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File #: 4042

Jacques Belleau

Frobuild Construction Ltd.
P*0. Box 133

IQALUIT, N.N.T.

Dear Jacques.

Igaluit Greenhouse Feasibility Study

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

1) Mater costs are estimated $1,200. for a year. Has the Town ratified this?

2)

It seems low to me.

Wages are based on one person-year. This may be unrealistic from both
a dollar perspective and in terms of labour/management requirements. The
study notes that a skilled person would be needed because of the exacting
requirements for production scheduling, maintenance, nutrient balance,
etc. Assuming $15,000. Is used for local labour, that would only leave
$30,000. for wages, wage costs, housing allowance and other beneffts for
the Manager. | also do not think the td4anager/horticulturist could reason-
ably work elsewhere fn a shared-employee scenario.

3) The 15% premium for locally-grown produce should be ratffied by the local

retaflers. I'm not sure Arctfc Ventures would be willing to pass the higher
price (say 20%) on to thefr consumers. Arctic Ventures once remarked to
me that wfth the good jet service thefr losses to spoilage are quite low.
This 15% premium might only work ff all retailers carried only the local
produce, or it they all carried both, with the northern-grown produce being
fdentifiable through promotional packaging, etc.

Also, | am curious about your method for computing wholesale values for
the produce from retail values. Again, we have the 15% premium assumption
iisé%we'll as an assumption that fnstitutions will pay full retafl value plus
The” fnstftutions are in the habit of buying wholesale or by tender to get

the lowest possible price. G.R.W.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 from local
retailers. 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.

4) The values calculated for produce are based on volume 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.

5) In your financial analysis, | 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 fn revenues to the business.
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.

Would it be possible to have another financing program scenario showing total
project costs, minimum equity (say 10%), and determine what level of grant-
funding would be required to compliment what level of long-term debt to give
you a 12% return on r greenhouse business (as opposed to on your loan to
the greenhouse business-.v‘g,“

I found the financial analysis somewhat confusing. A better summary and a
clearer progression of ldeas 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 | 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 high government
contribution relative to employment created. It would be nice if 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 funding and if we can assist
in any way.

Sincerely,

(o S

Larry Simpson
Supervisor, Renewable
Resource Development

cc Rick Moulton
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EXECUTIVE SUMVARY

A “Study of Vegetable Markets in Selected N.W.T. Communities" was carried
out for the Department of Economic Devel opment and Tourism  Governnent of
the Northwest Territories in August, 1986. Thi s studyreceremended the in-
vestigation and possible construction of a greenhouse in Igaluit.

The Department of Economic Development snd Touri sm advertised in January,
1987, an invitation to prospective devel opers to submt proposals for a
greenhouse investigation in Igaluit. The succesSful proposal was sub-
mtted by Frobuild Construction Ltd. who designated a consultant team,
headed by Burdett-Moulton Architects & Engineers Ltd. in association with
Dean Hay, Market analyst; Mark Romer : Horticulturalist; and Mackay &
Partners, Chartered Accountants. This consultant team was thus retained
to conduct this study that is intended to determine the commercial
feasibility of establishing a greenhouse, using existing and tested tech-
nology, in Igaluit.

1. Obj ectives of the Study

There are a series of requirements and objectives which this feasibility

study is intended to fulfill. More specifically these include the
fol | owi ng:
0 to determine the types, quantities and quality of vegetables in

demand in Igaluit and to establish the narket prices, seasonal varia-
tions and effects of greenhouse enhanced quality on consumer denmand.

0 to determne the availability of waste heat and siting possibilities,
to research climate conditions in Igaluit, and to research greenhouse
systens .

0 to investigate possible government, private foundation, or agency

fundi ng programs for technol ogy and/or personnel training.

0 based on the initial market study, to perform a horticultural design
and preduction scenario study including plant propagation, crop
managenent, and econonmics.

0 to devel op greenhouse designs, and to determine the capital and
operating costs, and the economic feasibility for each production
scenari o.



0 to develop a final design/production model with growing plan and
operating system conceptual drawings, energy calculations, capital

and operating costs, and proforma financial statenents to demonstrate
viability.

METHODOLOGY

Contained in this report are five individual reports undertaken to neet
the objectives of the study. In accordance with areas of expertise, the

follow ng studies were performed and are presented in chronol ogical order
in this report:

o PART 1 - PRE-FEASIBILITY ASSESSMENT

This study was undertaken by Burdett-Moulton Architects & Engineers
Limited. The availability and potential usage of waste heat were in- -
vestigated. A locational analysis was performed and siting criteria
for the greenhouse were developed. Further, the clinatic conditions
of Igaluit, including prevailing winds, snow drifting, and solar
radiation, as they apply to the siting and operation of a greenhouse
wer e determined.

0 PART 2 - MARKET STUDY

Through a consultation program, M. Dean Hay determined the demand
for , types, quantities and prices of produce in Igaluit. The retail
and whol esal e prices of the desired produce was deternined. Based on
the opinions of the people interview, the impact of seasonal prices
and availability was accessed. Further, these opinions were used to
estimate the degree of price sensitivity for |ocally produced green-
house vegetabl es as compared with inported vegetabl es.

0 PART 3 - HORTICULTURAL DESI GN AND PRODUCTI ON SCENARI OS

This study was undertaken by Mark Roner. Initially, an analysis was
performed conparing soil and hydroponic growing systems in the Arctic
envi ronment . Three hydroponic systens were sel ected and evaluated.
The vegetables identified in the market study were assessed from an
economic and horticultural viewpoint. Based on this assessment three
crops were sel ected. Production scenari os were developed for the
crops irdicating temperature, lighting, and other production require-
nments. Capital costs were estimated for the growi ng, COz, and |jd-~t-



ing system of each production scenario. Simlarly, operating costs

were estimated for labour, growi ng supplies, equipment, electrical
power, and water.

0 PART 4 - ENGINEERING DESI GN, CAPI TAL AND OPERATI NG COST ESTIMATES

Using avail abl e premanufactured greenhouse structures, Burdett-
Moulton Architects & Engineers Ltd. devel oped a greenhouse design ap-
propriate for Igaluit. Based on the design, waste heat availability,
and climatic conditions, a site was selected for the greenhouse.
Capital costs were estimated for two sizes of greenhouses both wth
and without a waste heat recovery Systens. Income and operating ex-
penses were estinmated for two sizes of greenhouse, both with and
Wit hout waste heat, and for three grow ng scenarios.

Potential funding sources for the project are |isted. The observa-
tions and opinions of a nunber of greenhouse operators in the north
are summarized.

0 PART 5 - ECONGMIC ANALYSIS

Based on the information provided in the previ ous reports, Mackay &
Partners , Chartered Accountants, cal cul ated proforma i ncome state-
ments and a cash flow projections for eight years for eight green-
house operating scenario. The nost feasible scenario was further ex-
am ned to determ ne the level of governnent funding required to

produce a viabl e operation.

SUMMARY OF FINDINGS -

The findings and recommendations that can be drawn from the five studies
are as follows:

L. Sufficient waste heat is available from by the Northwest Territories
Power Corporation's generating power plant to heat a greenhouse com
pl ex under design renditions. The Power Corporation will allcw the

waste heat to be used if the capital rests for installation of the
recovery equipment are revered by the devel oper.

2. Consumers , retailers, restaurants, hotels and caterers in Igaluit are
prepared to pay 15% more than current retail prices for fresh, high
and consistent quality produce grown in a |ocal greenhouse.
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Institutions are equally prepared to paY a simlar price increase;
however , the volune of produce required would have to be net consis-
tently before crders could be placed at a local greenhouse.

There are three hydroponic growi ng systens suitable for Igaluit:

0 nutrient filmtechnique culture,

0 peat bag culture, and

o rock wool culture .

Since the capital and operating costs are least expensive, the
nutrient f ilm systemis recommended.

The nost suitable greenhouse crops for Igaluit are tomatoes, |ettuce
and Cucumbers . Tommtoes and cucumbers are cliff icult and expensive to
cultivate during the winter, therefore an 8 nonth cultivation season

is reconmended. Lettuce is easier to grow and a 12 nonth cultivation
season i s recommended.

Sunlight froma northerly direction is inportant and should be con-
sidered in the design of a greenhouse for the Arctic. During the
winter nonths a greenhouse could ocnly be operated with the use of ar-
tificial lighting.

A nmulti-span greenhouse with double glazed acrylic walls, a double
gl azed polyethylene roof , and a gravel floor provides an economical
system sui tabl e for Igaluit.

A site located near the power generating plant, and thus the source
of waste heat, provides a suitable location for a greenhouse complex.

The Capital Cast for two sizes of greenhouse both with and without
waste heat recovery are as foll ows:

7500 fte 10, 000 ft=
W th waste heat recovery $530 , 000. 00 $600, 300. 00
no waste heat recovery $411, 000. 00 $481, 300. 00

A 7,500 ft2 greenhouse is |arge enough to provide 50% of current
market demand and a 10,000 ft 2 would provide 75%



9. Based on the market prices of produce established in the market
study, the operating costs established in the horticultural and en-
gineering studies and the assumption that the project will be
financed by a long term debt with rates at 12% per annum conpounded
sem annual ly the first year revenue and expenses of eight different
greenhouse scenarios are as follows:

[ ncome Expenses
1. Option 1 (7,500 ft2, with waste
heat 1ecovery, 8 months |ettuce,
tomatoes and cucumbers) $ 78,135.00 $112, 767. 00
2. Option 2 (7,500 ft2, no waste
heat recovery, 8 months |ettuce,
tomat oes and cucunbers ) $ 78,135.00 $112,119.00

3. option 3 ('7,500 ft2, with waste
heat recovery, 12 nonths |ettuce,
and 8 nonths tomatoes and cucumbers ) $103,935.00  $128, 882.00

4, Option 4 (7,500 ft2, no waste
heat recovery, 12 nonths | ettuce,
and 8 nonths tomat oes and cucumbers ) $103,935.00  $137, 244.00

5. Option 5 ( 10,000 ft:, with waste
heat recovery, 8 months |ettuce,
tomatoes and cucumbers ) $104, 180. 00 $129, 232. 00

ii. Optien 6 ( 10,000 ft2, no waste
heat recovery, 8 nonths |ettuce,
t omat oes and cucunbers ) $104,180.00  $136, 084. 00

7. Option 7 (10,000 ft2, with waste
heat recovery, 12 nmonths lettuce,
and 8 nonths tomatoes and cucumbers ) $138,580.00  $149,947.00

8. Option 8 ( 10,000 ft2, no waste
heat recovery, 12 nonths lettuce,
and 8§ nonths tonmatoes and cucumbers)  $138, 580. 00 $169 , 409. 00

10. An anal ysis with proforma income statements, balance sheets and cash
flow statements indicates that Option 7 ( 10,000 ft2, with waste heat

(8]



11.

recovery, al2 nonth |ettuce growing season, and an 8 nonth
tomatoe/cucumber growi ng season) is the best of the 8 options,
however none of the options provides a positive cash flow after eight
years of operation. The following table provides a summary of the
cash flow totals a the end of eight years for each of the options:

Description Cash Deficit

Option 7 (10,000 ft2, waste heat recovery,
12 nonths lettuce, 8 nonth tomatoes/cucumbers) ($538,986.00)

Option 3 (7,500 ft*, waste heat recovery,
12 nonths lettuce, 8 nonths tomat oes/ cucunbers) ($661 , 634.00)

Option 5 (10,000 ft2, waste heat recovery,
8 nmonths lettuce, tomatoes and cucumnbers) ($668, 389. 00)

Option 8 (10,000 ft2, no waste heat recovery,
12 nont hs lettuce, 8 nont hs tomat oes/ cucunbers) ( $725 ,003.00)

Option 6 (10,000 ft2, no waste heat recovery,
8 months | ettuce, tomatoes and cucunbers) ($733,019 .00)

Option 4 (7 ,500 ft*, no waste heat recovery,
12 months lettuce, 8 nonths tonatoes/cucunbers) (741 ,652.00)

Option 2 (7 ,500 ft2?, no waste heat recovery,
8 nonths lettuce. tomatoes and cucumbers) ($746,428. ©

Option 1 (7,500 ft2, waste heat recovery,
8 nonths lettuce, tomatoes and cucunbers) (8752, 444 . 00)

G ven the projected incone, expenses and cash flows, a significant
grant would be required to nmake a greenhouse operation viable in
lqal uit. A further analysis of option 7, indicates that each of the
foll owi ng financing arrangements woul d provide a positive cash flow
after 8 years of operation.

Option A %Shareholder Loan $200, 000. 00
Gover nnent Grant $300, 000. 00
Lang Term Debt $100, 300. 00




Option B *Shareholder Loan 0. 00
Gover nnent Grant $380,000.00
Long Term Debt $220, 300. 00
Option C *Sharehol der Loan $100, 000. 00
Government G ant $340, 000. 00
Long Term Debt $160, 300. 00

12. The projected cash flow for these three options follows:

Year C osing Cash
Option A Option B Option C
1 ( $2,853.00) ($2 ,037 .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 ($5,591 .00) $ 479.00 $2, 758. 00
6 ($3 ,885 .00) $1, 408. 00 $6, 349. 00
7 ($1 ,125 .00) $3, 096. 00 $7,426.00
8 $2,987' .00 $6, 254. 00 $9, 421. 00

% No specific terms for repaynent,

rate at 12% compounded semiannually.
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IQALUIT CREENHOUSE PRE-FEASIBILITY ASSESSMENT
| NTRODUCTI ON

The purpose of this study is to deternmine whether theare 1s
waste heat available for agreenhouse operation in Igqaluit,
how to utilize this wasteheatifit is available, where the
greenhouse conplex can best be l|ocated; and the major recorded
climatological factors that will affect the operation of a
greenhouse.

To address these issues, we had a number of discussions with
Nort hern Canada Power Commi ssion (N.C.P.C.) personnel in
Igaluit and Ednonton. We also discussed potential sources of
waste heat with the Town Engineer, and with the Departnment of

Public Wrks and Highways. The system for dunping waste heat

from the N.C.P.C. generators was reviewed and the potential

greenhouse sites around the power plant exani ned. Finally the

pertinent climate data was obt ai ned from t he 1ocal

net eorol ogi cal station and we discussed it with experts at the

Nati onal Research Council in Otawa. The foll owi ng teport
* summarizes our findings.

WASTE HEAT AVAILABILITY

Mbst sources of waste heat available in Igaluit are in the
form of exhaust air from building . There are only a few cases
where large exhaust systens operate 24 hours a day. These
systems exhaust air at room tenperature or slightly higher and
therefore the heat content of the nedium 1is too Ilimted to
heat a (greenhouse : conplex of any size. For these reasons,
systems such as the Ukkivik Residence ventilation were not in-
vestigated further.

Anot her potential source of local waste heat available is the

proposed Minicipal Incinerator. Unfortunately, the Town En-
gineer indicates that this project will not take place in the
near future.

The nost logical source of waste heat in Igaluit is the
N.C.P.C. el ectri cal power generating plant. This plant

produces nore heat than required for the proposed are-
and produces it on a reliable basis.

EVALUATI ON OF WASTE HEAT FROM N.C.P.C

The main plant has three generators: a kv12, a kvs
The kV12 is the prinme generator wused during the wir
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the kv8 is the prime generator during the summer months, and
the kVé |IS used a3S a spare and to supply excesz capacity as
required. There 1is also another generator called the E.M.D.,

located on a separate site, that is used for spot service.

