dym=nt : 1.614.00  p a y a b l e  e v e r y 1 mc,nth~s:)

I n t e r e s t  r a t e  :  12.(:)(3(X:) l~c}mpnunded  e v e r y 6 mmnt h Cs:)
~t ar t : 1‘38’3  / 0S / 01

D a t e
-CJd. J a n  28 1’3’32
36.  Feb 28 1992

S u b  Tcit  al

2 7 .  M a r  28 1°3’32
S8. Apr 28 1‘3’32
2 9 .  M a y  28 1’3’32
4(>  ● Jun 2S 1992
4 1 . Jul 28 1‘3”32
4 2 . kg 28 1‘3’32
42. Sep 28 1’3’32
4 4 . u,: t ~a ~9*3~
43. N,IV ~1 1.3,32
4 6 .  Dec 28 15’32
4 7 .  J a n  28 1“3’32
4 0 . Feb 28 1‘3’33

S u b  Tc,t  al

49. M a r 28 1,~.~~

50. Apr 28 1’3’32
51. M a y  28 1’3’32
!=J~ . Jun 28 1‘3’32
e-~a .  Jul 28 1‘3’33
54. klq 28 1’3’SS
5 5 . Sep 28 1’3”3S
56. Oc t 28 1’3’3S
5 7 .  NCIV  28 l’~’~~

5 8 .  Dec “28 19’32
5’3. J a n  28 19’34
6(> . Feb 28 1’3’34

S u b  Total

6 1 . M a r  28 1 ’394
6 2 . Apr 28 1 9 9 4
6S . M a y  28 1 9 9 4
6 4 .  Jun 28 1994
6 5 .  Jul 28 1’3’34

1st : 154854 /(:)S/33 L a s t : 1‘3’37/(:)~/~8 Mat ur i t y : 1‘3’37/(:)2/2’6

Inter e~t F’r 1 n,: i Pal Hal anc e
7 2 8 . 8 1
7 2 0 . 1 8

‘31 94.26

7 1 1 . 4 5
7(j2. E&j
6’33 .75
6 8 4 . 7 7
675. 7(3
6 6 6 . 5 5
(557 . w:)
647. ’36
6 3 8 . 5 4
6~9_  (]I
El1‘3 .40
6(j’3 . 7(:)

7’33.5 . 7’3

5’3’3’ . ‘3(>
S’30 , (j(:)
58(:) . (:) ~
569. ’32
55’3 .73
54’3 .44
52’j. (]5
5 2 8 . 5 5
5 f 7.97
.5(>7 . “27
4’36 .47
485 .57  “

6522. 8’3

4 7 4 . 5 6
4 6 3 . 4 4
4s2 .21
44(1 .87
4 2 5 . 4 2

885. 1“3 737”37  . 5’3
8’3G . 8“2 72’303 .77

1 0 1 7 3 . 7 4

g(~z .55
9 1 1 . 2 5
g~(j. ~~
9 2 3 . 2 2
9S8. 20
9 4 7 . 4 5
’356 . 7(3
‘366. 04
’375 . 4!5
984. ’38
‘3’34 .60

1 (>(34 .30

1 1 4 3 1 . 2 1

1 0 1 4 . 1 0
1 (>”24.  O(j
1 (]23 .99
1 0 4 4 . 0 8
1 0 5 4 . 2 7
1 0 6 4 . 5 6
1074. ’35
1 0 8 5 . 4 4
109.5.02
11 (36. 72
1 1 1 7 . 5 3
1 1 2 8 . 4 3

1 2 8 4 4 . 1 1

1129. 4+
1 1 5 0 . 5 6
1161. 7’3
i f 73. i 3
1 1 8 4 . 5 8

733(>  1. ~~
71 (>8”3  .86
7(j115’3 ● 62
6’3240. 39
68302. 0’3
6 7 2 5 4 . 6 4
66297. ’34
6!5431 . ’30
6 4 4 5 6 . 4 4
6 3 4 7 1 . 4 5
6 2 4 7 6 . 8 6
61472. 5&

15(3458 ● 45
55434. q~
5 8 4 0 0 . 4 7
5 7 2 5 6 . 2 8
5 6 2 0 2 . 1 1
55~~7 .55
541 62’. 61
52(377 . 17
5 1 9 8 1 . 1 4
5(2874 .41
4’3756 .88
4 8 6 2 8 . 4 5

47489. (3(2
46S28. 44
4 5 1 7 6 . 6 5
4 4 0 0 3 . 5 2
42818. ’34



I
Option A

LOAN AMOl?TIZATIOP~  SCHEDULE o,~t  11, 15+88
:! r r o ki e r : IL! ALUIT IX? EENHOUSE Descrictimn :LO+4N
?nder : :
- i n,: i p a 1 : 1 [:1(:)2(:)(:). (3(> Payment : 1614.(30  p a y a b l e  e v e r y 1  mrlnth(s)
Iterest r a t e  : 1‘z . 0(>(>(:) i~:,:lmp,:)unded e v e r y 6 mcmt h (s 1
: ar t : 1‘2f3’3/ !:)3 /(:) 1 1 St : lg8’~/;:)~,/~8 Last - : 1‘3”37/(:)2/’28 Mat ur i t y : 1’3’37/02/28

Date
;6.  ~U~ 33 19%$

37. Sep 28 1’3’34
38. Oc t 28 1‘3’34
39. N,:,v  28 l’~g~

70. ~~,: 28 1 ‘ 3 ’ 3 4
7 1 . J a n 28 1‘3’35
7 2 . Feb 28 1‘3’35

Sub Tl~tal

7 3 .  M a r  28 1‘3’3!3
7 4 .  Apr 28 1’3’35
75. May .28 ~ ,3.~S

7 6 .  Jun 2’8 19’35
7 7 .  Jul 28 1‘3’35
7 8 .  lklg 2’8 1‘3’SS
7’3 . Sep 28 ~ ,395
8(> . 01: t 28 1995
81. N,~v 28 1’3’35
8 2 .  Dec 28 1’3’35
03. J a n  28 1’3’36
8 4 .  Feb 28 1 9 1 3 6

Sub Tct al

8 5 .  M a r  28
86. Apr 28
8 7 .  M a y  28
8 8 .  Jun 28
8’3 .  Jul 28
‘3(3. (%QI 28
51. Sep 28
92. o,~t  28
9 2 1 .  NCIV 28
9 4 .  Dec 28
9 5 .  J a n  28
’ 3 6 .  Feb 28

1‘3’36
1 ’396
1‘39EI
1‘3’36
1‘3’36
i ‘3’36
1‘3’36
1‘3’36
1‘3”36
1‘3’36
1997
1‘3’37

Sub Tot al

Inter est F’r i n c i p al
417.86
406. 1’3
334.40
3)82 . S(>
370.48
358. 25
246. (J’3

4936. 2EI

3 3 3 . 7 2
321  ●  23
3[>8 .61
2’35 .87
2S2 . (> 1
270. (>2
2 5 6 . 9 0
2 4 2 . 6 6
~~1-J-  Z*3
21 G .78
203  ●  15
18’3. 38