Since the kvé is on a separate air-cooled system and operates
irregularly, it was not considered as a reliable source of
waste heat. For the sane reasons and because it is located on
a different site, the E.M.D.was not considered.

At an average |oad capacity, the kv8 jacket cooling water
produces approximately 1.7 mllion BTU per hour and the kvi12
produces approximately 3.0 BTU mllion per heur. A rough es-
timate indicates that there is sufficient heat from the kvi1?2
for a solar greenhouse (see figure 1) of 3000 m2 based on a
design tenperature O -409°F.

The kV12 and the kv8 generators are cooled by water From Lake
Ceraldine and then the water 1is recirculated back to that
lake. This water 1is suppliedat approximately 3I5°¢F and returns

at a maxi mum tenperature of 135eF. At these tenperatures. it
i difficult to provide sufficient heat for , the greenhouse
compl ex.

The jacket cooling water from the generators 1lesaves at 130°F,
goes to heat exchangers, looses heat to the water from Lake
Geraldine and returns to the generator jacket at tenperatures.
between 1&0¢F and 170eF. This circuit is at a higher tenpera-
ture and therefore the heat is nore easily utilized for heat-
ing the greenhouse conplex.

There appears to be two possible nethods for tapping the waste
heat source at N C. P.C

0 To install a flat plate heat exchanger upstream of t he
| ake water heat exchanger in the jacket water cooling Cir-
cuits for both the kvi2 and the kv8 electrical generators.

0 To <change the flow characteristics of the water to and
frrom Lake Ceraldine and upgrade the return tenperature to
about 165eF. The return water could then be used directly
to heat the proposed greenhouse project. Thiz would
elimnate the cost of the flat plate heat. exchangers,
provide further separation between the generator =system
and the greenhouse heating system and the wastes heat from
al | cooling heat exchangers (including cooling oil) for
the generators would be available for the project. The
characteristics of the existing heat exchangers would have

to be checked thoroughly during the design stage to verify
that this solution is feasible.
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In our discussions with NCPC, they have indicated that tney
prefer the first solution wusi ng the heat exchange I-s. Thi?
nmet hod has been used in previous heat recovery proj=cts and
NCPC are familiar and confident with it.

The controls for the new piping circuits wll be in the
N.C.P.C. generating station and will be set up such that if
t hey endanger the electrical generating system in any way,
they can be conpletely by-passed. The change to the existirma

generating system will be kept to a nmininum

At present all the waste heat from the jacket water cooling
gqoes into Lake Geraldine and there has been sone concern
expressed about the security of the Minicipal water supply if
some of this heat is diverted elsewhere. The Town Engineer and
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 assunmed a 1.5 neter 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 nust not endahger the electrical
generating system Enclosed as an appendix to this report is a
letter from N.C.P.C. verifying their support for this project.

SITING ANALYSI S

There are a nunber of factors that have to be taken into ac-
count when considering where the greenhouse complex should te
| ocat ed. If it is assuned that waste heat recovery is an es-
sential elenent for a viable operation, and that the N.C.pP.G.
power plant is the only reasonable source of this heat, then
the proposed conmplex nust be placed near this plant. The site
should also have a good southerly exposure; be sheltered from
the prevailing w nds; be <close to water, sewage waste
facilities, and electricity; be easily accessible by truck and
perhaps the public; and be conpatible with the Zening Bylaw of
the Town of Igaluit. There must also be a provision for future
expansi on of the conplex.

Figure Il is a site plan of the area imediately surrounding
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 w nds, and have electricity
readily available. Sewage services to the sites will have to
be by sewage punp-out truck.
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Site | is the closest to the plant and therefore has the least
pi ping costs for using the waste heat. It is also reasonably
near the water supply and the location is easily accessible.

Unf ortunately, this site is part of power plant land and tine
and effort would be required to acquire it. The c¢hief
deficiency of this site is that there is sufficient room for
only a small greenhouse and no room for expansion.

Site Il has somewhat higher piping costsandIs avery awkwara
site to access. There is little level land and the buildings
would all have to be constructed on piles. There is room for
expansi on. It too is not far from the water supply but sewage

punmp- out mght be difficult because of the awkward site aid
the 1lift required.

Site 111 is the nost accessible and the topography is
“reasonabl y | evel for building and expanding, but it has the
lai-gest developnent costs. Long runs of piping would be

required to run to the power plant and to connect to the town
wat er supply.

CLIMATOLOGICAL | NFORVATI ON

The following information for Igaluit was obtained from the
| ocal office of Envi ronnent Canada. The term “d obal Solai-
Radi ation on a Horizontal Surface” neans the total incom ng
di rect and diffuse (such as comng from clouds) short-wave

solar radiation received from the whole done of the sky on a
hori zont al sur f ace.

Jan  Feb  Mar  Apr  May  June July Aug  Sest Oct  Nov  Dec

TOTAL BRIGHT SUNSHINE
( HoURS) 35.296,3 1174 235.3 199.9 17S.2 2.1 161.2 82.4 57.8 5.6 19.6

MEAN DAILY GLOBAL SOLAR

RADIATION ON A HORIZOAL 0,84 3.52 9.19 17.61 21.20 19.74 16.42 12.81 7.42 331 1.14 0.3
SURFACE {3/at)

MEAY 0AILY TEMPERATURE
(eC) -25.6 -25.9 -21.7 -143-3.2 34 746 6.9 2.4 .50 -13.0-21.8

HEAR DAL LY MININUM
TEMPERATURE (oC) -29.7 -03 -5 -19.1 -6.6 0.3 3.1 3.4 -0.3 -1.8 -16.9 -25.9

NEAN DAILY MAXTMUN
TEHPERATURE (°C) -21.5 -21.S-17.9 34 0.2 6.6 11.4 10.3 5.0 -21 -9.0 ~-17.4
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MEAN HOURLY 6LOSAL SGLAR RADIATION ON 4 HORIZONTAL SURFACE | N IGALUIT (M/a?)

HOLR

03 04 05 06 67 08 09 10 11 12 13 1415 16 17 18 19 20 21 27
JANUARY 0.010. 050. 150. 210. 220. 150. 05 0.01
FEBRUARY 0.030.160.370.5S 0.660.67 0.550.560.150.02
HARCH 0.01 0.090.330.650.961.21 1.3S 1. 341. 21 0.980.660.330.090.01
APRIL 0.040.220.540.94 1.361.71 1.972.092.091.941.67 1.S20.930.530.21 0.04
HAY 0.010.060.210.470. 81 1.191.581.942.152.282.262. 12 1.881.56 .19 0. S20. 380. 220. 060. 01
JUNE 0.040.130.290.520.81 1.121.431.67 1.872.001.991.901.70 1.451.14 0.8 0.5S 0.31 0.130.04
JULY 0.020.080. 200. 390. 61 0.91 1.21 1.461.621.701.691.62 1.45 1.21 0.940.670.020.220.8 0. 02
AUGUST 0.010. 070. 200. 420. 67 0.951.191.391.461.46 1.39 1.190.980.720.460.23 0.06 9.00
SEPTENBER 0. 030. 140. 320. 550. 760. 91 1. 010. 990. 930. 740. 540. 330. 130. 03
0CTQBER 0.010.05 0.180.360.500.590.590.49 0. 360. 180, 050. 01
NOVEMBER 0, 020. 090. 200. 270. 260. 20  0.090. 02
DECEMBER 0.010. 060. 110. 120, 060. 01

SUMVARY

The N.C.P.C. power plant 1is the only reasonable source of

+ waste heat for this project. There are two alternatives to
recover the waste heat from the generators. The solution which
is preferred by NCPC is to install heat exchangers directly
into the jacket cooling water circuits for the generators.
Regar dl ess, N.C.P.C. are in agreenent with the concept of the
project and there is sufficient waste heat available forr 3
large greenhouse conpl ex.

It appears that the choice is between sitell and Site |Il 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 nade later
in the design process when accurate estimating is possible.

The climatological data indicates a dramatic reduction i n
hours of sunshine and consequently in radiation from the sun

during the winter. If the greenhouse operation is to carry
through the winter, it will have to rely mainly on arrtificial
i ghting.

At this stage in the process, there doesn't appear to te any

engi neering reason why this greenhouse project could not be
successful .
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NORTHERN COMMISSION

CANADA D'ENERGIE
POWER DU NORD
COMMISSION CANADIEN
P.0. Box 250

Iqaluit, NWT RECEIVED FEB 251988
X0A OHO

Tuesday February 23rd, 1988.

Burdett - Moulton, Architects & Engineers Inc.
P.0. Box 609

Iqaluit, NWT

X0A OHO

ATTENTION: Mr. Rick Moulton, P. Eng.
RE: NCPC POLICY ON RESIDUAL HEAT

.This will acknowledge your February 19th, 1988 “telecon”

request for information stating N. C. P.C.'s position on residual
heat.

love looked around the Office for something in writing which i
could pass on to you, but have not been successful. | shall
however, continue and when | do find what I'm looking for,
"1l send it along.

in the interim, perhaps the following personal interpretation
will be of som®benefit. it is my understanding that N. C.P.C.
considers residual heat to be that portion of heat energy
rejected (3pprox. 28%) by the process to the jacket 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
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 a specific
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

Canadii - workmanship must be consistent with good trade practices.
HEAO OFFI CE 7909. 51 AVE. MAI LI NG ADDRESS: p.0. BOX §700 STN. ~L" T6C 4J8 EDVONTON.  ALTA, CANADA.
TELEPHONE: (403) 465-3377 TELEX: 0372736

17
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There may be some minor terms and conditions that I've
overlooked here, but | think the foregoing points touch on all
the major criteria. | trust this will be helpful, but should

further clarification be required, do not hesitate to contact
the undersigned.

| remain.

Respectfully Yours,
Northern Canada Power Commission “

L o

John Sullivan, C.E.T.
Engineering and Maintenance Manager, NWT (East)

* JS/nd *
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CREENHOUSE MARYET SURVEY DATA
| NTRODUCTI ON

The purpose of the survey was to det erm ne t he
characteristics of market demand for fresh vegetables in Igaluit.

Specifically, the researcher was charged wth:

1. identifying the types of vegetables in demand

2. determ ni ng market demand with respect to vol unmes
and retail market values by variety and by
mar ket sector including retail, restaurants and

hotel s and governnent funded institutions.

3. estimating the inmpact on denmand of seasona
price and availability variations

4, estimating the inpact on demand of greenhouse-
enhanced product quality and the degree of
price sensitivity for greenhouse produce as
conpared to inported produce.

Wth these directions, we conpiled a list of all relevant
potential respondents for individual interviews. O these, 75%
agreed to take part in the survey. In addition,. random interviews
wi th shoppers were conducted producing an additional 10 reponses.
All responses werepersonally interviewed; no surveys were nailed
or filled in without the respondent being able to clarify all
aspects of questions which nay appear anbi guous on first reading.

A breakdown of respondents foll ows:
NUVMBER OF RESPONDENTS oo 8. ..., ..
SUPPLIERS. ....4... .. .CONSUMERS. ..17.. ..Business. . . 7...

Suppliers: The Bay
Arctic Ventures
Mar che Tur enne
Anbl ers 1GA

Consuners: Private individuals
Gov’t. funded institutions

Busi nesses: Frobi sher 1nn
Kanmotiq I nn
Navi gator | nn
The Snack Restaurant
Di scovery Lodge
Bayshore Hot el
Versa Foods (Baffin Reg. Hospital >




q—— i

To determine the Representative Sanple, we asked how many
i ndi vidual rmeals wereprepared daily by each respondent. We then
took the total population figure and assumng three neals a day
each, determ ned the percentage our results represented.

(Note: Two mmjor restaurants would not divulge their daily
i ndi vi dual meal total and one of those refused to disclose
quantities ordered. Consequently, the total above is |ower than
the quantities later represent and the representative sanple
imedi ately followng is proportionately higher. For our purposes
and based on figures available from other simlar businesses, it
woul d be safe, in our opinion, to to assune that an additional
200- 250 neal s per day are being served fromthese establishnents.
This would in turn increase the perceived representative sanple
to approx. 15.4%

REPRESENTATI VE  SAMPLE  SURVEYED

Popul ati on of Igaluit . . . . approx. 3,000
Total of neals @ 3 / day ' 9,000
Total of meals prepared by

survey respondents 1,165
Representative Sanple ' 13%

Respondents were questioned during Nov. 1987 and Jan. 1988.
Their responses are indicative of that period only; increased
popul ation during sumer construction nonths would result in
hi gher demands than herein indicated.

Response to the concept in general was very positive. Respondents
expressed unani nous opinion that availability of better quality
veget abl es was deired and |long over-due. This is reflected in the
responses to the purchasing priority factors at the end of the
guestionnaire.

Busi nesses and institutions were primarily concerned wth
consi st ent quality as food cost/productivity is paranount in
commercial operations. In addition, all but one were in favour of
the project and supportive even at a higher cost if it benefitted
Nort hern Busi ness.

PURCHASI NG HABI TS

While the survey asked for quantities purchased on a weekly,
mont hly or occasional basis, the mpjority (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 wth
only those types suitable for extended storage life as nonthly or
occasi onal purchases. .e.g. sealift or. luxury itens.



QUANTI TITES AND VALUES

The following table represents the total volunmes of the different
veget abl e types surveyed inported into Igaluit weekly. The table
is conposed of five colums:

L

Total supplied by The Bay, Arctic Ventures, Anblers |GA
and Marche Turenne for private consuners purchases.

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

3. Total volumes of Col. 1 & 2

4. Unit prices in Igaluit as of Jan 29 ’'88

5. Total val ues of vegetabl es purchased according to Jan.
88 prices.

NOTE: The only significantly high price at this tine was for

| ettuce which was at $3. 44 ea. An average price nmight
be nore realistically about $2.50 per head.

Veget abl e type 1 2 3 4 5
Tomat oes 305 I b. 344 649 $2.14 1b. 1388. 86
Lettuce Iceberg 282 head 233 515 3. 44 ea. 1771. 60
Lettuce Ronmi ne 33 - 163 196 3.86 ea 756. 56
Cucunbers (regul ar) 111 1b. 226 337 1.49 |b 502. 13
Cucunbers  (English) 58 10 68 4.08 Ib 277. 44
Cabbage 87 298 385 1.55 Ib 596. 75
Pot at oes 2400 845 3245 11.98 10 I b. 3887.51
Carrots 1252 323 575 1.43 1b 822. 25
Spi nach 15 5 20 3.50 Ib 70. 00
Brussel Sprouts 25 16 41 2.33 I'b. 95. 53
Oni ons (cooki ng) 252 ¢ 273 525 1.53 I'b. 803. 25
Broccol i 73 head 72 145 2.54 head 368. 30
Peppers  (green) 116 | b. 136 252 2.19 Ib. 551. 88
Peppers (red) 18 * 8 26 2.23 |Ib 57.98
Caul i fl ower 41 head 70 111 6.40 ea 710. 40
Frozen Peas 200 | b. 60 260 2.72 |Ib 707. 20
Frozen Beans 102 - 30 132 2.90 Ib. 382. 80
Cel ery 264 stal ks 75 339 1.96 ea. 664. 44
Zucchi ni 3 ea. 30 33 ($ not avail)

Egg Pl ant 0 - 14 14 " '

Radi shes 16 bunch 24 40 2.13 | b. 85. 20
Par sl ey 13 45 58 .69 bunch 40. 02
Tur ni ps 68 ea. 15 83 2.90 ea. 242. 36
G een Onions 51 bunch 10 61 1. 04 bunch 63. 40



We wanted to determne where vegetables are purchased,
locally or fromsouthern suppliers. As the following figures
denonstrat e, business (including in this case Gov’t. funded
institutions) all buy their produce from southern suppliers. The
primary supplier for Iqaluitis H Fine & Sons, Otawa. Four
other suppliers were naned, Nat i onal G ocers, G tawa

Marche Turenne, Mont r eal L’ Arri vee, Montreal and Quattrouchi
G ocers, Smth Falls, Ont.