3 1 5 2 . 6 1

1 7 5 . 4 8
1 6 1 . 4 4
1 4 7 . 2 6
1 32?. 95
118. 5(2
I (>2 . ‘3(]
8’3. 17 -

74. 2’3
5 9 . 2 6
44. 0’3
2 8 . 7 7
1 2 . 3 0

1 1 4 8 . 3 9

11;36 .14
1207 .81
12 1“3 . 6(:)
1231. 5(3
1 2 4 3 . 5 2
1255. E15
1 267.“31

1 4 4 3 1 . 6 4

1 ~ao  . ~s
12’32 ● 77
1 S(>S .35
1 2 1 6 . 1 3
1 32(], 9’3
1343. ’38
1 3 5 7 . 1 0
1 3 7 003 4
1383.71
13’37. 22
1410. 8S
1424. ES

16215. 3’3

14~B .52
145~. ~~
1 4 6 6 . 7 4
1481. OS
14’35 . 5(2
1 5 1 0 . 1 0
15224.83
153”3 .71
1 5 5 4 . 7 4
1565. ’31
1 5 8 5 . 2 3
1 6 0 0 . 7 0

ls~19. 61

Hal anc e
4  16.?? 8(>- -  .
40414. “3”3
3“3 195. 3“3
37963 .  8’3
3 6 7 2 0 . 3 7
25464.  7“2
341 ’36 .81