Consunmers using food orders patronized Marche Turenne and
Anbl ers, Manotick QOnt. as preferred suppliers.

Quality of product was the prinmary reason cited for buying
from southern suppliers in all cases. Wth the businesses, price
and vol ume supply ranked second as reasons, but quality r emai ned
as the prinme concern.

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

Busi ness purchasers locally 3.6 % South 96.4 %

Consuner purchasers locally 70.6 % South 29.4 %

Cost as a serious consideration in choice 45 % 55__%
yes no

The follow ng data was conpiled to determ ne 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.g. restaurant & hotel ratios of food cost/revenues.

I n nbost cases, given the controls nentioned, 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 swtch
suppliers according to the quality and price factor. All
respondents indicated a willingness to nodify their habits if a

| ocal 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.




The questionnaire asked how various factors influenced buying

patterns. These i ncl uded subsi di es, budgetary or dietary
control s, st andi ng order purchasers, waste through spoil age and
respondent’s opinions on higher prices for inproved produce

quality. The following table details the responses.

Respondents who benefit through food subsidies ----19. 2___%
Respondents who purchase with controls/guidelines _____ 3.8----
Respondents who purchase with no buying controls ----96.2__ %
Respondents willing to alter purchasing patterns ___.9% . 2__%
in view of seasonal price and quality variations

Respondent s purchasing through standing orders —---11.5-_ -%
Respondents willing to consider standing orders 57 7__%

from a | ocal greenhouse operation

Aver age Spoil age ----11.5 %
Respondents willing to pay nore for reduced spoilage -53.8- -%

To those 53.8% wlling to pay nore for reduced _12.7 -%
spoi | age, the average price increase acceptable

Respondents willing to pay nore for better quality ____76.9__%

To those 76.9% willing to pay nore for better el 6--%
guality, the average price increase acceptable

Respondents willing to pay bonus increase _23.01_ %
for reduced spoilage and better quality

Maxi mum acceptable increase to the 23.1% abave 16.3__%

SUMVARY OF ABOVE:

The consurmer is willing to pay an average of 14.9% more for
| ocally produced greenhouse produce if the quality 1s better than
currently available and spoilage due to damage in transit (frost
and bruising) 1s reduced.




Facters influenecing purchasers eheieet (reft table pg. 7)

Respondent s were asked to rate their priorities when

purchasing vegetables by the following criteria with #1 as nost
important intheir decision process:

t he
their

Consistent Quality
Dependabl e Supply
Hi gher Prices

Vol une Suppl y
Taste

Appear ance

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

Fact or Rel evant to % of buyers
Appear ance 92% (24)
Consistent Quality 88% (23)
Taste 85% (22)
Dependabl e Supply 74% (19)
H gher Prices 54% (14)
Vol une Supply 35% (9)

The following table should be interpreted horizontally to
appreciate it's content. The Total nunbers to the right
i ndi cate how nany respondents considered that factor of any
i mportance while each vertical columm represents the nunber
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 colum, we have underlined the great-
est response nunbers. . e.g. First in priority is Consistent
Quality, Second priority ties Quality & Dependabl e Supply.



An accurate appreciation of the figures requires cunulative
totals of each Factor on the horizontal scale with repeated
conparisons to the corresponding figures on the vertical.

In this way we can see how as a Primary Concern, # 1 on the
hori zontal scale, the factors rank as foll ow

1. Consistent Quality (11)
2. Dependabl e Supply (9
3. Taste ( 8)
4. Appear ance ( 2)

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

NOTE: VWile the factors oOf 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
exanpl e, they prefer consistent ‘Gade B produce rather
than a fluctuation between “Grade A*“ and “Grade C*.

Fact or/ | nportance ! 2 3 4 5 6 Tot al
Consistent Quality 11 6 4 2 0 0 23
Dependabl e supply 9 6 2 2 0 0 19
Hi gher Prices -0 5 2 7 0 0 14
Vol urre Suppl y 0 ! ! 0 57 9
Taste 8 4 5 2 2 ! 22
Appear ance 2 4 1_0 24

no—y
o






CONCLUSI ONS

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

Al  but one support the project as envisaged to
assi st Nort hern-based Busi ness.

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

To serve the business and institutional market,

a simlar price increase appears acceptable but

t he volume required would have to be met
consistently as they cannot split their orders
bet ween | ocal and southern suppliers due to the
extra time and admnistrative work required to
pl ace seperate, partial orders.

Both retailers interviewed expressed interest in
mar ket i ng greenhouse produce but one recomended
sel f-marketing to increase project profits.

Consuner respondents indicated a willingness to
shop for their vegetables at a seperate |ocation
than either the Bay or Arctic Ventures if the
gquality was better
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SECTION 1

DESCRI PTION AND EVALUATION OF HYDROPONIC GRON NG SYSTEMS
AVAILABLE FOR COWERCI AL VEGETABLE FRODUCTION | N CANADA

This section will (1) describe and ewvaluata the hydroponic
growing systens available for vegetable production tocday;
(2) list advantages and disadvantages of each within the context

of “arctic production” and (3) select three systens to be
conpared in the subsequent economic analysis.

1.1 GREENHOUSE VEGETABLE PRODUCTION | N CANADA

The G eenhouse industry in Canada has increased steadily over
the past decade and currently, over 4 million square metres of
glass and plastic structures exist. The largest proportion of
this area is dedicated to the production of flowers (ornanental
and bedding plants) and accounts +ar 85% of total industry
dollars. Vegetable production occupies the remaining 1S%Z of the
greenhouse market and is predominantly dedicated to tonatoes and
cucunbers.

The nmejority of greenhouses producing vegetables in Canada
utilize soil as the plant growing nedium Good gquality sail 1S
readily available in the primary centres of production (Southern
Ontario Q Southern Quebec) and initial capital expendifures are

substantially 1lower than for hyvdroponic sysiems.

The area under hydroponic cultivation in Canada remains small
but has increased st=zadily, particularly in recent years Wth an
influx of Dutch and Danish technology and expertise. During the
past five years, a substantial nunber of comercial hydroponic
greenhouses have been built and grower interest is turning
towards the new methods o+ cultivation. In British Colunbia, over
90% of the greenhouse industry uses sawdust culture to overcone
soil related problens.

Al though the nmajority of Canadian operations are snall,
fam ly—+run wunits 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.




1.2 SOIL VERSUS SOl LLESS (HYDROPONI C) CULTURE

There are numercus advantages and disadvantages to both soil
and soilless growing systems. A few relevant ones are degcribed
herae.

(1) LACK OF SUITABLE SOILS

The primary incentive for using soil less culture metheods in
the arctic is the lack of suitable soil resources. Fast studies
have demonstrated that arctic substrates (i.e. sand, peat and
organic sediments) are suitable as growth media f or many
vegetables providing a regular fertilization program is followed
(Romer 1983, 19S7) Unfortunately, 1large quantities of |[ocal
substrates would be required to supply a commercial enterprise
and thes= at-e not readily available in most northern locations.

(2) SOIL FREFARATION 2% STERILIZATION

In crder to elimnate soil pests and pathogens, scils nust be
steam or chemically sterilized between crops. This procedure
aoften requires 2 to I weeks and islabour intensive. Labour
requirements associated with soil collection? processing and
cultivation are also elimnated in hydroponic systens.

{3 WATER

The conservation of water resources in arsas aof |imted
supply is of particular relevance in arctic areas. EClosed
hydraopacnic systens re—circulate watar and nutriesnts thereby
reducing costs O water delivery, storage, heating, and disposal.
Flants grown iN hydrcponic systems are also subject=2d to0 reduced
water stress associated with soil systems. One essential
requirenment linmiting the success of hydroponic culture is the
availability of water of acceptable and consistent quality.

(4) PLANT NUTRI TI ON

Hydroponics permts inproved control of plant nutrition and
rapid correction of nutrient inbalances or deficiencies. Systens
my be fully automated to ensure reliable nutrition of crops and
sanpling procedures are simpler. Soil systens do however have a
greater buffering capacity and require nmuch |ess know edge of
nutrient status.

1)




(S} YIELDS

Crop vie lds of S0% to 500X higher have been documen tad for
hvdroponic versus soil based systems arcund the wor id

(.5 ) ENERGY REQU IREMENTS

Recent stud i es have denonstrated reduced =nergy consume £ i On
and heating costs associated with hydroponic grocwin S systems. In
arctic regions, the Ilargest component of annual operating costs
will arise from lighting requirements and the design of all
commercial efforts should endeavor to naxinize available sunlight

for craps.

(7) FESTS % FATHOGENS

Perhaps the nost serious drawback to closed (re-circulating)
soil less systens is the rapid spread of pasts and pathogens to
all plants sharing a comon nutrient tank. Eince nost of the
serious diseases are soil-borne, and since the snow-free pericd
in arctic regions is relatively short, this problem may be
reasonably well <controlled wth sound sanitary practices.

(8) CAFITAL COSTS

Capital costs per acre are substantially higher for soil Iless
systems but annual operating costs at-e lower.

A




1.3 .WATER CULTURE SYSTEMS

Water culture is the truest form of hydroponics where plants
are suspended in nutrient enriched water wthout the benefit of
any support nedium for their root systemns.

1.3.1 NUTRIENT FILM TECHNI QUE

Nutrient Film Technique, or NFT for short, is currently the
most popular of water based growing systems. In this form of
hydroponics, plant roots are suspended in a trough or channel
through which nutrient solution is continuously circulated.
Channels are sloped on a gradient of 1:73 ft to ensure even flow
of nutrient solution. Plants develop athick root mat which grows
partly above and partly below the nutrient stream ensuring
adequate supplies of water, nutrients and oxygen.

The nutrient solution circulates withinaclosed system
between a catchment tank and the growing channels. Nutrient
concentrations and pH are continuously monitored by asystem of
automated controllers and dosing punps (illustrated in Section 4)

Al though nmany designs have been tested, two principal systens
are currently being favoured by comercial growers in North
Ameri ca.

(A) LARGE PLANTS REQUI RING SUFFORT
(TOMATO, CUCUMBER)

In this system pl ant roots are grown within polyethylene
gullies |located either on (a) sloped greenhouse flaars or (b)

upon raised benches (see illustration below). Flant shoots are
supported above the gullies by neans of wires and trellis
networks (see Figures 7 and 8).

FIGURE 1

Typical NFT system
for the production of
tomato and cucunber

P
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Perhaps the nost wdely publicized greenhouse operation in
Canada is Philip Sprung’s SESE (Sprung Environnental Space
Enclosure) located in Calgary, Alberta. This B.S acre NFT
greenhouse boasted production levels of 18.S5 cucumbers/ftZ/vear:
nore than 3.2 tines the Canadian ¢reenhouse average. Tomatoces
were simlarly productive averaging Z28,000 tomatoes/day.

Flants wre grown in double rows along a network of raised
gutters. Conventional NFT plastic (black in:terior/white exterior)
was utilized and nutrient solution was mornitored by a computer
injection system Froducticn levels wets maintained kigh with the
help of carben—-dioxide enrichnment and a specially =nginesered
fabric (protected by 18 patents) which is reported to increase
light levels significantly inside the greenhouse= Continuous
production was ensured through the successive planting of crops
at3 nmonth intervals and arigid protocol of sanitary practices
reduced the occurrences of pathogen problems.

Although the validity of Mr. Sprung’s "light—-=snhancing”
covering and production figures have been viewed W th skepticism
by the Canadian greenhouse establishment, the effectiveness ©fF
the NFT growing system was well demonstrated.

Research at taval University’'s Center for Sheltered Crop
Speci alization has also denonstrated high yields of cucunbers
under NFT cultivation. Using supplenentary lighting, and €02
enri chnent, Dr. Andre Gosselin has been able to produce 8
cucumbers/ft2/year and maintain production over a 12 nonth
period. This thanks primarily to the availability of inexpensive
hydro—-electric power to maintain light levels during the wnter
nont hs.

Ontario tomato growers utilizing NFT systems have reported
yields of between 1S and Z2 pounds per Plant over spring and fall
pl anting=. These yields average | @ tons/acre and represent good
yields compared to scil culture.

SMALL SELF-SUFFORTING PLANTS
(LETTUCE, SPI NACH, CHINESE CAEBBAGE , HERRE)

The NFT production of lettuce and other small self-supporting
veget ables has gained Popularity in recent years with new growers
and currently several Canadian greenhouses are actively involved
in “continuous-cropping” systems. These “moveable" growing bench

systens utilize rigid rectangular pro-file FYC channels supported
b, a manual conveyor top bench as illustrated on the following

page.



FIGURE Z Continuaus cropping NFT culture svstem far the
production of small vegetables and herbs.
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The NFT channels at-e fitted with renpvable covers into which
are drilled holes +or seedlings. Plant roats sit in the channel
and are bathed by t-e-circulating nutrient solution fed from a
header tube and drained at the ocepposite end of the channel. as
with tomato and cucunber troughs, the channels used for |lettuce

must b2 graded to a 1:735 slope far proper flow of solution.

Channels are planted out with seedlings at one enc of the
greenhouse and are harvested from 4 to 8 weeks later at the
opposite end of the greenhouse. The entire width of the
arzenhouss 13 covered With channels 1saving eniy the =rds faor
aisle/walkway. Seedlings are started out at high density spacings
and sgradually spread apart as plants increase in size. This
permits 20% - 3I0% Qgreater production over available area than
conventi onal growi ng systens. Spacing is varied over the
production period using channel spacers of varied widths.

A nunber of commercial channels are available to Canadian
growars. Suppli=srs include Canadian Hydrogardsns Ltd of Ancaster,
Cntario; Feter Zwart and Associates of Grimsby, Ontaric (REHAU
gutters) ! and Hydro-Gardens of Colorado Springs, €O (Mutrient

Flow System

Living Lettuce, a greenhouse operation developed and aperated
by M. Helmut Julinot near Toronto, ©Ontario, h-as successfully
denonstrated the possibilities of year--round MFT |ettuce
production. The operation produces head lettuce of the Dutch
Butterhead variety grown from seeds inported from Holland as well
as looseleaf varieties “Grand Rapids” mare commonly known to
North Anerican markets.

Flants are harvested, packaged and shipped to markets Wwth
roots intact. This nethod increases the freshness and storage
life of the product wth resulting reduction in spocilage. Unlike
mast greenhouse |ettuce producers, Julinot has succeeded in
producing his lettuce without the application of anv pesticides

or fungicides. This, as a result of sterile growing hous2s and
the absence of soil in ail parts of the system.
Three Z00 foo% greenhouses produce an estimated 330,000 heads of

lettuce annually which wholesale for $1.10 (1532) directiy to the
users. Flant supply is continuous with new seedlings being
planted as mature plants are harvested.