32’31 6.53
3 162’2 . 75
3(33 18.26
2’3(]0(:) . “24
2766’3 .24
~~~~~-  26
~4’368 . 16
2S5’37 .82
22214 .  11
20816.  8s3
1‘3406 .04
1 7 9 8 1 . 4 2

16542. “3(:)
150’30 .24
1262S . 6(3
~ ~ 142. !=J~
1 (>647 . (>5
3136. ’35
7 6 1 2 . 1 1
6 0 7 2 . 4 0
4 5 1 7 . 6 6
2’347. 74
1 3 6 2 . 5 1
-X38. 1’3



VE:F ~ , -,fi +L,=r, w? ? y~:; : YEN ?
y~,- : ,,r,  - 1  -1

,. , -:?. - ; ~,.,,,, ;

-.---- ------ ------ ------ .----- ----.- ------

$60,6s2
:7,750
M, :27

--------
1!4, :s?

-.------

$66 q?
!< -

4:, EN
:8, : :!!

--------
pg,s:~

------.-

$70,247
41, 70:
:9, O:E

--------

1:2,?64
--------

$7:,759
45, UE
!9, %7

--------
1:?, $:2

--------

R, 693
4, 0!7‘1 WC

4, - - -

- - - - - - - - --------

67,971
--------

7g, $2:
--------

--------

38, 7 ! 6
--------

--------

E i , m
--------

----  ----

6+, 735
---------------

67, ~:~
------------------------

!,050
+!, 438

1)

25,:?3
-------
!’!?  y!!..+-,

- - - - - - -

!7:,857)

A~.

- - - - - - -

($2! , ::;:.
-----.-- - - - - - -

0
-------

($:C,2?9!
--------------

0 0
-------

(\5C,  6+3!
--------------

.4 0
-------

($::, 9S6)
.-..----------

~
-------

[$41, E:2:
--------------

-------
f $:~ , ?:::
- - - - - - --------

-------
($~- fjc-l\

.4,  ,  d { !

-------- - - - - - -

— —— .-



<v.,”

.-



.“ ,, ,,. ? .---, ..-”4  .:7

. ..?.  - . :.-.:: . . . .

$1:4, :Si
43,701
:?, !!E

--------
!75, ?6s

.-------

$119,8:9

,~ a : ..
. . . . . .

-------- ..------ -------- .--.------------
115, :O!

-------- -------- .-.---.-.----.-- --------

,-1 -C:y
?/ ,  ;4.

3, li?
- - - - - - - -

S0,!67
--------

~, <t?.*, .,7-
--------

----------------
q iy-, ... -

--------
‘ .3,: , ,-
.:; . , -?:

- - - - - - - -

----.---

----------------

::, 75?
:, ~~;

9
? LICE
W,tiw

: , $~:

4, s’::
:,341
:, E?!
1,34!
:,scg
1E,92

1)
22,417

-------
107,642
-------
13,020

0
-------
$!:, 020
--------------

, *4 c., -..

X,:7: 21, 1!?
-------

97, E6:
-------
N, :):2

.------ —-----

124, 6i2
.------ -------

o 9
-------

[$27,66?)
----------.---

0
---- ---
(\:, &57)
--------------

fi
‘,

- - - - - - -

($:?, ‘?07!
--------------

0
-------

($3?, :x)
-.-----.------

-------.------ -------

$2? , 0:2
- - - - - - -- - - - - - --------------- --------------



!$52, 907)
o

-- JyyW, u. o
(49, 990!

--------
($75, 417)

o
--------
($75,:!7)
--------- - - - - - - -

,*+6 AT,*
..--2, . i 7 !

- - - - - - - -

[ $X3,:;?:
----------------

r~gq f~~; /~ce  70CI (~y),l)z:) (481,6X);-.,.,  A ,“-4, 1 4“/
-------- -------- -------- --------

($:s:,7?;:  ($420,0::} ($481,66:: ($::2,3s5:
- - - - - - - -  :=:=====  ------------..--..------ ----------.-----



.,,:. ,-. .,!

..!! -.7 . . .
c -
. .,

138,:90
------------------------

!@es and hen 4s,000
Grouiog suppl 3,540



I

‘fEM i -s..yc~p : Y!;? ? ,‘,’::~, * ‘ICJ2 = ‘1:.:: ~. . . . . . YEAP 7 ‘YEAR ?
------ .----- ------ ------ ------ ------ -..--- ------

$IQJ4!)

34,242
14,900

--------
1:8,590

--------

$:1 4, :3:
,“ 7..-:, ‘. +,. .
!~ :!f. ., . . .J

.-------
:i$,~~g

.-------

$1 :3, S:?

q:,~g$

19,367
..------
!FJ!l,7i2

--------

$:25,  K:
48,1N
213, ?E5

-- -. ----
i?4, ?!7

--------

y, 75~

lE, 42?
--------

W, 7E5
--------

54,639
4,203

--------

59,002

45,000
3,5$9

--------
:, 0%’

--------
<? $!.J”,..i 6

--.-----

--------

6S,050
--------

:~o, ~E~
--------

--------
!4 d 0!:.
..?,  ..*

-----.--

--------
,6, *?6.v*,.M-

--------

--------
: (jq , ~::

--- -- ---

39, :::. .
----------------

:6, 3::
* ,,7
L, ??/

59,770
:, 986
1,608
4, 5’3i
,*<

.4lt~ i
4,631

1 ,24:
1, :~.;

15, i 14

0
18,043

-------

151 ,:93
-------
(30,731 )

o
-------

($:0, 72: !
--------------

, 8S?

-------

164,968
------ -
!65, $99)

o
-------
($55,699)
--------------

o 0
-------

($49, 624;
.-------------

0
-------
($qlsgl)
--------------

0
-------

($19,?!:?
--------------

Ij
------ -

($72,975)
--------------

-------

--------------

—— ——



4 :qt !??)
$,

(:~~,:g:)  (27:,!:5; J-C? Qofl:...,...7 ,..WV., ..., (45$,741) (545,332) (625, ’?03:
-------- -------- -------- -------- -----..- ------.- -------- --------
t ,’ .--,3! . . , . . ’ ! [$x,lW ($273,136) ($2E2,9W)  ($4S4,7+1) ($545,392) ($625,90S) ($7:S,%:
-------- -----------.---- -------- -------- -------- ---------------- -------- -------- ---------------- -.------ -------- -------- .--.----

—



IL! ALUIT GI?EENHOUSE

OFEMTING FI?OJECTIONS
<Unaudited - See Nl~tice tl~ Reader )

FOE THE FIRST EIGHT YEARS

OFTION B



Option B

IQALUIT6REENHUUSE

PROJECTED OPEN1N6 BALANCE SHEET
(Unaudited - See Notice To Reader)

i

ASSETS

FIXEO
EquipSent
Buildings
Heat exchdng@equip~ent

LIABILITIES kEQUITY

SHAREHOLDER LOAN

I
60VERNHENT6  RANT

[
LON6TERH  DEBT

{

$22,500
458,800
119,000

--------
$600,300
----------------

$0

380,000

220,300
--------
$600,300
----------------



Option  B

IQALUIT6REENHOUSE

PROJECTED INCOlfE
FOR THE FIRST 8YEARS

(Umaudited - See Notice To Reader)
OPTION: 7. . . -- -- . . . . . . . . . . . . . . . . . .- . . . . . . . . -------
I0,000W.  FT. - IAITH HEAT EXCHAN6EERIJ1PRENT  12 RUNTH  5iEtWlN

REVENUE
Lettuce
lo~ato
Cucusber

C05t of 5a1e5
Mages and benefits
Growing wpplies

Gross sargin

EXPENSES
Electricity
Hater
Oil
Repairs and maintenance
Miscellaneous
Property taxes
Professional fees
Insurance
Office
Telephone
Interest onL7D
Amortization of grant
Depreciation

INCOffE BEFORE TAXES

INCOffETAXES@25Z

NET INCOHE

NET INCOHE
Depreciation
Amortization
C.C.A.

TAXABLE INCOHE

YEAR 1
------

$89,440
34,240
14,900

--------
138,580

--------

45,000
3,540

----—
48,540

--.—-
90,040

—--—-

33,400
1,825

0
2,900
1,200
3,500
1,000
3,500
1,000
1,200