Anot her example IS Hydroserre Inc., one of several new
hydroponic aerations to open wthin the last year near Mirabel,
Quebec. Hydroserre greenhouses cover 3 hectares of |land and are
expected to be the province's |largest greenhouse producer of
lettuce before the end of 1988. As with the case of Living
Lettuce, plants are grown in an NFT continuous production system
Froduction during the winter months wWill be inproved through the
use oF HID (High Fressure Sodium) lights and throughout the year

by the nmmintenance of elevated COZ levels.




The p r 1 mary advan tage of US i mg MFT c ropp il Nng sys terns in the
arct i ci stheeli mi nat ionof costlyimportati cnofsoi 1s/growi ng
med i a on an annua 1 b as is. Inaddi tisn, the amount of t ime and
lab our requ i red for ¢ 1 2anup and star i 11 z @t i9nb s tween craps 13
great 1 y reduced leavi ngnoret ime f07r crap p roduc & ion. The
capi t alcosts of NFT systens are however, hi gher t hanother
systens. These mmy be partially offset by reduced heating costs
of up to 30% possible if the nutrient solution is warned and air

tenperature | owered.

The primary disadvantages of MNFT cropping systens are the
rapid spr=zad of dizeas=s through the crcp and the tandency towards
nutrient inbalances in the circulating sclut ion. Geater
attzanti cn must be paid ta gresnhouse sanitation and frequent
analysis of solution and plant tissue sanple= is required.

Because MNFT systens have no buff=ring capacity when the watar
supply is stopped, it is essential that backup punps and
generators be on hand to keep the solution circulating in the

event of primary punp failure.

1.3.2 TaANK CULTURE

In tank culture systenms, plants are suspendec by a thin layer
of styrofoam over a tank or “pool” of nutrient s2lut jon. Tha
nutrient solution is circulated at +ixzed interwvals to provide
aeration for rcots. This system has greatzr struciural
req U iremen t 5 associated with the censtruction of t=. nks and larser
guantities of water arz invalved 1n production.

Tank culture is not actively used in North America although

Harnois Industries of St-Thomas, Quebec, is currently devel oping
aunit for the production of Ilettuce. Since very little first
hand knowledge is available about the specifics of growing with
this system it wll not be considered for use in an arctic

greenhouse at this time.




1.4 AGGREGATE CULTURE SYSTEMS

In this form of hyvdroponic culture, |npert, sclid aggregates

(pea t, sand , rockwod 1, g rave 1 among o thers ) are used as arcot i ng
mdi urnwhi chfunctionpr i mr i lytoanchot theplantrootzwhi e
alsoprovi di ngo.: vgenandwatar., Thesi m 1 arity of agsrec stz

sys tems lie in the controlled distribution of nutrients in a

solublefot-tinthroughanetwork O f tubes and feeder 1 ines.

Two principal forns of nutrient application are wutilized:

1. CLOSED SYSTEMS where the nutrient solution is recycled
with additional nutrients and makeup water added on a
regular basis.

2. DFEN SYSTEMS whet-e the nutrient solution is net recycled.
This system consunmes a larger quantity of water and
nutrients but has several distinct advantag=s including
reduced +¢ransmission of pathogens and reduced salt
accunul ation in growing substrates..

An open system is generally recommended where adequate
supplies of water are available. In Igqaluit, the follow ng
considerations tend to favour the use of closed systens for all
forms of plant culture.

— Water supplies are linmted, costly and should be conserved
as much as possible.

- Irrigation watar and nutrient soclutions must be heated to

25 C at considerable energy expense. The recycling o+ water
reduces heating requirements substantially.

- Disposal of water is by truck not sewer thus necessitating
the construction of water storage tacilities and additional
capi tal /operational costs hot incurred by southern growers.

One of the principal disadvantages of a closed system for
aggregate culture is a resulting accunul ation of nutriznt salts
which are often found to precipitate in the substrate. If a
closed system is selected, special nodifications are required in
the nutrient supply system, nore frequent analysis of scluticns
and periodic flushing (leeching of salts) of the nmedium is
recommended.




1.4.1 PEAT BAG CULTURE

Feat bag cu 1 ture is p rchabjy themost i dely usedsyst emysg
hyd ropan i c veqetablep roduct i on'i nE€astet-nCanadd. |n th is form
ofculture, blackor whi tepoi vethy i 2ne bags ars uzad as
cant ainers 1 nst ead 0 FOt 50 rtroughs. The baasare+i lledwit ha
Widerangeufgrowi ngmedi a. Currentcl vy, th € mos it POp wiar Mix

uti lizedi nOntar 10 greenhouses are peai—1 i temi:: es (comb i na cions
of gph aq num peat moss and sev € ra 1 other i nert mter i ai S suchas
varmi culita, per- 11 te, turf ace or punice) . These in i:: tures are

| dealsi nc = th ev have good waker andnutr iencthoidi ng
capabi 1i t i es and yet remain porous enough to p rov i d2 good
aerat | on of the root zone. Sone of the other possib 1le
conb inat ions that have been ut i 1 i =zed inc |ude

— 40% peat moss; 4g%vermi cU 11 te anag 2% sand or per 1 i te
— 40% peat—-1i te with 60% sawdust, sand or rice hul ls
- 100 % peat-1 i te mi x tures such as Frao-M i:: BX
—S0%Z peat NDSS Wi t h ¢ oarse ag ed sawdus ©
"C ourse washs=d sand
- 50% sand and S0% vermicu 11 te
rock woo 1 and peat-1i t e mi xes

I £ is conceivable that sone of the |ocal substrates avai lab le
around Iqaluit my be suitable for use in bag culture. Local sand
and peat have been successfully wsed by researchers in Rankin
Inlet (Romer 1983) and Pond Inlet (Romer 1987) to produce a wide
range of vegetables. The nmpjority of substrates available in
arctic areas have little to no nutrient content and would need to
be supplied with a constant fertilizat iOn program similar to
other p=at bag nedia. It may be wise to initiate production in
the pilot Geenhouse with a prcven mi: of media and (gradually
experiment wth 1local substrates.

Bags at-e replaced entirely after cne to four crops. IF bags
are used for nore than one crep, the mixzur= may need to be
past eur i zed. In the arctic, the lower incidence of bactarial and
fungal spot-es should greatly reduce the incidence of pathagen
problems and reduce the need for pasteurization. The use of bags
reduces labour requirenments associated with greenhouse cleanup.

Nutrients and water are supplied to each bag at preset
intervals through a network of feeder lines and drip enmitters.
Nutrient concentration and pH is nonitored and adjusted by a
series of controllers and dosing punps f{injectors) which can be
fully automated. Athough best suited +for tomatoes, cucunbers and
lettuce, peat culture has beesn uUsed to prcduce eggplant, peppers,
zucchini and strawberries.
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1.4.2 ROCKWaOOL CULTURE

During the past few years, a substantial nunber o+ Canadian
vegetable and flcwer growers have besgun using an n2ri suestrate
of European origin Known as roc k woo . F oc kwcolis manu f ac tured
iramdi abase, avolcani ct-m:: whi chis sPpun, as ams 1l tan
mater i al, i ntof i b resandsub sequent 1y cooleaandC onp rassadi n to.
slabs ofgi ven dens i ty and snape.

Fockwool IS comeletely starile and eiiminates th2 ne=sg of
pasteurization required of soils and p=at mixzures. [ts large
pore vaolume provides excellent water holding capacity (providing

plants with some bu+fer during feeding punp failure). It Ilends
itself well to automation in irrigation and nutrient delivery
systems. The expected lifetine of the slabs is +rom t to 4 years

and although pasteurization is recommended between crops, many
growers have successfully produced several crops W thout it.

Rockwool slabs neasuring 20 x 0 2 7.5 cm are uszd for
production of cucunber, wmelen, egapliant and squash. Smaller slabs
measuring 15 x 90 X 7.5 Ccm are used for ftomato and pepper
product ion. In addition tO0 these growing slabs, smaller “"grow
hlocks " are wused for growing young transplants prior t0 being sat
out on slabs. These blocks are also used for the hvdroponic
cultivation of lettuce and herbs.

Most growers wusing the rockwool system in Southern Ontario
are producing flowers. Tonmatoes and cucunbers are the two nost
popul ar vegetables grown in this medium Since rockwool is a
relatively new system in Canada, considerable research 1is being
conducted on technical aspects of crop nutrition and selection of
suitable varieties.

ADYVANTAGES % DISADVANTAGES OF ROCKWODL CULTUFE

The primary advantage of rockwool culture 1S 11's sinplicity
as a growing nedium Light, sterile and ready to use slabs
require no preparation and are easily disposed cf at the
conpletion of growing. Al advantages listed for peat bag culture
are applicable to this system Fockwool My be easily adapted (O
a raised trough system or laid directly ona graded ficor.

The primary disadvantage of this form of substrate for arctic
culture is, as for any inported nedia, the high cost of freight
between the supplier and the northern grower. 1If, hcwever, nedia
must be inported, rockwool may be a lighter and lesz expensive
alternative to peat mixes. AswWith peat bag culture, closed
systems are prone to nutrient inbalance, salt accunulation in the
medi um and higher occurrence of diseases than in apen systens.




1.4.3 SAWUST CULTURE

Sawdust is widely used in Wstern Canada where forest
i ndustries are numerous. The culture of plants isvery similar to

that of peat. Since the availability of this resource 1s limited
to arctic growers, it will not be considered +for this report.

1.4.4 SAND OR GRAVEL CULTURE

Sand and gravel culture are the two nost widely used nethods
of hydroponic growing in the world today. The |argest use of
these two nmethods is in the Southwestern States (Arizona 26
acres) and the Middle East (Abu Dhabi 20 acres). The setup and
culture nethods used for these two nedia are simlar and wll be
di scussed together.

In this form of culture, th2 medium iS placed in large beds
or directly on the surface cof the floor. FEeas are 12 to 14 inches
in depth and of varied widths. Two nethods e+ nutrient =supply are
avail able. a&n open, trickle irrigation svstem is most comonly
used for sand culture while gravel Systens use a ciosed recycling
sub—-irrigation technique to provide water and nutrients to the
pl ants. Water is pumpedintothebed from below and allowed to
flood the bed conpletely for several mnutes before draining back
to the storage tank. This system requires large storage tanks and
is inpractical in a small greenhouse situatien.

ADVANTAGES % DISADVANTAGES OF SANLD % GRAVEL CULTURE

The primary advantage of these zystems IS that, once
installed, no replacenment of nedia is necessary”. Th= prinary
requirement for these svstems IS good quality sand (concrete
river wash ©.6-2.0 M) or gravel (crushed granite) having gcad
drainage but still able to retain moisture. Thess my not be
available in the north and are far too costly to inmport. The
construction of the growing beds, reservoirs and support systens
are costlier than far other aggregate systems. The medium must be
sterilized with steam or chemicals between crops and the remcval
of root material is difficult and tine consuming. Salt buildup is
common to both nedia and routine fiushing is required.

Perhaps the largest disadvantage to these systems in the
arctic context is the difficulty of maintaining the tenperature
of the nedium Heating pipes installed directly in the nedium
have not proven very successful. Alsa, few if any Canadian
greenhouses utilize these growing systems and support information
is mnimal.




1.S SELECTION OF GRONNG SYSTEMs
FOR ECONOM C EVALUATI ON

Basad on th= advantages and dizadvantages c¥ the sifrerent
growi ng systems described in this sact:ion, tne thrze systems
which, in the opinion of the author, are likely to be best
suited for arctic culture are:

NFT CULTURE
PEAT BAG CULTURE
ROCKWOOL CULTURE

The primary reasons for selecting these systems is that they
require simlar setup and support facilities and are to some
degree interchangeable (In the proposad designs whnich follow,
NFT nay be converted to peat bag Or rockwool or Vvice-vet-s=).

In the following sections. ail three growing systems will be
evaluated and information Will be supplied on technical aspects
of design as well as suppliers and related economic=. Foar peat
bag and rockwooi culture, both clecsed and open systems will be
evaluated in terns of costs and practicality.
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SECTION 2

| NTERPRETATION OF THE MARKET SURVEY AND SELECTI ON
OF SUITABLE VEGETABLES FOR IMNITIAL PRODUCTION

The s=eceond secticn of thiz repori will review the Greenhouse
Mar ket  Survey Y Market Study far a Cammercial Gresenhouse in
Iqaluit, NWT " Dean Hay , March 1988 and exanm ne other factcrs

relevant to the selection of suitable vegetable varieties for
northern greenhouse production.

The selection of suitable greenhouse vegetables will
be mde wuszing the fallowing criteria :

LAl ECONOM C FEASIBILITY

Economic Attractiveness
Weekly  Consunption
Popularity

Product Supply

LBl HORTI CULTURAL FEASIBILITY
Suitability for Greenhouse Culture

Suitability for arctic Culzure
Technical Support Facilities

The horticul tural and econonic considerations wll receive
equal weighting in the final selection process.




2.1 ECONOM C FEASIBILITY

Using the market

survey,

the top ten vegetables

imported to

Igaluit may be ranked acrcording to (17 Consunption and (2) Total
Mar ket  Val ue.
TABLE 1 Weekly consumption and markat value of fresh
vegetables imrported tc Igaluit (January 1523)

VEGETABLE WEEKLY RAT | NG WEEKLY TOTAL RAT I NG
TYPE CONSUMFT | ON MARKET VALUE
FOTATOES 3245 1b 1 Z,.887.51 1 Joe
LETTUCE ( 4 ) 711 head 2 zZ,528.15 2
TOMATOES 54% 1b 3 1,388.80 =
CARROTS S7S 1b 4 22.2% 4
ON 10NS S28 1b = 60OZ.25 S
CUCUMBERS (%) 4035 1b ) 779.57 &
C% ! IFLOWER 111 head 10 710.4G 7
FROZEN FEARS 260 1b G TO7T .20 8
CELERY 339 stalks 8 664,44 4
CABBAGE 265 1b 7 5946.735 10
¢ # ) Total of Ilceberg and rRomaine Lettuces
( #) Total of Regul at” and En g 1 i sh Cuc umb € rs

From Table 1, it is aprparent that potatoes, letituze and
tomatoes are the primary vegetfapies ceopsumed in Igaiuvis. The
total weekly markest valiue of these three vegetaniss is
$ 7,304,357, or SI % of all vegatables surverec.

Trad i t iona 11 y, greenhouse CU 1l tivatienisfat- ezst1i et than
fieldeulture, even when inportation cests are €6NS jdered.
Greenhouse culture is nore labour intensive and production is far
| ess nechanized than i3 possitle in the field. Capital and
overhead costs, particularly in northern climat=as, greatly
increase production costs. For economc reasons, few of the crops
listed in Table 1 are ever grown in a greenhouse.

Table 2 illustrates the= potential return for the mgjor
vegetables consumed in Igaluit assuming greenhcusze culture iS
possi ble. The production +figures quoted far the root crops such
as potato, on ien and carrot at-e field estinmates plus 204
(assuming increased yields under greenhouse culture) .
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TABLE 2 Potential returns ($/week/acre) for the 10 top

veget abl es caonsumed in Igaluit assumng culture
in greenhouses iS. possible.