24,599
(21,136)
33,390
—-----
86,378
-.-—-

3,662

0
- — -
$3,662
---—---------

$3,662
33,390
(21,136)
(26,871)
-------
($10,955)
--------------

YEAR2
——-

S93,9!2
35,952
15,645

-------
145,509

--------

47,250
3,717
——

50,967
- - — -

94,542
———

35,070
1,916

0
3,045
1,260
3,675
1,050
3,675.
1,050
1,260

22,650
(19,652)
31,046
-—---
86,045
-—----
8,497

0
— - -
$8,497
——-------—-

$8,497
31,046
(19,652)
(20,612)
-—----

($721)
.-------------

YEAR3
------

$98,608
37,150
16,427

--------
152,785

--------

49,613
3,903

- - — -
53,516

---—.-
99,269

- - — -

36,824
2,012

0
3,197
1,323
3,8S9
1,103
3,839
1,103
1,323

20,190
(18,328)
28,953
—---
85,418
------
13,851

0
—-----
$13,851
-------------

$[3,851
28,953
(18,328)
(14,446)
-------
$10,030
----------.---

YEAR4
- - - - -

%103,538
39,638
17,248

— - -

160,424
- - - - - -

52,094
4,098

— - -

56,192
— - - - - -

104,232
— - - -

38,665
2,113

0
3,3s7
1,389
4,052
1,158
4,052
1,158
1,389

17,427
(17,137)
27,073
------
84,696
-----
19,536

4,185
—----
$15,351
--------------

$19,536
27,073
(17,137)
(11,088)
-------
$18,384
--------------

YEAft5
------

$108,715
41,620
18,110

--------
168,445

--------

54,699
4,303

--------
59,002

- — - -
109,443
—-—--

40,598
2,219

0
3,525
1,458
4,255
;,2!6
4,255
1,216
1,458

14,321
(16,063)
25,374

-------
83,832
-------
25,611

6,440
A-—--
$19,171
--------------

$25,611
25,374
(16,063)
(9,163)

-------
$25,759
--------------

YEAR6
------

$!14,151
43,701
19,016

--------

176,868
--------

57,434
4,518

-——---

61,952
- - - - - - -

114,916
--—----

42,628
2,330

0
3,701
1,531
4,468
!,277
4,468
1,277
1,531

10,832
(15,083)
23,830

-------

82,790
-------

32,126

8,224
- - - - - -

$23,902
--------.—---

$32,126
23,030

(15,083)
(7,977)

-------
$32,896
--------------

YEAR7
.-----

sl19,e59
4S,886
19,967

--------
185,712

--------

60,306
4,744

.---—
65,050

--—---
120,662
- — — -

44,759
2,447

0
3,886
1,608
4,691
1,341
4,691
1,341
1,608
6,911

(14,191)
22,417
--—--
81,509

-------
39,153

10,050
.--—--
$29,103
--------------

$39,[53
22,4!7
(14,191)
(7,179)

-------
$40,200
-.------------

YEAR8
------

$125,852
48,180
20,965

--------
194,997

--------

63,321
4,981

------
68,302
---—
126,695

-------

46,997
2,569

0
4,080
1,688
4,926
1,408
4,926
1,408
1,688
2,505

(13,368)
21,119

------.
79,946

-------
46,749

11,976
-------
$34,773
--------------

$46,749
2!,119

(13,368)
(6,595)

-------
$47,905
--------------



IWJ[T6REENHOUSE

PROJECTED CASH FLOU
P3RTHEHRSTE YEARS

(Unaudited -See thtice  To Reader]

PTION: 7
10,OOOSQ. FT. -UITHHEATEXCHAN6E  EQUIPMT  12 HONTH SEASON

—.. ——

Year 1
--—-

Net Incoae $3,662
Amortization (21,136)
Depreciation 33,390
LTD principle (17,953)

--------
FromOperations (2,037)

Opening cash o
------—

Closing cash (%2,037)
----------------

Year 2
------

$8,497
(19,652)
31,046
(19,902)

--------
(11)

(2,037)
--------
($2,048)

----------------

Year 3

$13,851
(18,328)
28,953
(22,362)
.—

2,114

(2,048)
--------

$66
----------------

Year 4
-----

$15,351
(17,137)
27,073
(25,12s)
---—--

162

66
--------

$228
---------------

Year 5
------

$19,171
(16,063)
25,374

(20,231)
.---—-

251

220
-----—

$479
----------------

Year 6
------

$23,902
(15,083)
23,830
(31,720)
-—---—

929

479
--------

$1,408
----------------

Option B

Year 7
------

$29,103
(14,191)
22,4!7
(35,641)

—------
1,688

1,409
--------

$3,096
----.-----------

Year 8
...---

$34,773
(13,368)
21,119
(39,366)

-------.
3,158

3,096
--------

S6,254
----------------

-



Option B

IRALUIT6REENHOUSE

PIU3JECTED BALANCE SHEET

AS AT YEAREND
(Unaudited -See 140tice To Reader)

OPTION: 7
10,OOOSQO n. -HITHHEATEXCHAN6E  EQUIPIIENT 12 HONTH SEASON

YEAR ! YEAR2 YEAR3
------ ------ --—-

Assm

CURRENT
Cash ($2,037) ($2,048) $66

FIXED
cost 600,300 600,300 600,300
Accumulated depreciation (33,390) (64,436) (93,389)

—------ ------- - — — -
566,910 S3S,864 506,911
------ —--—- -—
$564,073 $533,816 $506,977
--- —-- ==:~=== ---—--------- ---—-

YEAR 4 YEAR 5
.--—- .-...-

600,300 600,300
(120,462) (145,836)
.----—- -------
479,a30 4S4,464
------- --------
$480,066 $454,943
-------- ----.-----.----- -—-----

YEAR6
— - -

$1,408

600,300
(1S9,666)
. . - — -
430,634

- - - - - -
$432,042

YEAR7
.-----

$3,096

600,300
(192,003)
--—
4oa,217
------
$411,313
—--.-----------

YEAR a
.-----

$6,254

600,300
(213,202)
-------
3a7,09a

--------
$393,352
----------------

LIABILITIES kEQUIIY

SHAREHOLI)ERS LOAN

60VERNHENT ASSISTANCE

LON6TERH  DEBT

!0 $0 $0 $0 $0 $0 $0 $0

358,864 ~39,212 320,8a4 303,747 2a7,684 272,601 2sa,410 245,042

202,347 182,445 160,0a3 134,958 106,727 75,007 39,366 0

RETAINED EARNIN6S 3,662 12,159 26,010 41,361 60,532 84,434 113,537 t4a,310
-----— ------- -—— ———- --—--- —- --------
$S64,f173 $533,816 $S06,977 $480,066 $454,943 $432,042 $411,313 $393,3S2
-------- -------- ====~= -------- -------- —-- --—---- --.------------- ------- -------- -------- -—--- —---— --------

——



Option B

IRALUIT6REENHOUSE

PROJECTED DEPRECIATION
FOR THE fIRSTE YEARS

(Unaudited -See Notice To Reader)

PTION: 7
10,OOOSQ. FT. -HITHHEAT EICHAN6EEQUIPHENT 12 HONTH SEASON

Rate
----

201
St

Year 1
.-----

S4,500
22,940

-------

27,440

Year 2
—----
$3,600
21,793

-------
2S,393

Year 3
-----
$2,880
20,703
.--——
23,503

Year 4
-----
%2,304
19,660
-—---
21,972

Year 5
------

$1,843
19,685

------
20,528

Year 6
------
$1,475
17,751
----—
19,226

Year 7
-----
$1,180
16,863

-----—
18,043

Year 8
------

$944
16,020

-----—
16,964

cost
ACCOUNTIN6 ----
Equipment $22,500
Buildings 458,800

--------
481,300

Heat exchange !19,000
--------

$600,300
----------------

5Z 5,950
-------
$33,390

-------J--------

5,653
-------
$31,046

----------------

5,370
-------
928,953

--------.-------

5,101
-------
$27,073

----------------

4,846
-------
$25,374

----------------

4,604
-------
$23,830

----------------

4,374
-------
$22,417

---.------------

4,155
----.—
%21,119

--------.-----.-

TAX (LC.A,)
Equipsent $8,257
8uildings 168,372

---—--
176,629

201
51

$826
4,209

—-----
5,035

$1,486
8,208

-------
9,694

$1,189
7,798

--—--

8,9a7

$951
7,40a

---——
8,359

$761
7,037

-.-----
7,79a

$609
6,6a6

---——
7,29s

~4a7
6,351

-------
6,83a

$390
6,034

---—
6,424

Heat exchange 43,671
--------

$220,300
----------------

50Z 2!,836
-------
$26,871

----------------

10,918
-------
$20,612

--------.-------

5,459
-------
$14,446

--------.-------

2,729
—-----
$11,088

----------------

1,365
-------
$9,163

----------------

682
---.—-
$7,J77

----------------

341
-------
$7,179

----------------

171
-------
$6,S95

----------------

iOVERNHENT ASSISTANCE
Equipaent $14,243
Buildings 2~o,42a

-—--—
304,671

201
5Z

$2,849
14,521

-----—
17,370

$2,279
13,795
———-
16,074

51,a23
13,106
——
14,929

$1,458
12,450
---——

$1,167
ll,a28
--—-
12,995

$933
11,236
---—
12,169

$747
10,675
.—-—
11,422

$591
10,141
———
10,73813,908

Heat exchange 75,329
--------
f3ao,ooo
----------------

5Z 3,766
-------
$21,136

----------------

3,578
-------
$19,652

----------------

3,399
—----
91a,328

----------------

3,229
-------
$17,137
----------------

3,06a
-------
$16,063

----------------

2,914
---—--
t15,0a3

----------------

2,769
----—-
$14,191

-----.----.-----

2,630
-------
$13,36a

----------------



Option B I

LOAN AMOE:TIZATION  SCHEDULE oCt 11, 1’388
~i:,r r ,:,wer : IC!ALU IT WEENHOUSE Descriptim :LOAN

end er : :
r r i n C i p a 1 : ‘:’ ”=’(”) ~1-)(:)  . <)(:)- -  .  4 . F’a ymen t : S546.00  p a y a b l e  e v e r y 1 month (s)
I n t e r  est r a t e  :  1 2 . 0 0 0 0 f~,~rnp  ,:,un  Cf=d  e v e r y 6 mcfnt }1 (s)

tar t :  1 ’ 3 8 ’ 3 / 0 3 / 0 1
. - - - . . . - . - - , . . .- ---- . . . . .- . --- . . , . i . . . . . . . . , ----- # .--

D a t e
1. Mar 28 1’38’3
T-. Apr 28 1’38’3
3. M a y Z8 1’38’3
4. Jun 2’8 1‘38’3
S .  Jul 28 1’389
G. Augl 228 1989
7 .  Sep 28 1’38’3
8 .  Oct 28 1’38’3
‘3. fhv 28 1 ’ 3 8 ” 3
10. Dec 28 1’389
1 1 . J a n  28 1’3’30
12. Feb 28 1’3’30

S u b  Total

13.
14.

I 15.
16.
1 7 .

M a r  28 1‘3°30
ApY 28 1’343(3
May 28 1’35(1
Jun 28 1’3030
Jul 28 1’39(:)
Auq 28 19’3(:)
Sep 28 1‘39(:)
OC t 28 1’3’3(:)
NIZV 28 1 ,3.3(:)
DeC 28 1’39(:)
J a n 28 1‘3’31
Feb 28 1’3’31

I S u b  Tutal

-c=~. M a r  28 1 58 3 1
26. Apr 28 1591
27. Play 28 1 9 ’ 3 1
28. Jun 28 1 9 9 1
29. Jul Z8 19131
3 0 .  AUg 228 lggl
31. Sep 28 1%1
3 2 . Oct 28 1’3’31
33. Nov 28 1 9 ’ 3 1
W. Dec  28 1  ’391

Inter est
1307.  S2
2’13S  .87
~ 1 2(>. (3’3
21 ~)~. 18
~og”~ . 1 ‘~
2077. ’34
2063. El 1
204”3 . I 4
2(]34 .54
201 ‘3. 79
2004. 8’3
1‘38’3 .85

245’3’3 .34

1’374. 67
1 !359 . ~Q

1’343. 85
1 9 2 8 . 2 1
1 9 1 2 . 4 3
18’36. 48
1 8 8 0 . 3 9
1 8 6 4 . 1 2
1 8 4 7 . 7 2
1 8 3 1 . 1 5
1 8 1 4 . 4 1
17’37• 51

2 2 6 5 0 . 2 7

1 7 8 0 . 4 5
1 7 6 3 . 2 2
1 7 4 5 . 8 2
1 7 2 8 . 2 5
1 7 1 0 . 5 2
1 6 9 2 . 6 0
1 6 7 4 . 5 2
1 6 5 6 . 2 5
16S7. 81

F-r i nc i pal

1638.67
1412. 1s
1 4 2 3 . 9 1
1 4 3 9 . 8 2
1 4 5 2 . 8 8
1 4 6 8 . 0 6
1482. 3“3
14% .86
1 5 1 1 . 4 6
15“26 . ~ 1
1 5 4 1 . 1 1
1 5 5 6 . 1 5

17’352 .66

1 5 7 1 . 3 3
158.5.67
16(>2 .15
1617. 7°3
16S2 .57
1 6 4 9 . 5 2
1 6 6 5 . 6 1
1 6 8 1 . 8 7
1 6 9 8 . 2 8
1 7 1 4 . 8 5
1731. 5’3
1 7 4 8 . 4 9

1 ’3901 .73

1 7 6 5 . 5 5
1 7 8 2 . 7 8
1 8 0 0 . 1 8
1 8 1 7 . 7 5
18%5. 48
1 8 5 2 . 4 0
1 8 7 1 . 4 8
1 8 8 9 . 7 5
1’308. 1’3

1619. 1’3 1’326. 81

13al ant= e
2 1 8 6 6 1 . 2 2
~17~4’3 ● Z()
.21 58~’3 ..2.3

214s83• 4(5
~ 1 ~*3~9 . ~g
2 1 1 4 6 1 . 5 3
2(y397’3  . 12

‘8208482. L
2 0 6 ’ 3 7 0 . 8 1
205444. f50
~(]3”3(:)~  . 4’3
2(32s47 .34

2 0 0 7 7 6 . 0 1
1“3’3 18“3 .34
1’37587. 19
1‘35’36’3 ● 40
1“34335  .83
1%2686. 31
1”3 1 (:)ZO. 7(3
18’3238 . 8S
1 8 7 6 4 0 . 5 5
185:3”25 . 6’3
184194.1 (:)
182’445  .61

1 8 0 6 8 0 . 0 6
1 7 8 8 9 7 . 2 8
1770’37. 10
17527’3 .36
1 7 2 4 4 3 . 8 7
1715’30 .48
16’37 18.99
1 6 7 8 2 9 . 2 5
165’32 1.06
163’394  .25



uptlcm  15

L0t41Q AMORTIZATION S12-iEDULE Oct  1 1 ,  1’38s
~,>r r ,~wer  : I C! A1._lJ  I T 13 F~EENHOUSE ~~=,:rlp~~,~n  :LO~N

end.er : :
r i nc i pa 1 : 220S00. 00 Payment : 3S46. (X) payab 1 e every 1 murtt  h (s)

I n t er est r a t e  :  1 2 . 0 0 0 0 ln;~mp ):Lund ed e v e r y G month (s)
‘ t a r t  : 1 ’389/ 0s / 01 1st : 1‘38’3/(33/’28 l a s t ”  : 1‘3’37 / 02/28 Mat ur i t y : 1’3”37/02/28

Date
25. J a n  28 1‘3’32
36. Feb 28 1“392

S u b  Tmtal

37. Mar .28 1‘383.2

S8. Apr 28 1‘3’32
33. M a y ~Q 1“3’3~
40. Jun 28 1’3’32
4 1 . Jul 28 1’3’32
42* Aug 28 1~~~

42. Sep 28 1*313~
44. o,= t  28 11313~
45. N!OV 28 19’32
4 6 .  Del= 28 1‘3’32
4 7 .  J a n  “28 19’32
4 8 .  Feb 28 1‘3’3G

S u b  Tl~t al

S u b  Tutal

6 1 .  M a r 28 19’34
62. Apr 28 1994
6 3 .  M a y 28 19’34
6 4 .  Jun 28 1994
6!5. Jul 28 1‘3’34

Inter est F’r i nc i p al
15(>(> . 3’3
1581. +0

201 ’30. 42

15~~ . “~~
1542.87
1523. ~~
1323.58
1483.65
1462. 52?
1442.20
14~~. 158
14(> 1. ‘3s
1381.04
1359. ‘31
1338.57

17426.53

1317.02
1 ~1~~ .28
1273. ~~
1251.14
1228.74
12(36 .12
1183.29
1160.24
11 2(5. ’36
1113.45
1(>8’3.71
1065.74 “

14221.02

1041.53
1017.09
992.41
967.49
942.32

1 ’345.61
1%4. 60

22361. S8

1 3 0 3 . 7 7
2 0 0 3 . 1 3
2 0 2 2 . 6 8
~04~ .42
2052. 35
3>8~ .48
2 1 0 2 . 8 0
~ 1 : 3 . 3 2
2 . 1 4 4 . 0 4
~ 164. 9G
2186. 0’3
~~~7 * 43