VEGETARELE FROCUCTION YIELE VAL UE FOTEMNTIAL
TYFE rERIOD /acre £/1b RETURN
viraks/Crop $/whk/acra
FOTATOES 20 15.900 1b 1.29 Fai
LETTUCE Leaf S2 220,000 hd T.84 2a 156,330
TOMATOES 2 200,000 1b 2.13 230
CARRQOTS 10 35,000 1b 1.43 S,005
ONI ONS 20 28,000 1b 1.53 2,142
CUCUNMBERS
Engli sh 32 220,000 cuc  4.08 17,261
Regul ar S2 220,000 cuc 1.40 5,92z
CAULI FLOWER 14 10,000 has 6.30 ea 4,571
FRQOZEN FEAS 10 2,000 1p 2.72 544
CELERY 15 20,000 1b 1.%95 2,013
CABBAGE 16 13,324 1B 1.53 1,260
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Based on the figures estimated avcove, it is apparent that

| ettuce,
attracti

English cucunber amnd tomato are potentially very
ve as craps for Geenhouse production.

FRODUCT ESUFFLY

One of the essential regquirsmentz of the nortnern market is a

const ant

and reliaole supply af procuce. The major vegetables

consumed in Igaluit mav be divided intotwo 3Jrouss accorcing to

tha nat

ure of tneir harvest:

(&) CONTINMUDUS HarVEST : Fruit -preducing croes such as tomat O

(B)

cucumoer and Feppar at-e characiazrized by multiple fruits
produced and harvested over several nonths of tine. This
type of vegetable is desirable far the northern greenhouse
as it ensures a continuous supply Of preduce over a long
cultivation period.

SINGLE H&RVEST @ Most crops tall under this category.
Flants grow fOor a period of tinme and are harvested
destructively at tne end of the cultivation period. In
order t0 ensure a steady supply of produce it is necessary
ta continuously initiate cultivation of new plants where
previous ones have been harvested. The cultivation of such
crops under greenhouse conditions would increase labaour
requirenents and costs associated with seeding,trans-—

pl anting and cleanup between crops.




FOFULARITY

According to the survey, respondents were unanimous in the
choice of fresh veg2tables they would like to see made locally
available. Of the major =sconamic crops listed in Table |,
Tamatoes, Lettuca and Cucumboers wers zZ22n as the mest desirablsa
choices. OF primary concarn to the survey respondents was tha
availability of vegetables of "Consiztent Juality”

Thisr-elatesdirect 1 ytothe currentqua li ty of p roduce
avai lapletolozaiccnsumersi Nnmastnorthaerntowns.,. Tvpi c2lly,
S torage craps such as pot at ses,carrcts,andoni en s h a/e the
largest cansump t* ion because they are gas i 1y transported, have &
longshelf 1i fe and are of cons is tent quali ty.In cant rast,
per i shab1l e p reduce such as tomatoes, 1 et tuce and a 11 sa 1 ad greens
tend to have a very short she 1 f 1 i feand frequent 1y suf fer damge
during transport. These factorsresui %t in vegetabl es of great 1 vy
var i ed qua li ty.

The se 1l ect | ¢on of vege tab 1 es shou 1 U the: efors at tempt tof i 11
the current need for bet ter quai ity p roduc e of the mor=
pericsnab i e varieties. The sei ect ion of popul ar vari et ies wi 11
a 1l so guaran tee a st eady market demandf or ] ocalgrowsrs.

2.2 HORTI CULTURAL FEASI BI LI TY

Theoretically, nost vegetables can be succeszsfully grown in
gr eenhouses. Greenhouse vegetables produce (greater vislds per
acre over a shorter period of time than conparable +fieidg crops.
Despite these +eatures, only a linited number ot vegetables are
currently produced in green houses due ko th2 far greatar
production and capital costs invoived. O+ the major vegeiabies
con sumed in Igaluit, the follcocwing cra2s are activ , being grown
under gi ass in Canadga :

NUMBER OF FERCEMT VALUE
GREENHOUEES OF TOTAL GF CRQOF

1. TOMATO SE7 2% % J0 Million
2. CUCUMEER =81 I8% $ 22 Million
3. LETTUCE

4. GREEN FEFFER 70 107

S. SPINACH
&. HEREBS AND OTHER

Statistics Canada 1987




Since the greenhouse culture ofany vegetable in the north

will be to sone extent experimental, the degrea of i nformation
and support facilities available to the growerwill be essential
for successful operation. It is therefore recommended to select

vagetable varieties and cultivation methocs which are mest
conventiocnal and currenzly being carried out in Can da. A% the
presant time, tne largest rnumber of acres undsr glaszs iz de wosad
to four vegectable crofs:

1. TCMATO 1 8.5 Million ftZ (Cntarin)
2. CUCUMEER : 5.8 Million +t2 (Cntario?
3. LETTUCE No figures availabie
4. FEFFERS Ne figures available

The northern grower may, through consultation with other
growears in the south, benefit from tine-tried technology and
years of experience. In addition, alargznumnberofsovernment
and comercial enterprises exist to provide horticuliural support
to growers. As one may expect, the most intormation 1z availaole
for the cultivation of tomato and cucunber as thes= are the
leading CrOFS Produced in the country $T0CaY¥. poth European
(seedless) and Anerican varieties of cucunber can bs produced
under hydreoponic conditions as can over half a cdczen varisties of
t omat o.

Lettuce plants ar2 well suited to hydroponic culture in
Canada by wvirtue of their small size, rapid growing cycle, low
temperature and lighting requirenents. A wide range of autonated,
conti nuous—producti on growing systens have been developed and
tested around the world. Despite these features, total production
of greenhouse lettuce remain= small a% the present tinme as most
growers prefer the nore profitable returns of temats and cucumber
cul tivation.
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DPespite the SUCCeSSfU operation of these and othar lettuce
greenhouses. the market tor leat letituce 1 imit=d in Canada.. #n
estimated F0% of Canadian |lettuce production (primarily southern
Ontario} is exported to the Unit=d States wnere the demand iS
high. Ironically, Canadians prefer head lettuce <("Icegerg") and
inmport tons from the Southern States annually. At the present
time, head lettuce cannot be grown in totally enclosed

greenhouses due to a genetic problem and reduced iight |evels.
Research in Holland has produced a small, |oose-headed variety of
lettuce ("Crystella®) out at present it is not of narketable
quality.

Although head lettuce cannot be considered for production in
a northern greenhouse, it is this author’s belief that a higher
quality, reasonably priced |leaf lettuce can conpete in the
northern marketplace. As with many inported products, increased
utilization will crime with increased exposure and triai.




SU TABILITY FOR ARCTIC FRODUCTION

The three major factors influencing greennouse cultivaticn i1n
arctic reglons are cold tamperatures, irrzgular light lavels and
lack of suitable soil substrates.

(1) soiL

Thel ackof sui tabl e subst ratesi ntunc raresion= p resant =
the great st obs tac 1 = to convent i ona 1 p recduc t ion aof any crap. The
sel ection of vegetables nust therefore be made an the basis of
the plants ability te grow in

LAl snmall quantities of inported soil, or
CLB] in soil less culture nmedia such as rockwocl,
peat, sand or water.

The soilless culture of tomato, cucumber, lettuce, and
peppers is well developed and actively pursusd in greenhouses
across Canada. Unfortunately, all root crops such as pmtata,
carr~aot and onion require large quantities aof soil and are less ,
adaptable to arctic culture. Some success has been obtained with
the culture of potatoes in peat mxtures.

(2) CGLD TEMFERATURES

Al though greenhouse tenperatures nay_ be maintained at any
desired level, cool weatner craps (Potato, Lettuce, Oni on,
Carr ot , Caul i fl ower, Cabbage, Broccoli? should be more resistant
to tenperature changes and produce nore favaourably in ail seasens
than warm weather varieties. The passibility of large =cale
outdoor or cold ¥frame production of thes2 popular vegetables
during the arctic sumer sheouid be censidered as a Tuture
gxpansion opticn to any greenncucse gpers tion.

(Z) LIGHTING

The lighting conditions in arctic regions are also a cause
for concern in northern horticulture. In sumer, the extended
photoperiod my unfavourably in fluence flower and fruit
production in +$ruiting crops while causing leaf crops to bolt to
seed. |t nmay therefore be necessary to include "black out”
curtains in any greenhouse to artificially simulate nighttime
conditions. In the opinion of Horticulturalist Eill Straver
(OmarF, Horticul tural Fesearch Institute of Ontario, Vineland),
both lettuce and cucumber should be able to grow w thout adverse
effects under tne long day length. Tomato plants may require 4
hours of darkness.

-
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In winter, low light levels require the use aof supplenental
artificial illumnation and vegetables regquiring lower light
levels for production wouldbe selected. Le2ttuce in particular
favours low growing tenperatures (B®~ 10°C) and low light |levels
and may Ete grown solely under 100% artificial illumination making
it an ide=al candidate for vyear-round preguction in a nertheaen
greenhouse. Researcn at Laval Universiti=ss Centzr ftor Shelterad
Crop Seecialization have demonstras=d that tcmato and cucumber
production can also be maintained at reasonably nisn lavels using
artificial lighting. The deciding factor with respect to winter
producticn of these crops will theretore pz primarily economic.

2.3 RECOMMENDED CROPS

Based on an assessnent of 2concmic and horticultural
-feasibility, the foilowing tnree= crops have been chosen as most

suitable candidates for preliminary trials in Igqaluit.

1. LETTUCE
2. TOMATO
3. CUCUMBER

The following principal reasons are sumuarized:

- these crops have high market value and high |ocal consumption
but have a linmted shelf |ife and are of inconsistent quality.
In contrast, potatc, carrot and onion can easily be shipped
and stored wth negligible 1lass of quality tocconsumers.

- the greenhouseculzureof these crcps 1S teing succ2ssfullv
denonstrated in Canada today.. In conirast greemnause cultiva-
ticn of cool weather crops (portata, Ccarrat ana cnion) would be
nore experimentai and with uncertain results. Foot crces wculd
also require large quantities of scil unavailable in Isaiuit.

- these crops have been able to compete successfully with
imports on the southern narket and can bes expected to follow
suit in the north.




a wide range of cultivation techniques and growing systens
have been successful in producing these three vegetables.
Consequently a 1large nunmber of products and information is
readily available from Canadian and émerican suppliers.

the suitatiliity of thes2 crcps to soillass culture is weil
cemonstrated. This f2ature eliminates ths need +or =s0il which
is scarce and involves elaborate and cosily sterilizaticn
procedures betwes=n Crops. '

a  large support network i1s avai iable to growers of these
veget abl es (government and industry).

these crops have been successfully grown under winter
conditions insouthern Canada and wll 1likely adapt well
to the cool climtes of the north.

tomatoes and cucunbers have a long production ssason W th
conti nuous harvest of +ruit over 6 to 8 months. This reduces
labour costs involved wth seeding, transplanting and cieanup
between crops. In contrast, nmost of the ether erofps currently
consuned have a long growing period with single harvest.

lettuce <(leat) has a rapid maturation and can b= produced in
just over 7 weeks from seed. Wien cultivate in NFT hydroponic
systems, up to 7 crops nmay be produced 1in one year. New
designs” in lettuce hydroponic culture pernit the continuous
cropping of plants 1n one bed.

although thes2 thrse crcps are r2commended 2+ initial trisls
in an arctic greenhouse, a wice range of other plants may al so
be produced seasonaily uncer cutdoor zonditicns in cold frames
and small quonset-type greenhcuses convent:i:onalily used for
bedding plants in the south. S=asonal production of caboage,
turni ps, beets, onions, carrots, brcccoli, cauliflcower,
chinese cabbage, lettuce and spinach would increase variety of
| ocal produce and satisfy sone of the increased nmarket denand
characteristic of this tine of year. This possibility should
be considered as an “expansion option” <for the greennouse
operation and only be considered once the primary growing
systens have been successfully established.

T
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SECTION 3

PRODUCTION SCENARIOS FOR TOVATO, CUCUMEER
AND LETTUCE CROFS IN IQALUIT GREENHOUSE

In this secticn, a numper of scenarios will be gresented for
the production o+ tomatoes, cucunbers and lettuce. The follcwing
topics are covered:

1. LENGTH G©OF FRODUCTION SEASOM
2. PRODUCT MIX

~- SIZE OF GREEMKOUSE

4. TARGET YIELDS FOR EACH CRGP
S. GROWING SYSTEM

6. SUMMARY OF gCENARIOS

3.1 LENGTH OF PRODUCTION SEASON

(A) TOWATO AaND CUCUMBER

Both crops have a simlar cultural design. Seedlings and
young transplants require between 1¢ and 14 wesks of growtn
before they b=gin production cf harvestapie fruiz. The subsequent
productian periad mav be extenczd for up %o 2 wear providing
cultwral requirements are satistied (iighting ang fervilization’ .

Since both these crops require high lignt ievels and warm
temperatures for graowth, nMd-winter praoduction utilizing
artificial illumnpnation is likely to be very costly. For this
reason, two production periods will be evaluated:

(1) 8 MONTH PRODUCTION
(2) 12 MONTH PRODUCTION®

A nunber of pctemtial production schedules +or both cptions
are presented for consideration in Section 5.7 of this report.




(B) LETTUCE

Lettuce plants have relatively |low iighting reguirements and

can be successfully procuced under artiticial illumnpation. In
addition. growth tenperatures +or this crop are low and recuire
smallier heating requirenent=. £ince there 13 a hisn demand for

this vegetable, and since initial indications suggast ‘Wnter
cultivation is feasible, a 12 nonth cultivation period is
recommended. The time required +rom seed £o harwvest extends from
ot o010 wee k.S b u %t an average of E weekspPe r C "cp w i 11 be used f ar

our Calcul . ti ons.Thi sreprasant 3 an averaga ot &. S c ropg/ year.,

3.2 SIZE OF GREENHOUSE REQU RED TO MEET
CURRENT MARKET DEMAND

In order to determ ine the s i ze of g9 reennouse requ | red to neet
current market demand, th ree sets of stat 1 5t 1c3 are reau i red:

1. Length of growing season
2. Average yields of crops under greenhouse culture
3. Mrket demand

AVERAGE CROF YIELDE FOR GREENHUOUSE VEGE

Tab 1 2 3 1 1s ts conservat i ve es t 1ma tes rep or ted for the
hvdropon 1 ¢ culture o¥ our = se 1 ec ted vegetab 1l es in Canada-
Es ¢t 1 M tes for tomato and cucumber p 1 an ts ate b as=deontozals of
spr i ngand f a 11 craps averaged over an 8 nonth cu 1t ivat ion

per i od. Since little data exists #for Product jon over a 12 nonth
period, estimates wll be generated from the € nonth data.
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TABLE 3 Average vields and recommended growing area
per plant for tomato, cucunber and |ettuce
produced in greenhouses in Canada.

1] & MONTH FROCUCTION SEASGOHM

YIELLD AREA/FLANT YIELD/AFEA
TOMATO 201lbs/plant 5§ t2 4 1bs/ +%2
CUCUMBER 45 cues/ pl ant 9 +tZ2 51bs/ f t2

€21 12 MONTH PRODUCTI ON SEASON

Yl ELD AREA/  FLANT Y i ELD 7/ AREA
TOMATO = 32.9 lbs/plant S ft2 6.5 lbs/+t2
CUCUMEER : 72 cucs/plant ? +t2 8.0 lbs/+t2
LETTUCE = 6.3 heads/yr 1 ft2 6.3 heads/ +:2

MARKET DEMAND

The marke t demand +or the th ree szl sc tad vege tan 1 es | S taken
+ ram Dean Hay “Market Stud> +or a Comme rc i &1 Greenhouse i n

| qaluit, MWT™ March. 15€8. For the purposes o f thi = rercrt. be in
sormso0f letctuce (| cebergand Romai ne) and cucump =1 ( resular
slicing and Engli shseaedl ess) Wi lltecempinedi ntheesti mated

tc ta 1 market demand. | t is expec ted tha t cons ume rz wil 1l 4 avou r e

the + resh er, 1 ocall y produced i temregardlessofvariezty.

Weekly Consunption in Igaluit (Jan 1%€8)

LETTUCE ; 710 heads/week
TOVATO ! 650 | b/ week
CUCUMBER 405 | b/ week \

(from Table 1)
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The growing area required to neet current weekly demand isS
calcul ated as:

LENGTH OF FRODUCTICN SEASCM . MARKET DEMAND + EZAF=TY
YIELD / UMIT AREA MARGIH

(#) SAFETY M& RGIM: Tomata ang cucunber piants are not
characterized by a unitorm harvest of +ruits week 1n ang wack
out. Production levels vary witna the age of the plant and stage
of devel oprent. Sone loss of fruit nmay also occur due to disease

and during packaging. It is therefore recommended to overproduce

to nmeet target demands. A 15 % margin will be enployed for these
calculations. Lettuce is nore reliable and does not require such
a high nmargin. A S%Z margin wWll be employed.

Using the values estimated above, the +ollowing growing areas
would be required to meet current demand for these three
vegetables in Igaluit:

TOMATO 5,720 +t2
CUCUMBER 2,830 £t2
LETTUCE S.960 ft2

A total of 14,320 +t2 of greenhouse caomple: would be
i mmedi atel y required to meet current demand. This represents a
third af an acre o+ greenhouse area or IO fe=t x 453 feet.

3.3 PROPOSED PRODUCT MIX

The fol | owing product m:: is prcposed for the initial greenhouse.
TOMATO . . . . 40% OF TOTAL GROWING AREA
CUCUMEER . . 2Z0% OF TOTAL GROWING AREA
LETTUCE . . . 404 CF TOTAL GrROWING A&FEA



3.4 SIZE OF GREENHOUSE

In consideration of the experinmental nature of =his project,
a starting volunme of bet ween S0% and 75% O current markat denmand
=hould be attenpted. Two greenncuse sizes will provide this range
of product ion ardwill be examined+fortnis repor t:

(1) 7,500 ft2
(2! 10, oocft2

3.5 TARGET YIELDS ESTIMATED FOR
INITIAL  PRODUCTION TRIALS IN IQALUIT

Using the infornmation presented in the previous sections, it
is now possible to calculate target yields for our selected
scenarios. For the purposes of these estimaktas, it will be
assunmed that the three selected growing systems are eqgqually
productive. Table 4 summarizes production areas, piant numpers
and target yields for the Igaluit greenhcuse. These est i mat es
will be usad in the following sections to deternine cost
estimat=s and design laycuts.

TABLE 4 Recommended initi al producti on areas, plant nunbers
and target yields for the Igaluit greenhouse.

VEGETARLE AREA OF FLANT TARGET VYl ELDS
CULTIVATION NUMEER VE ERLY ANNUAL

7506 £t2 GRESNMHOUSE

TOMATO ZL,000 2 &0 375 iosiwk 1Z,000 lbs (S ma;
. 19,808 1los (12 mo)

CUCUMEER 1,300 12 167 235 los/wk 7,300 lbs (8 mo)
12,000 lbs (12 mo)

LETTUCE 2.000 ft2 3000 375 hds/wk 12,500 hds (12 mo)

10,000 £t2 GREENHOUSE

TOMATO 4,000 ft2 800 T0Q lbs/wic 16,0G0 1bs (8 mo)
26,000 Ibs (12 mo)

CUCUMEBER 2,000 +t2 222 310 lbzs/wk 10,000 1bs (8 ma)
16,0030 1bs (12 ma)

LETTUCE 4,000 £t2 3000 S0 hds/wk 26,000 hds (12 ma)

]
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Having evaluated the target yields far twa potential green-
house sizes, it isnow possible to estimate nore precisely the
proportion of the current market demand which can be satistisd by
their production.

i 3% LETTUCES
% MARKET = WEEZMLY FPRODUCTICHM ~ SAFETY MARGEN (1S% ToM/CUC)
DEMAND
MAREET DEMAND
CROP 7,900 ft2 10,000 £t2
TOMATO I20/650 = S0% 425/5350 = &3%
CUCUMBER 200/305 = SOU Z55/405 = &3W
LETTUCE 3957710 = 3S0% 479/710 = 4T5W

From this table it follows that the initial production
estimates will be able to satisfy between 30 and &5 percent of
current market demand.

DESIGN FOTENTIAL OF GREENHOUSE

Since all preojects shoula evaluate ruture axpansion
potentials, the current project will take inta considarar:on the
possible increaze of total growing spacz to 10,000 £52 per Crop.
£11 growing systems will b2 gesignes with this tar3ez in mina and
future expansion will primarily inveolve siructural additicns to
the existing grea2nhousas.

Inth= fol |owing table, the author has predicted maxinmm
production capacities should all three crops be increased to a
maxi rum area of 10, QOO ft2/crop. (Total of 3I0,000 ft2 of growing
area). An additional “bunmper <crop” prediction is added to
illustrate potential vyields of above—average crep=z= and seasons.
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Table S5 Fotential production of Igaluit greenhouse assum ng

expans 1en of a 11 thee2 Cc reps to 10, &G +1 24 C rop ang
So% 1 n crease in crop yields.

CROF AVERAGE FERCENT GF HIGH FERCENT OF
WEERLY CURRENT WEEH LY CURRENT
Y IEL DEM&ND (%) YIELD CEMAMD  (32)
TOMATO
10,000 ft2 1, 250 lbs 200 % 1,875 lbs 300 %
CUCUMEER
10,000 f£2 1,540 lbs IL0 % 2,30 las SO %
LETTUCE
10,000 2 1,250 hds 175 % 1,50G hds 210 %

Cear 1y, the future “design” potential of the Igqaluit
greenhouse is substantial. Not only can it be expanded to nmmtch
the local demand for produce, but it may alse surpass local and
nove to supply regional requirenments as well.

3.5 CRONNG SYSTEMS

As was outlined in Section 1, three growing systens wll be
evaluated in this report. These are:

NFT CULTURE

1.
L. PEAT BAG CULTURE
3. ROCKWGOL CULTURE
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3.7 SUMMARY OF SCENARIOS FOR ECONOMIC EVALUATI ON

The fallowing summary ©f the scenario options is presented
for use in the subsequent sections:

SIZE OF Al 7,500 +t2 (Bl 10,000 52
GREEMHOUSE GREEMNHOUSE SREZMNHGISEE
GROW NG CAJ NFT LBl PEAT BAG {(Cl ROCKWOOL
SYSTEM CULTURE CULTURE CULTURE
NUTRI ENT [Al OFEN LBl CLOSED
{ECOVERY SYSTEM SYSTEM
GROWING LAl 8 MONTHS LBl 12 MONTHS
SEASON

CROF LAl TOVATO [kl CUCUMEER {CJ LETTUCE
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SECTION 4

TECHNICAL INFORMATION RELATED TO THE
GROWING AND LIGHTING SYSTEMS

This section will present additional technical infornation
related to conposition and layout of the three growing systems
proposed in Section 1.5. The layout of the lighting system and
sone details on a potential outdoor growing house will also be
provided.

4.1 SUPPORT OF GROWNG MEDIUM FOR
OPEN AND CLOSED SYSTEMS

Cenerally, nost southern greenhouses growing vegetables in
peat bag, rockwool and NFT culture place the plants directly on a
| andscaped greenhouse floor. INn the arctic, cold soils wunderlain
with permafrost render this practice inpractical. It is therefore
reconmended that all plants be either (a) raised on a support
system (illustrated below) or (b) placed on thick slabs of
insulation to shelter the root zone from the cold.

’ @ S ©

FIGURE 3 Supper t systens convent i ona 11 y uti 1 i zed for NFT,
peat bag and rockwool cu 1 ture.
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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 of insulation from the cold
floors. This nethod also contributes to warnmng the nutrient
solution which is re-circulated in the troushs. ESecondl v, the
drai nage o+f solutions out of the systam is greatly improvea since
trough slop2s can be nore accurately adjusted <oroper grading of
greenhouse floors s a very difficult tasky .

A wide nunber of materials may be us2dfor troughs, although
high density polyethylene is recomended to reduce phytotoxicity
af 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 ta line the
inside (as for NFT system described later in this section). A
simple design for single and double gutter supports is
illustrated in Figure 4. This design is availaole comercially
from Harnois Industries (and quoted for in tn= economc section)
but may also be nmanufactured +rom local mterials to save
shi pping costs.

The design of the trough support system is sufficiently
flexible to permt use of any of the three growing systens
described in section 1 as well as the possibility of future
conversing from one system to another.

Careful attention nust be paid to grading of the traoughs,
gutters or floors t0 ensure a continuous slope of 1:75. This will ~
assure proper flow rates across piant roots in an NFT systam and
wWill drain returning water effectively.

In addition to primary heating pipes under the support
system, FUC tubing of Small diameter nmay al=o be ilaid down t he

center of troughs (only under peat bag and rockwool substrates)
to inprove root zone temperatures. This is of particular

i nportance if substrates are not raised on a support system but
are placed directly on a graded greenhouse fl oor.

-
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FIGURE 4a Structural drawings of NFT support system
(Harnois Ltd. , St Thomas, FP®)
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FIGURE 4b Structural drawings of NFT support system
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4.2 GROWING MEDIA AND NMATERI ALS FOR
AGGREGATE AND NFT CULTURE

The basic design of NFT and aggregsate growing svstams has
been adequately described in section 1 of this report. This
section will sinply provide scme addgitional information
concerning suppliers of these products.

4.2.1 NFT CULTURE

(A) TOMATOES / CUCUMBERS

The basic design of the standard MNFT setup for tomatoes and
cucunber-s is illustrated in Figure 4. A Wde variety of trough
materials are commercially avaiiable. Focr example, Canadian
Hydrogardens Ltd of Ancaster, Ontario supply black/white
co-extruded fiim "Gro—tube" designed specifically for tomatolFT
cropping. The plastic tube is replaced after each crop permtting
a rapid cleanup of the greenhouse.

(B) LETTUCE

A nunber of commercial channels are available +Forusesina
conti nuous cropping setup. Suppliers include Canadian
Hydrogardens Ltd of Ancaster, Ontario; Feter Zwart and Associates
of Grimsby, Ontario (REHAU gutters); and Hydro-Gardens of
Colorado Springs, CQ (Nutrient Flow System

4. 2.2 PEAT BAG CULTURE

A wide range of potential nixtures is described in section 1.
A mnimm volunme of 10 litres (2.5 US gallons) is reconmended per
plant for bag culture. Comercial operations tend to use Z0 litre
bags holding 2 tomato plants or 1 cucunber plant.

Speci alized bags are available #rem Hydro-Gardens Inc. in
Colorado made of wultra-violet stabilized EVA plastic wnich is
much stronger than conventional polyethylene. Alternately? sone
peat mxes are supplied in ready—-to—grow bags- For eiample,
Shanrock |Industries of Norwich, Ontaric markets spec:ally biended
“tomato mix” and "Florida cucunber mix" in ready-tc-use "Speedel
G o EBags".
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4. 2.3 ROCKWOOL CULTURE

Rockwool slabs are produced in two s:izes:

CUCUMEER “: 20 .0 x 7.3 €m
TOMATO D12 % %0 x 7.9 em
In addition to thesa growing slabs. smaller “Germ nation
cub=s" (tomato and lettuc=: and "grow clocks" {cucumber) are us=d

for arowing young piants prior to peing s2f cut an slabs. Slacs
are individually wrapped in two-sided peolyethvlene (black insiaqe
and white outside] to reduce al gal arowth in the root zone and
reflect light to the lower I|eaves of the crop.

The leading supplier of Rockwool products (trademark GRODAN)
is Grodania A/'S of Denmark. Brodan products are now readiiy
available to Canadian growers through Aerodynanmcs of Ercokiwvn,
NY, via distributors in Quebec (Harnois Industries), Untario
(Feter Iwart and Associates) and other provinces. Fscentliy, Flant
Froducts of Bramalea, Ontario announced the arrival of a Canadian
produced equivalent (tradenmark FARSR0O). This Product 153 currently
being tested and should be available to growers by late 1983.




4. 3 LAYOUT OF GREENHOUSE GROWING AREAS
AND PLANT SPACING

The spacs requirements +ar cCultivating tomato piant
from 4.7 to S FtZ/plant and for cucumper trom 6.5 to T
Since the arctic culture of theses vegetabies 1= still
expaerimental, the current desizsn will utilize chne greater figure
in =2ach caze. Aft2r the praospective growsr Nas complated savearal
crops, plant densities may b2 increas=2da siightly to i1ncrease
plant numbers and vields. A 20 foot greennguse wicth will be used
for the proposed layouts.

5 range
t+Li/piant.

Lettuce plants have very snmall space requirenents, often 7
inches square wll be sufficient. For the put-poses of this study
a global 12 square inches (1 ft2) will be alloca tea to
p reduc i on.

1. -SPACING : TOMATO @ Fl ants are grown in double rows separated
BETWEEN by gullies 12" wide. Aisies betwaen rows
ROWS are 3Ia" wide (Fig 7). Bullies are used to

lay nutrient solution feed iines. Rows
are oriented across the width of the
greenhouse and are 24 feet in length (se2e
typical cross-section in Figure 5.

CUCUMBER : Flants are grown in double rows Separated
by gullies 12" wide. Aisles between rows
are increased o &0" In width (Fig 8).
fows are orientec acraoss the width of the
greenhouse and are Z3 feet in length (see

=

Fig 5S¢

LETTUCE : Spacing betwesn channels is adjustacles in
t h, proposed "moveabie" svstam anc will
vary freom 1 Dbetween channels during the
seedling stage to around 1Z" between
channels +for mature plants. (See Figure
2 in section 1.3.1). Channels are 24 feet
in length and failow the sane cross-
sectional profile illustrated in Fig. o.




FIGURE 5 Typi cal greenhouse cross—secti
of tomato of cucumber crops. !
directly on the floor; the mii
is reduced by 18 to 24 inches
0t ’0 \~ ,l\~
48"
&% T_ CROP CANOPY
2"
36”
AISLES ®
} i )
é I 12’18'$ ”

A\

FIGURE 6

30 FEET

Typical greenhouse cross-see tion far hydropon i

product ion of lettuce CropPs -
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. SPACING TOMATO
BETWEEN
PLANTS

IN ROW

CL! CcuMBER :

LETTUCE

3. VERTICAL PROFILE
OF THE GREENHOUSE

TOVATO

CUCUMEBER

LETTUCE

Flants are placed 1

a total of 20 plant
Qlture. 2 plants «
while in peat cultt

p iants mav be grow

Flan ts are p 1l aced
of 12 p1lan ts per
plan ts at-e grown |
cui ture, wsually
bag.