2s 12s. 47

2228. ’37
2250 .7-2
22272. S8
zZ94. 13&
2217.26
23S’3 .87
2362.71
2385.76
240”3 .04
2432.55
24S6 . 2’3
~48(3 . ZE

2S230 .98

2504.47
2528.51
2S5SI .59
2578.51
2603.67

13al an,: e
1 (53>48  .63
16(>(>84 .03

1 5 8 1 0 0 . 2 6
1560’37 .1 S
1 5 4 0 7 4 . 4 5
15~03~ . (33
14’396”3 .68
1 4 7 8 8 7 . 2 0
145784. 4(>
1 4 3 6 6 1 . 0 8
141517 ● 04
1 3 9 3 5 2 . 0 8
137165. ’38
1 3 4 9 5 8 . 5 6

13~7~9 .5,3
1 3 0 4 7 8 . 8 7
1 2 8 2 0 6 . 1 9
125’31 1.22
1235”34 .07
1 p 1 ~~q . ~(~
1 188’31 . 4’3
116!505 .72
1140’36 . 6’3
i 11664 .13
10’3207 .84
106727. S8

1 0 4 2 2 3 . 1 1
1 0 1 6 9 4 . 2 0

‘3’31+0. 61
9 6 5 6 2 . 1 1
93’358 .44



1 “ Option B

IG!ALU IT IXEENHOUSE

FE: IN12 IF’AL ASSUMF’T  IONS  TO F’17ClJEI:T IONS

FC)F THE FIl?ST  EIGHT YEARSI
I t Unaud i ted -  S e e  Nl>t i ce t o Reader  j

1 . Revenue and e x p e n s e am,z,~(nts have been  est i mat ed by pr t~.jec t  m a n a g e m e n t
for year 1. Thereafter, t}~ese est i mat es are increased 3 Z per year f ,~r
i n f 1 at i On.

~. Depr et= i at i l~n has b e e n pr  mvi ded by the de?:  1 i ni nq balance  met  hnd at the
rat es set out i n the p r m.jec t ed depr e!= i at i o n  s t a t e m e n t .

T.-J. Ammr t i z at ion m f ~,~ver nment  Assi stance has been provided by the dec 1 i n i nq
b a l a n c e  m e t  hmd a t  t h e  r a t e s  t h e  a s s e t s  qual i fyi nq f w t h e  a s s i s t  anc e  are
b e i  nq d e p r e c i a t e d , a n d are s e t cut i n t }1 e p r u jec t ed depr ec i at i on
stat ement.

I i, Revenue and e x p e n s e  amuun  ts are a s s u m e d  t  Q be r er e i  ved and paid i  n the
y e a r  i n c u r  r e d .

I j. 4,:,: el er at ecl  c a p i t a l  cost al 1 uwance fi~,r i n,z,>me tax purp,oses  h a s  b e e n  u s e d
,

f ,~r t h e h e a t e~,~ }Iang e e q u i p m e n t . I t i s  necessa ry  for the Minister o f
E n e r  qy, Mi nes and ~esc’ur  I= e= to c er t  i  f  y the equipment to qual i f y for t }7e*

I
a,:,: el er at ed rate.

.

i
1

—.. . .—



Iewlt  6NmwusE

PI?OJEITEU  MOM
~Ml THE FIRST B YEARS

(Un~uditsd  -See NOtict Tolleadw)
I@TION:  7
10,OOOW FT. -HITHHUT ElCHAN6E~QUIWUT  12 f10N1HSEA$0ti

mRl
------

YEAR2
. . . . . .

YEAR3
...0-.

YEAR+
. . . . .

YEhlls
------

Y[AR6
------

YfARO
....--

REVEW
Lsttuce
Tot*to
Cucusber

$108,11s
41,620
18,110

. . . . . . .
16e,44s

--------

8114,1s1
43,701
19$016

. . . . . . .
176,a6a

. . . . . . .

4119,439
4S,086
19,967

0-......
18s,712

. . . . . . .

$125,!s2
48,160
20,%s

. . . . . .
194,997
--....

$89,440
34,240
14,900

.—-..
138,s60
...-—

$93,912
3s,9s2
1s,645

..—-.

14s,s09
-------

098,608
31,150
16,427

..-..-.

1s2,7!3
--------

~loals3a
39,636
17,240

160,424
.--.----

Cost of sales
lhges~ndbencfits
Qrowing supplies

69,264
4,303

...--.
73,587

.....0,.
94,s38

...-.-*-

72,I4B
4,s18

..-.-.
77,266

-.-—.
99,60Z

*------

76,36S
4,144

------
S1,129

$0,204
4,9at

--------
8s,185

. . . . . .
109,812

--------

S7,000
3,s40

. . . . . .
60,340

------
10,046

. . . . . .

39,as4
3,711

. . . . . .
63,S67

— . .
81,942

--------

62,843
3,903

- - - - -
66,746

.-...0..
86,039

.—-..

63,98S
4,096

.

70,083
-.....-

90,341 104,s83
.-—-.

6rosse~rgtn
. . . . . . .

E%PEIW
Electricity -

Wr
011
Repdr$  ~nd mintmnce
Iliscellinrous
Property taxes
Professioml  fees
[nsurAnce
Office
Talephone
Interest onlTD
Acortiz~tionof gr~ni
hprecidion

35,070
!,916

o
3,04$
1,260
3,67S
1,0s0
3,675
1,050
t,160

, 16,(!2
([7,583)
31,046

-------
81,946

- - - - -
(4)

38,665
2,113

0
3,3s7
1,389
4,0s2
1,150
4,052
1,1s8
1,389

12,682
(1s,334)
21,073

...—-
el,ls4
-----

0,ss7

40,s90
2,219

0
3,S2S
1,4s9
4,25S
1,216
4,255
1,216
1,458

10,422
(14,372)
2s,374

.-.-...
81,624

-------
13,234

42,628
2,130

3,70!
1,531
~w
1,277
4,468
1,277
6s31
7,064

(13,491)
21,830
..—
81,428

. — - .
!4174

44,739
4447

0
3,666
l,60a
4,691
1,341
4,691
1,341
t,w
$032

(12,696)
22,417

-------
81,12s

. . . . . . .
23,4s8

46,997
2,S69

0
4,080
1,688
4,926
1,408
4,926
1,408
1,600
1,827

(11,961)
21,119
.*.-..

00,67S
.-*.-..

29,137

?,626
.e--”.-
$21,s11
=1s:::=

33,400
L82S

0
2,900
1,200
3,s00
1,000
3,s00
1,000
1,200

17,900
(18,912)
33,390
.-—.
81,903

.--....
(3,863)

36,824
2,012

0
3,197
1,323
3,s59
1,103
3,839
1,103
t,323

14,692
(i6,398)
28,933

**.-...
81,8S0

. . . . ..
4,189

6,1740
-----
$4,109

S88S*X
811,204
88*msa

$39,137
21,119

(ll,96fl
(7,791)

-------
*3O,5O4
smnt==:

($4)
31,046
(t71se3)
(24,334)
...-..-
($10,695)
s*a::::

$4,189
28,9s3

(16,398)
(11,069)
-------

($325)
:=:,2::

$8,507
27,073

(1s,334)
(13,102)
-------
$7,224

S:::::a

$13,234
25,374
(14,372)
(10,827)
..-...-
s13t409
S9SS8::

$18,174
23,830

(13,497)
(9,424)

...-.-
tf9,0a3
S::===*

#23,4s6’
22,417

(12,696)
(8,483)
.-.-..
$24,696
=Z8**=S

NET INCIME
Oepreciltion
hortization
C,C,A+

(s3,a63)
33,390
(~e,9t2)
(31,1s1)
--....
($21,1361
*=:::*=

TAXAMINCOM

. . . . . . . .