The spacing between plan ts in the channel
isf i xed at 8 center to center allowng
a maxi mum of 3é plants per channel (224').

130th tomato and cucunber plants produce
vines over 6 feet in heisht. This fzature

combined with the need +or artific jal
illumnation results in a tvpicaliy high
vertical profile for a greenhouse.

Flants are supported by vertical wt-es
above the growing trough (Figure 7)

Plants are supported by wires wnich form
a y pattern above the aisles (Figures 8).
This arrangenment optinizes tne plant’s

light recertion and facilli tates inspec—
tion and harwvest 5t cucumbers when ripe.

Lettuce plants have a very low vertical
profile and do not requit-e as much head-
space as the talier tomato and cucumber
crops. For this reason, and in the
interest o+ energy conservation, the
vertical profile of the lettuce house
may be substant jally reduced.




FIGURE 7 Typi cal row spacing and vertical profile of
tomato plants in greenhouse.
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FIGURE 8 Typical row spacing and vertical profile of
cucumber plants in greenhouse.
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4. NUMBER OF ROWS
FER GREENHOUSE

The nunber of
the scale of

The +following table outlines
of rows/channels that wiil
for a 7,500 +t2,
30,000{&2 green naus 2.

fest

rows will wvary according ta
the greenhouse operation.
the nunber
be required
a 1to,000 f €2 and future
ALl rows are Z4

3 f=2et on =2ach

in l2ngth le2aving

side of the greennouse

tor walkway.

TABLE 6 Greenhouse dinensions and nunber of rows required
for ditferent size options
GREENHOUSE
S| ZE 7,500 +t2 16,000 Ft2 30,000 Ft2
TOVATO 3,000 ft2 4,000 ft2 10.000 £t2
30 xu 1007 30 x 135° 11(‘ ~ 3357
30rows (24°) 40 rows (24°) Joraw o (2q
CUCUMBER * 1,500 f££2 2,000 +£2 10,000 +t2
30 x 907 20 x 707 O ou IS
13 rows (247) 17 rows (Z4° S0 rows (2477
LETTUCE : I,000 FE2 4,000 +t2 10,000 +52
30 x 1007 30 x 13357 0 I35
84 rows (Z4°) 112 rows (2477 250 rows (24}

- a1



4.4 I RRIGATION AND NUTRIENT DELIVERY SYSTEMS

Crop Nutrition and 1i1rrigation are the most impcrtant aspects
of growing plants hydrcponically. Bath water ana acgrecate
culture systems chosen for consideration in this project utilize
simlar equiprment and mterials arnd will be described together. A
brief summary of operating principle= 1s provided. Flease refer
to illustrations of eclosed ana cpen systems in Ficures 9, 10, 11,
and 1Z on the +ollowingpages.

In a closed hydroponic system (Fig 9@, 11), the nutrient
solution is circulated between a catchment tartk or reservoir and
the plants in troughs. At the catchment tank (Fig 1), automatic
controls and netering pumps (injectors) nonitor the water and add
liquid fertilizers plus acid according to preset conductivity
(ECQ) and pH limits. The tenperature of the soluticn is nmaintained
using heating coils imersed in the tamk. In Igaluit, it my be
more economi cal to instali a water to water heaf exchanger to
heat the solution tank (instead of electrical imersion heater).
Fathogens and algae are controiled by irradiation wth
ultra-violet 1light. Aerators ar= used to increase oxygen content
of the solution.

The controller (either conputer or tinmers) punps water to
plants (A) at internmittent cycles (bag and rockwool} or
(B) continuously (NFT culture).
In rockwoal culture, analyzers located directly in a "test slan"”
are used to automatically ¢trigger irrigation when =silab water
volume drecps below a predetermined ievel. Similarlv, a trip scale
is used in peat bag culture (o initiate irrigation.

Water/nutrients are delivered to the plants tnrcocugh a retwork
of main headers, raw headers, l=ader tuces and drip emtters.
Fram the plant, excess nutrient sgiuficn drains Dack througn the
trough system to the carchment t ank.

In an open hydroponic system (Fig 12), all conponent= 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 Igaluit
greenhouse, it may be necessary to have a storage reservoir to
contain the wused nutrient solution until it can be removed by
sewage truck.




1. pH controiler . oM.°C and cf sensors
2. Temperature controller . Water suooly

3. Sahnaity controller Heating cou

4-8 Stock solution gumos Circulating pumps

7. Stocr solution supply . Hot water control valve
8. Aerator

14, "Rockwooifuse 18, Capilary matting:
1 S. Gully liner 17. Insulation
18. Metal trough

FIGURE < A typical NFT System (cl osed)

FIGURE 10 Catchnent tank and nutrient supply system
for hydroponic culture.

—
©w
pugeding \\
x
N

a. Foot valve: v. Thermally insulated tank;

C. Ground level; d. Water supply; e. Circulating
pumps: f. Filter: g. Nutrient supply to gullies;
h. Hot water pipe; i. Hot water control valve;

j. pH controller; . Salinity controller:

L Injection pumps for stock solutions:

m. Overflow: n. Device to increase aeration;

p. pH and salinity sensors; g. Heating coil;

r. Return pipe from gullies,

(R
Pt
X}
'l"

+
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system for
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A wide range of equipnment is available for growers in Canada.
Many suppliers market stand-alone injector/mixer units Wwhich cone
conplete with controllers, punps, mixing tank, sama filter?
sensors and injectors. For exanple, Growers Tachnical Servicasof
Mississavg a, On tarienf ferthe Vol mat i cautomat 1 C Mmi wer/1 rri gator
wh1Chiscapablaoffedi NgtwoComriectelyseparateC rops of bag
orrockwoolcul turebyaltenti ngcycles Ofdif ferencnut ri encts.
Oher supp 1 i ers of comp 1 ete systens i nc iude Metax Corpora © i on of
Wes ton, Ont a-i 0, Feter Iwart and Assoc i ates of Gr i msoy ,CGntar i o,
Can ad i an Hyd ragardens L i mi ted of Ancas ter, Cn tar- io and Harno is
| ndus tri2s o+ 3% Thonas. Guebec . (3e2i ist0ofsuppii 2rsi n
Append i A .

The +011 owing 1 i sts i tem i ze basic equi preent requ i remen ts for
the comp 1 ete supp 1 y and cont ra 1 of nutrients and water. Each crap
wi 11l requ i re i ts own independent sys tern as nutr i ent conai t ions
and ratesof appli cat ions vaty b e tween cuc unher , tcmato and
lettuce plants. Smali mdi f1cat i eons arereguiredforNFT versus
Agg reg a £t 2 sys © ems and thes= are p 0 1 n ted out. Th 2 pricin g o +
canp 1 e te system package= | scoweedin the econ cm i C sect i on .

All systems have been scaled :nsize to permit an upsrading
in greenhouse growing area to at least 10,000 ftZ. This wl|
enable -future expansion of successful crops. 1t is also
recommended that identical systems/compon ents be purchased for
all = crops to reduce in-stock requirenments for spare parts. 1In
the event of a breakdown of one system energency bypass vaives

can be installed to permt two crops tO operate off one system

1. NUTRIENT MCONITCRING AND ADJUSTHMENT

- Folyethylene Tanks. ! Two 100¢ litre tanks are required +or
storage of fertilizer concen traces. (While
in concentrated form the calcium must be
kept Separate from sulfate 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 meter is used to drive
the nutrient injection netering punps
and one hand-held neter is used +or
spot checks at the plant.

— Miltiple-Head Injection Fumps : to feed concentrated fertilizer-
and acid to catchment tank on command
t+rom EC and PH in —-1line neters.

— Controller +far pH and £C regulation : my be caomputer or tiner
driven system

- 36 -




- pH Meters : One In-line nmeter to drive the acid injection pump
and one hand-held neter to check” the in-line meter.

NGTE: AHand-neld pH and Conductivity meters are 1nterchangeable
between the thres croeps and only cn=2 of each 1s required.
I+ a computer 1s wused, 1% may b2 anliz to rteed ftwo croes
of bag or rockwool culzfure (21tarnate cycies o+ feeaing
from two separate nutrient Tanks?r. In NFT culzurz, each
crop would require its own control system.

2. CATCHMENT TANK AND ACCESS0R1I ES

- Catchment Tank : An insulated polyethylene tank o+ food grade
Wi thapprossi mtely 800 —100ulj t recapaci ty
Wi i 1 bereaui redfor eac n crop.

— Heating Coil | Stainless steel water to water heat aichanger

coils are recommend=d to nmaintain the censtant
tenper- ature of the re—circulating solution.
- Thermostatic Control : For controlling %the operaticn of tne
heating coil.
- Makeup water Supply : Fresh water makeup regulated by a
standard +Float device. An estimateaq
2 litres/plants/day is required for MNFT.
- Aerator : The returning nutrient solution is passed througn a
drip aerator which breaks up the water and increases
the oxygen content af the solution.
- Ultra—-Violet irradiator : Functions in pasteurization of water
to reauce incidence of fungal pathogens.

3. WATER/NUTRIENT 12 EL IVERY AND RECOVERY

-

- Circulating punps : (primary and backup) Take nutrient soluticn
from the catchment tank and sand to planks.
— Sand Filter : Elimnation of impurities and salts in the water

Either stainless steel or poly=thylen= nodel is
required and should be sufficiently large to
filter water for all 3 greenhouses.

pyc tubing and enitter lines : Different requirenent= for MFT

and substrate systens. See next section.

- Drip enitter= (2 to 4 litres/hour) .| Gne per piant is recuired
for both peat bag and rockwool systems.
— Recovery trough : Mist be made of or lined with polyethylene

to elimnate potenti ai phytotonic effects.
See descriptions at stat-'of this section.

- Storage tank ! Recovery of used nutrient solution i1n an open
hydroponic system (awaiting renoval by sewage
truck ).
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4.5 TECHNI CAL SPECIFICATIONS AND
LAYOUT OF LIGHTING FIXTURES

The lighting requirenent= +or the Geenhouses were waried out
in consultationwithfF. Light Svstems Canada anc are sumarized
below. The calculation o+ total required hours af lighting can be
found in sactian 5. Refer to Figures 13, 14, 15 and Tables 7, 8,
T snd 1¢ on following pages for more details regaraging satup ana

specifications of fixtures.

TABLE 7 Specifications for lighting +ixtures in greenhouse.

FL-780 fixtures @ 400 Watts TOMATO CUCUMEER LETTUCE

(R
fd
¢

Nunmber of Rows .. ...........
Di stance between Rows . . . . . . 10 10 107

Di stance between

fixturesinRow. . . . . . . . .. .. &°g" & 4" 410"
Mean Light Intensity (ftcd). 624 &30 832
Uniformity of Ligh%.. . . . . . . . 4% S47% S5

M nimum mounting height
above crap (festj......... .. 40 q0n 4G

Nunber of Fixtures Required

]

7,500 2 ... 48 24 &

10,000 FE2 .. ... 63 ke 84

Note: Fixtures weigh 30 lbs each and are nounted on light ste=l
U-track with brackets and couplings. EBEulbs have a life
expectancy of S,000 hrs,

_48 -




FIGURE 13 Floorplan for install

of 1ighting fixtures

ation
in

tomato greenhouse (4,01313 ft2)

350"
3.2 12" — —f | 65"
r 100"
o T B

63 PL- MOMNLWD ROOWatt) 3 Rowso! 21 Fxhses
21 Pes - Track 20°-00"

21 Logrers
5 U-Track Brarkels

Min- Maunting Helght | 40"

Foot-Candles:? 624 F.C
Unitorimly : * 84 %%

57_0117 - o
FIGURE 14 Floorplan for instal at ion
of 1i ghti ngf i X tures in
1 et tuce greenhouse (4, DGO f t 2)
— 135'-0” 7
21 - 5”1 ___-J — 41 _1011
} 84 Pi. - THO/NAOO .00 wott) 3 Raws af 28 Fuxtures
i 211&: B-Track mw'-00"
(oupd
| ' 220 U-Trak Brackets
l _ . ! Min. Mounting Height + 4°-0°
' " Yoot-Candles , ¢ 832 FL.
10°-0 T Unifarimty « 2 85 Ye
30°-0 "f { <L
g ialston
| - - Mc GILL. UNIVERSITY
' } Projuct Dwen | sate
5-0" - LIGH] ING —-Blu 1400
Doty Sawn | Grewery e
Apr 6, 1988 | Harry M. | 685

Tmm light--systens Canada Inc.
| 18Y South Servce Road CHINSTIY CAM | TM 40)
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TABLE 8 Specifications (lightlevel and unifarmity)
for lighting fixturesintomato greenhouse.

P.L LightSystess Canada Inc.
CALCULATION JF LIGHTLEVEL AND UNIFQREITY

PROJECT sidiculsmill @ Ma8ill Universicy (Tomato ch'»t)

number: 01-03 date: 04-G6-38
Configuration : PL-780/N400 (6.428"¢ 10.9')

fught . 4.0’
CALCULATION FIELD
spacing of calculation points:  in Ldirection INK 1n 7 diraction 1.90!
nuaber of calculation points: in Ydirection 7 in Y direction 11
level of calculation plane 0.00!

orientation of calculation plane:horizental

LUMINAIRES ARKANGEMENT

lusinaires first lusipaire tatensity  lusinous aining sngles
n nuader spacing (f! x(f) 'y & z # tatriy flux (kla)  aziauth inclinaticn retatiecn
t 7 6,43 -19.28 .00 4,09 840903 47,00 90.00 0.00 0.90
rE 6,43 -1928 15,00 4.00 840503 §1.00 90.90 0.00 0.00
I 7 6.43 -19.28  -5.00 400 840403 47.00 50.90 0.00 4.00

TLLUMINANCE IN THE CALCULATION FIELD (Fcd)

ie 2 It 4 13 ] 7t -
1= 829.7 40,7 5032  §22.1 $93.2 %40.6  529.¢
2- £33.4 343.9 593.8 628.8 $93.7  542.9 593.3
3- 5899 f11.0 6S0,2 §70.2 630.1 §i10.7  589,7
4-  BI4.4 €728 6644  TOB,0  bR4.4  £72.7  Bl4.2
- £23.8 £37.0 649.2 887,35 549.1 £56,9 9734
f-  SE4.S f46.7  sm02  674.5 6I8.8  B4AR.E 34,3
7-  872.6 63,0 49,2 587.3 8431 £5K.9 ST
§- SN £72.8 864. 4 705.¢ 664, % §72.7 814,2

9= 389,9  61L.0  es02 70,2  630.1  6l0.3  38%.7
10-  533.4 34300 5938 828.8 3937 Je2.¢ 333
- 5232 340.7  593.2 622,17 8932 506 3A8.I

I1luminances Eain = S29,1 Fed Emax = 708.0 Fed Eav = 524.1 Fea
Uniforatty: UG(Emin/Csax)= 74.9 1 UO(Eain/Bavl= 84,82

Eain = Themniays lightlevel in the field a3y = The maxinua lightlevel in the field
Eav = The average lightlevel of thevholefield6 = The sintaua past saxisua vajuec
U0 =The mintauepast average valuesaf t he fiald irgal untforasty ')

This computercalculationnas been nade Vit h one eractseasuredrefiector.