IWJIT  GREENHOUSE

I
I

IP11ON: 1
1O,OOOSQO n. -UITHHEAT EICHANUIQUIMINT 12 HOMTH5EASON

Yw 1
... .--

#et Incoic ($3,963)
Awtizition (i8,912)
Oepr?cittion 33,390
LID principle (!3,060)

. . . . . . .
froa Operations (2,4451

Opening cash o
. . . . . . . .

Closing cash ($2,44S)
Cz::mm

M? 2
- - - -

(s4)
(17,s83)
31,0’4s

(14,478)
—--

(1,019)

(2,44s)
..-—-
(43,464)

8sssss=8

Year 3
. . . . .

$4,199
(16,390)
2a,9s3

(16,260
—-..

416

(3,464)
.-.--=

($2,930)
G8**SS8=

Ycit 4
. . . . .

48,S87
(1s,334)
27,Q73

(18,27S)

2,048

Year 3
------

$13,234
(14,372)
23,314

(20,S38)
----0-.

3;690

(940)
....-0-.
$2,738

esm=ss8

Yw 6
------

S16,334
(13,497)
23,830

(23,0161
- - - - -

3,s91

2,751
--------

$6,3+9
Ssaz=*ss

w 7
. . . . . .

$17,284
(!2,696)
22,417

(2s,928)

i,077

6,349

Yew a
. . . . . .

821,s11
(!1,961)
21,119

(28,674)
--*---

1,99s

fi426
--------

$ 9 , 4 2 1
:::S8S-X



IQALUIT 6REENHOUSE

PROJECTED 8ALANCf  SHEET

AS AT YEAR END
(Unwdltsd -S*e Nolice TafhdQr)

IPTI!M 7
10,000 SO* H. -MITtt HEAT EXCtlAN6E EMIIPHENT 12 f10N1H%A20H

YEARO
.--**.

YEAR1 YEAR2 YEAR3
. . . . . . ------ ..--..

ASSETS

YEARS
. . . . . .

YEAR6
...--.

YEAR7
.--*.-

CURRENT
Cash ($2,44s) (t3,464) ($&90a) 92,1s8 $6,349 91,426 $9,421($940)

f!xn
cost 600,300 600,300 600,300
Accumlatgd  d~preciatign (33,390) (64,436) (93,389)

..—.4 ....—- -—-.
366,910 S3S,864 306,911
. — .  .—-. -—9
$564,46S 4332,400 4303,923
S:::S=U :===s=s -S=s

600,300
(120,+62)
--------
479,630

600,300
(14S,U6)
—.
434,464
. . — .
$437,222
w88g=s9

600,300
(169,6661
. . . . . . .
430,634
—.-..
$436,903
Sxsazas

600,300
(i92,083)
. - — .
400,217
.—-..
44!3,643
SS8S-SS

600,300
(213,2021
--------
387,098

. . . . . . .
t396,s19
SC*=:=::

$410,898

,

LIABIlfTIE5t  EfMlY!

9KAREHOLI)ERSLDAN 3100,000 $100,000 $100,000 $100,000 $100,000 $100,000 $100,000

231,200

28,614

33,761

$100,000

60VERNHENT ASSKTANCE 321,088 303,s05 287,!07 271,773 2S7,401 243,904 2!9,247

54,602LoN6TERn DE8T 147,240 132,762 116,494, 90,216 77,670 0

RETAINEOtARHlN6S (3,863) (3,867) 322
....0---  -—-.. - — . .
$S64,463 $S32,400 $503,923
.%~asti s*8Usa88 888sa8as

0,909
. . . . . .
$478,6%
Dcmsxaa8

22,143
.-—.
i4S7t222
Uazssas

38,477
--------
4436,983
SS81118*



~errl~wer II C! ALUIT 13? EENHOUSE
.  . .  , . 

‘Dkm:;lp;~& IL(MN I
Lender : z
Pr i nc i pal : l@2300. 00 Payment: 2380.00 payab 1 e every 1 mmt t~ ~:s )
1nt er est r a t e : 12.0000 lc,>rnpi~unded every 6 mmth (S )
S t a r t  :  l’3@3/03/~?l

Date
33. J a n  20 1%U
36. Feb 2S 1’3’32

Sub Total

I 37. Mar 2S 1‘3’32
3 8 .  Apr 2EI 1‘3’3’2
39. #ay 28 ~ 592

40• Jun 2S 1’392
41 ● .Ju1 28 19S2?
42. Aug 2S 1’3’32
~~= Sep 28 19’3~

4 4 .  O c t  2!S 1’392
43. hhv 28 1’392
4 6 .  D e c  28 19S2
4 7 ,  J a n  2 8  1993
48.  Feb 26 1993

I Sub Total

49. M a r  2 0
~ 50. Apr 28
i 51. May 2S

52. Jun 28
: S3. Jul 28
: 34. 14ug 28

5S. Sep 28
56. (kt 28

i 57. NQV 28
i 58. Del:  28

59. Jan 28
6(> . Feb 2S

Sub Tmt al

61, Mar 28 11313+
62?. Apr 2 8  1994
63.  May 28  1’394
6 4 .  Jun 28 1594
630 Jul 2S 1!3’34

l~t 1198°9/i3/W Last - : 1997/02/28 M a t u r i t y  I 113’37/02/2S

Int w est Principal
1164.60 141S, 40
11!30. 7’3 1429.21

14692.34 16267,66

1136.84
1122.76
1100. !54
1094. 1s
1079. 6s
106s. 03
1030.25
103s.  32
1020.25
1005.03
98’3 .66
9 7 4 . 1 4

12681.56

9 5 8 , 4 7
9 4 2 . 6 4
9 2 6 . 6 6
9 1 0 . 5 3
8 9 4 . 2 4
8 7 7 . 7 8
8 6 1 . 1 7
8 4 4 . 4 0
a~7• 46

8 1 0 . 3 6
793. 0’3
773  ●  63

1 0 4 2 2 . 4 5

7 5 8 . 0 4
740  ● 26
7 2 2 . 3 1
7 0 4 . 1 8
68s , ae

1443. i G
1 4 5 7 , 2 4
1471 ● 46
148!5. W
1 S()(j. 32
1s 14.97
1s29. 75
1344.68
1%59, 75
1s74. 97
15’30. 34
1605.86

10278.34

1621.53
1637.36
1653.34
1669.47
1689.76
1702.22
1710.83
173!5 .60
i7s2• 54
1769064
1786.51
i 8040 3!S

20537, 55

1821.96
1839.74
18S7 .69
1s7s. 82
ie94 t 12

Balance
117323.11
1164’33.30

115050,74
113393.50
112122,03
110636.21
109133.80
107620.92
1060’31,17
104546.49
102986.74
101411.76
9 9 8 2 1 . 4 2
9 8 2 1 5 . 5 6

9 6 5 9 4 . 0 2
9 4 9 5 6 . 6 6
9 3 3 0 3 , 3 3
91633.85
8 9 9 4 8 . 0 9
8 8 2 4 5 . 8 8
86!527.05
8 4 7 9 1 . 4 s
83038.91
81265.27
79+82.36
77678.01

7 s 8 5 6 . 0 6
7 4 0 1 6 . 3 2
721S8,6~
70292.81
6 8 3 8 8 . 6 9

!

I



UMLU17 6RfENHOUSE

P80JECTED  DEPRECIATION
fill THE FIRST 8 YEARS

(Unaudited - SwNoticQTOAe~dC?)

OPIIOU! 7
t0,000WL FT. -U!MHEAT EXCHAN6EE8UIM  121fOMTHSEASM

Rate Wr 1
—- -----

20X $4,s00
52 22,940

-----
27,440

YW2
------
$3,600
2!,793
...—

23,393

S,6S3
.....--
$31,046

SSsasaza

Yw3
-- - - -
$2,0s0
20,703
-...-.
23,ia3

YRar4
------
$2,304
19,668
..—
21,971

Years
. . . -
$1,843
18,68s

- - - - -
“20,s28

Year&
------
$1,4?5
17,7s1
----

Yurl
—...
tl,lao
16,863

.9-----
10,043

Ys~rO
------

S944
16,020

..-—.

16,944

Cost
ACCOWI14S ----
Equigmt $22,300
luildings 438,000

—...-.
481,300 19,226

Sz 3,950
. . . . . .
$33,390

Bbasasna

5,370
-----
$28,9s3
U*C8BSS

S,lol 4,846
.--.-0.
$23,374
3S88U8=

4,604
...--..
$23,830

:aaxss:z

4,374
-------
$22,417

● 1ssss:s

4,1ssMt exchmge 119,000
--------
t600,300
Q*:3::SS

*21,119
::;X3SY8

TAI (CsC.Ao)
Equipmt $9,736
Mildings 190,943 -

. . . . . ..

208,699

$1,756
9,698

$1,40s
9,214

-------
10,6I9

$1,124
9,733

----

9#7

$899
8,31s

..—.

%214

$119
7,899

. . . . .
a,61a

$s7s
7,s0s

. . . . .
0,080

$460
7,129

. . . . . .
1,s89

202 $976
31 4,974

--------
$9sil 11,454

30X 231801
-------
t31,7sl

::s::1=:

12,900
.-.. *--
$24,3S4

:8>s::::

6,4S0
. . . . . .
$17,069

::2s:sss

3,22S
. . . . . . .
$13,102
:s-11:ss

$06
. . . . . . .
$9,414

::::ss1s

403
-0-... .
$0,403

:::=*=*:

202
-------
t7,79f

:3-s::::

hit exchfnge 51,601
--------
$260,300
:=::=:::

60VERNHENTA  SSISTAIICE
Equipment $12,744
auildinqs 2S9,057

......--
272,601

202 $2,549
SZ ;2,993

.-.-..
!3,342

$2,039
!2,343

*..-...
14,382

$1,s31
11,726

-....-
t3,3s7

$1,305
11,140
...—

t2,443

$1,044
io,5a3

- - - - -
11,627

$835
10,054

-.-...
lo,aa9

$668
9,$31

-------
10,219

$533
9,073

-------
9,608

2,889
. . . . . .
$1s,334

::::aa=x

2,743
. * - - -
$14,372

*SSS9*Z:

2,604
-------
$13,49?

Sssa::::

1,471
-------
$12,6%
SM::::X

2,3S3
-------
$11,96!

::::ssm

kit exchtfigc 67,399
- * . . . . . -
$340,000
::::*88:

n 3,370
--.....
$10,912
:::::ZS*

3,20t
-------
$17,sa3

::S8M8*:

3,04t
. . . . .
$16,39a

mam::sa



I
LO#IN  AMORTIZA7” ION SCHEDULE ol:t 2s, 1s88 I

brrpwer : IG!14LUIT  GREENHOUSE D=st:riptim  :LCMN
.ender :
‘r i nc 1 pal : 1 GQ3130 .00 Payment : X130,0fi payable every 1 ml:lnt}~(~;i
Inter est r ate : 1 Z’. 0000 l~,>mp,~unded ev@r  y b mgnt )1 (s j
Star  t : 158’3/W/01

Date
66, Aug 28 15’34
67. Sep 2S IW4
6E3 . O::t ZG ~ ‘~g~
6’3. ~OV 28 1994
70. Oec 2e 19’34
71. J a n  M ig95
72.  Feb 28 13 ’ 35

Sub Total

73. M a r  28 19435
7 4 .  Apr 28 1’39!5
7 S .  M a y  28 1993
76. Jun 2 8  199S
7 7 .  Jul 28 1’39S
70. Aug 28 1995
79. 6eP 28 i’395

80. Oct 28 1’393
81. NQV 28 199S
82?. Dec 20 1’39S
83. Jan 28 1996
@+. Feb 20 1’396

S u b  Tl~tal  -

S3. M a r  XI 15’36
86. Apr 28 1’3’36
07. May  28 19%5
88. Jun “28 19’36
89. Jul 28 1996
90. #W~ ~~ 1936
’31 ● Sep 28 1‘3’36
92. Oc t  28 1’3’36
93. NCIV 28 199G
94. DeI: 2S 1’3’E%
9 5 .  J a n  28 1997
9 6 .  Feb 28 i937

Sub Total

1s t  : 1’38’3/03/28 Last ; 10357/(3z/z8 Mat Ur i t y : 1‘3’37/02/28

Int c r e s t Pr i nc i pa I
6647.33
648073
62”3 . S8
610.85
531.63
S72. 23
5!52. 6’3

7004,01

!s32 . es
512. e7
4 9 2 . 7 0

4 7 2 . 3 3
4S1 .76
4 3 0 . 9 9
4 1 0 . 0 2
38s. 84
367. 4(5
34Z. 87
3“24 .07
302. 0s

S931 .82

27’3. 8’2
237. 3a
234 .71
21 i ● a2
188.71
165.38
14 i .81
118. 0’2
93. 9’3 .
69.73
43, 23
~(] , so

1s27. 10

1‘3 12.61
1 ’331.27
i 950.12
1’369. 15
1988.37
2007 .77
2027 ,37

2307!3.  9’3

2047. 1!5
2067 .13
2007 .30
2107 .67
2128 .24
2149.01
216’3. 98
2191 .16
2212. S4
2234 .13
22s5. 93
2277 .95

2s928 . i 0

2200  ● 1 8
99*9 62AQ** G
2345.29
2368.  i 9
2391. 2’3
2414.62
2438.  1‘3
246 i . ’38
2486.01
25 i 0.27
2534 u 77
23S9.  SO

29132.90

Balance
66476.08
64544.80
6’25’34. 68
60625.53
58637.16
56629. S’3
54602.03

5~ss~o 88
S0487. 7s
49400. 4s
46292.78
44i64. 54
42013.53
39s45. 55
37654.40
35441. S6
3wiw7• 73
30951.80
2S673, 65

X373. 67
24051, 0s
21705.76
19337, se
16346.23
14531,66
12053.48
9631 ● 43
7145.49
4635 .2.2
2100.43
-4s9.03

—