Because of this therewtll 3 di fference wth this ceaputercaleulaticn
ang the valuesinpractice,

This because 01 :8reenhouse canstructions, Voltage loss, Taaperture and
sost iaportant factor the tolerance in bulbs ano dallast units,

1 -




TABLE 9 Specifications (lightlevel and wuniformity)
for lighting fixtures in cucunber greenhouse.

F.L Light Systess Cangda Inc,
CALCULATION OF LIGATLEVELAND UNIFIRMITY

FROJECT p16700Ubill : Mabill University/Cucu mhEr House)

Configuration : PL-780/N400(6.38"1 10.0")
deight : 4,0

nusher: Q1-02 gster 04-06-28

CALCULATION FIELD

spacing of calewlation points:  in ldirection 1,08 tn¥ direction 5,00
nuaber of calculation poiats:  1n I direction 7 in Y dirsctionll
lavel of calculation plame 0,06

orientation of caleutation plane: horizontal

LUMINALRES ARRANGEMEN!

lustnaires first lumeaire intensity  lusineus a1a1ng angles
n “number spacing {{) 1 (f)  y (1) 2 th) Aatriy flyx (kln) aztauthinclination rotation
I 7 6, 36 -19,08 5*00  4.00 840903 37.00 90.00 2.00 0.00
2 ? 6.36 -19.08 15,00 4,00 40303 47,00 0. 00 0.00 0,00
3 1 6. 36 -19.08  -5,00  4.00 840903 47%00, 90,00 0.00 .00

ILLUMINANCE IN THE CALCULATION FIELD {Fcd)

"'.
14 2 i} 4% -Sy 64 T+
1= 8333 460 6000 €211 6000 943,953
1- 537,99 5480 600,88 8351 BOOB  sere 5307
3- 594.1 616.1 838.1 830. ! £38. 616,50 593.9
4 §13.1 6783 673.4  TiS.3 873.4 4781 6109
<$O§M.2 0 teLb 638.6 £96.0  6S8.5  662.5  S7N.0
6-  988.1  831.7 6695  587.2  &&3.4  BSL,Z 1.9
7. 577.2 682,54  6SB.& 6960 BSE.S b6y §77.0
8- b18.! £78.3  673.4 718.9  E73.4  B78.1  RIT.S
9- 59,1 616.1 b8, ! £80.)  £38.1  BlE0 ¥33.9
10~ 5379 48,0  600.3 636,01  B00.8 Y49 2317
11-  523.3 5460 600,0  B3L.! 60013  545.9 5331
I1lusinance: Esin = S33. Fed Egay 3 T715.9 Fed Eav = £30.8 Fed
Uniforeity: UB(Esin/Eaax)=z 74.5 % UC(Eain/Eav)= 84.51
Eain = The minipua ligatlevel 1n the freld Eaax = The aax:aca jigntlevel in the field
Eav = The average lightlsvel of the wnoie field 4§ = The miniaus past aniaua values
UG = The sinisua past average values of the field (real uniforsity 1)

This computer c¢alculat:on has been sace vith one exact aeasvred reflactar,
Because of this Shere vill a difierance with this cosputercaleuiaticn

and the values in practice.

This because of : Greenhouse constructions, Voltage loss, Teacersure and
sost important factor the tolerance in bulbs ing ballast umits,



TABLE 10 Specifications (lightlevel and uniformity)
for lighting fixtures in |lettuce greenhouse.

P.L Lignt Systees Canaca !nc,
CALCULATION OF LIGATLEVEL AND UNIFORMITY

POOJECT pI8TO0I/BLLL & MaGill University ( L-etfuce House )

aungery 01-01 date: G4-05-25
Configuration : PL-780/N40G (4.82°x {0.0"

Height : 4.0!
CALCULATION FIELD
spacing of calculation points:  in | direction 0.96! in Y direction 1. ou!
nuaber of calculation points: In tdirection 8 in Y direction it
level of calculationplane 0,00’

orientation of ¢calcutation plane: horizontal

LUMINAIRES ARRANGEMENT

luminaires firet luainatre intensity  ludlnuus aining angles
n nuaber spacing (f}  x (1) y () 21(f) satrix fler (kla?  aziauthinclinmalion rotation
1 7 4.82 -14.46 500 4,00 840903 47.60 30,00 0,00 0.00
2 7 4,82 -14.46 15,00 4,00 849903 41.00 30,00 0.0 0.00
3 7 4,82 ~14, 45 3,00 4,00 840903 47,80 90,90 0.00 G.0¢

ILLUNINANCE | N THE CALCATION FIEL} (f ed)

"_.
14 2 3t 43 5% ge

1-  NM9.4 7377 806.4 BO6.2  ?37.4 718.8

- 7127 446 803 803.7 7443  TIL3

3-  773.4 81,5 896.0 89S, 821,218

4= 783,4  892.3  93.7  WLE 8336 188

5- 732.4  8B3.0 896,07 895.3 gE2.&  7SL.8

§=  73%.7  BES.4 06,3 9&7 5650 733

- 7%z.4 BBI.G 896,00 E35.9 8BZ.S 7519

B-  789.4  B93.9 9.7 S35 293,56 THE?

9- 73,4 821,35 B895.0 895.8 8212  77L.8

10- 712.9 744,86 803.8  803.7 744.3 712.3

{1- 719,4 137.7  806.¢  806.3 7314 718,83
Illustnance: Emn = 712. 3 fci Eaax = 931,7 fed kav = 83Z.4 fed
Uniforsity: UG{Eain/Esax)= 76,4 1 UO(Emin/Eav)= BS.6L
Eains The esniaua lightlevel i N the field Erax = The wrisue ligntievel:n the held
Eav = The average lightleve] of the whole fiele  UEs The ainisum past adiauz values

U0 =The sirisun past averaja values of ke fiela (real uniformty 'n

This computer calculation has seen made with one@sact measureg reflectcr,
Because of this there VIII a d: fference withthis cosputercaleuiation
and thevaluesinpraciice.

This because of : Greenhouse constructions, Veltace loss, Tesperiure ing
805t iaportant factor the tolerance :inbulbs and tallast unit;.



4.6 OPTIONAL OUTDOOR GREENHOUSE
DESIGNS AND SETUP

Outdoor cultivation canpe 2233ily undertaken using locai soil
resources and sinple plastic coverzd Quonsat-type Sreennouses.
Saom=2 simple models are availabdle +rom Harnois Ltd. ofMcntreal.
*Ovaltech", "Flastigro" and "Econoshelter" are amcrg the most
popul ar nodels used in Quebec. See Figure 10. The structures have
passive vencilation through gaol2 2na winaows ancg sid2vents |if
rnecessary. A small oil fired h=2ater may be considered to prolong
the season by protecting plants +rom nignt frost in spring and
fall.

Plants would be grown in local soil beds framed wth plywod
sides. Bath the initial construction and preparation of the beds
as well as the subsequent operation of the gre2ennouse are jabour
intensive and would provide an excelient enploynment and training
opportunity for high schooi students and horticultural trainees.
Seediings for the seascnal crops would be pre—-g=rminated in the
propagati on room and set out once danger of frost had passed. The
subsequent care, watering and harvest of crogs would be
undertaken by hired hel pers.

Local soil conmponents which nmay be used include:

1. FINE SAMD which nmay be found at the edges of
| akes and river-=;

2. ORGANIC FEAT (partly deconmposed) which occur-s
where the zundra has been disturbed
as well as thesadges of rivers and

streams:

Z. GRBANIC LAKE which accunulate along the edges of
SED IMENTS | akes (composed of dead insect, fish
and plant nmatter)

Local soi | m xtures should be sifted to remove roots, large rocks
and provided with a regular fertili zation schedule to supply
plant nutrient requiremnents.
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SECTION S

TEMPERATURE, LIGHTING AND OTHER
CULTURAL REQUIREMENTS FOR FRODUCTION

In this section, the hydroponic culture of the thres seiected
vagetables will be briefly discussed particulariy with respect to
nmechanical and structural requirements (tenperatures, 1 ight ing
CaZ2 Ceneration). Detailed descriptions o+ growing conditions,
reconmended procedures and practices wll not be described in
this report, but suitable reference material and sourc=s are
reconmended in Appendix A and E.

5.1 PROPAGATION OF PLANTS

A nunber o+ nethods are avaialble for initiating pl ant
seedlings in saoiliess culture. Cenerally, crops to be grownin
inert substances should be initiated in sinmlar materials. For
plants growing in rockwool, smaller “germnation cubes" are
avail able. Rockwool cubes and sinilar “QOasis Horticubes" are also
utilized to start seedlings for NFT culture. Flants grown in bag
culture may be initiated iN many media inciuding Jif+y peat
pellets, peat-lite mixes, rockwool cubes and vermculite.

The germination media isS well saturated tetore planting out
seed and bottom heating is generalily used to maintain critvical
temperatures regquirsd for germination. Afier germinaticn,
seedlings are grown under artificial lights with fraquent
irrigation to prevent them from drving out. Once suffticient root
production has occurred, the seedlings may be =2t out in the NFT
gutters, peat bagsorrockwoolcubes.

Since the germination and growth of seedlings and young
plants may extend to 12 weeks for tomato and cucunber, and sincas

space and lighting requirenents are much lowerthanformature
plants, this phase ofgrowth nmay be carried out in a separate
"propagation area” with artificial lighting. Lesttuce seedlings

spend only a short period under simiiar cOnditions before being
set out imto NFT gullies.




It is recomended that the design of the greenhouses
incorporate a room for the growth of seedlings eon benches
supplied by bottom heating. Since 100% artificial illunmination
will be used, sufficient heat my be gensrated by the lanps to
heat the air laver abaove the plants leaving only the root zone to
be considered. A numb=r of systens are comercially available for
this purpose including Vary industries’ ROGOT ZONE tm svstam which
pumps hot water tnrough a n2twork oF rubbercapillary tubing 1laid
directly wna=r the oenchtop.

AN estimated 1S¢ to 200 $:2 of bench =g ace Wl  be reguired
immed |ately +er growing tomato piants. This value would increase
to almost SO0 ftZ if the greenhouse growing area were expanded
from the present 4,000 to 10,000 + tZ. Simlarly, cucunber plants
would presently require 100 ft2 of bench space to grow young
plants, and eventually S00O ft2 if expansion to a greenhouse area
of 10, 00O f%2 occurred. Lettuce seedlings require nuch 1less space
and the propagation area nmmy be incorporated into the production
sreenhouse since year-—round cperat ion is anticipated.

5.2 TEMPERATURE AND HUMD TY
DURI NG CULTI VATION OF CROFS

The tenperature and humidity requirenents for the (reenhouse

production of tomatoes and cucunbers are simlar whether soil or
soil less culture is utilized. In soil less culture however, the
tenperatures of the nutrient seclution and rcot zone are as
inportant as air tenperatures in the greenhouse. |In fact, recent

studies have demonstrated that nighttine air temperatures_nay be
lowsred as nuch as llfJOE below davtime levels providing =olution
tenperatures are heated (Muelier 198Z;. This results in

consi derable energv savings t0 grzennouse gperators.

At present, the optimum solution tenperature recommended for
NFT and rockwool culture is between 20%and 25°C (Resh 1981). This —
applies for all three crops and for all culture systens.. Air
tenperatures are varied between the three crops and their stages
of developnent. The table on the following page summari zes
average tenperatures used in the production of greenhouse craps.




TABLE 11 Tenmperatures recommended for the cultivation of
| ettuce, cucunber and tomato

CROF LAy MIGHT

LETTUCE <(&ibb) Coudy days 13°C ' 8°- 10°C
Sunny days 14°~ 17°C §0- 10°C

TOMATO Germination Z0%~ 22°C Zou%- 22°C

Cold Treatment
(Selected Varieties) 13°C 10°- 12°C

Fruiting % Flowering

Cl oudy days 17°cC 16°C (%)
Sunny days 18°. zs&°C 15°C (%)
CUCUMBER d oudy days 23°- 27°C 20°- 23°C
sSunny days 25°- zo°C 21%- 25°¢C

(#)NOTE : Night tenperatures may be lowered as low as S5°C i,«g
solution tenperature is warned to 26°C (Mueller 1982»

The orientation of the heating system in the greenhcuse
should +ollow the same |ayout as the plan% rows. Hot water pipes
are typically placed adjacent to the doublie rows of plants in a
tomato/cucumber greenncuse. This arrazngesment contributes to:

1. Increasing the root zone temperature

2. Inproving heat distribution to plants

3. Inproving air <circulation around plants

4. Decreasing humdity in lower half of greenhouse

Hot water may also be circulated through PVYC tubing placed
directly under rockwool slabs or peat bags tocontibuteto even
and ample heating o+ the root zone. (not applicable for NFT) .

I
w
0

|




During the winter nonths, reduced ventilation to the outdoors
my result in poor circulation of greenhouse air and increased
levels of humidity. This nmy pose serious problems for the crop
if not comtrolled. Several options are available:

1. Installation of an air to air heat euxzchangermayrecuce
humidity levels sufficiently and also introguca fresh
CGZ2 reguired by Fpliants for production.

r

. Installation aof poSitive pressure fans to mix the air in
the greennouse.

Assuming surplus heat is availabie, initiate a sinultaneous
heating and venting to "purn of+" the air and draw out
excess humdity.

“

5.3 €02 CONTROL anD ENHANCEMENT

Most comercial vegetables growers have some svstem to
increase anbient Carbon Dioxide levels inside the greenhouse.
€COZ addition is particularly inmportant during cold periods (such
as winter) when ventilators are closed. At these tines, internal
COZ levels may drop to Z00 ppm within one hour. Such laow levels
of available gas seriousiy limt the crops ability to produce.
Optimal  levels of Production may bBe maintained if €CG2
concentrati ons of close to 1000 ppm are surp |lied by propane
burning ge=nerataors.

A number of CGZ generators are availaple commercially, of
particul ar not ewort hi ness is the newly intrcducad FRIVA model
wnich comes complete W th controller for accurate nonitoring cof
amoient CO2 levels in the greenhcuse. COZ Senerators are
typically suspendedin the center of the greenhouse from
structural members.

-— Q(:, -—




5.4 NUTRITION aQF SO LLESS CULTURE

The single mast :mportant requirenent for successful hvdro—

panic culture is crop nutriticn. Most orf the informationurtilized
bycommercialnvdropOn1Cg:-eWers i noOntar i o has b sena svelopadat
th=2 G 1 asshcuselCrops ResearcnancExper | men t Stat | On. Nsa |l dwl | k.

i n the Netherlands. Conpositions of essential eiements and basic
putr i ent solutions for use in substrate culture of tomato and
cucunber are well documentad in the OMAF pubiicaticn ant il adg
"Bas ic Nu trr 1t ion of Substra te Cu 1 ture ” . A. 5 trsaver and F. J.

Ing ratta , Hart icu i tural Research Inst i tute of Cn tar i o0, “dine 1 and
Stat ion, On tar io.

The mast common met hod for f eeaingp 1 ants is the “camp 1l et e
met hod” where all the essential elenents are provided on a daily
basis in a dilute solution along With the plants water. This
method utilizes tne egquipment described in the previous szection
and pernits the grower to ad just nutrient levels on a daily l=vel
according t0 stage of devalopment and externaiweather
cond i t i ons.

One of the primary requirements of hydroponic culture is thnat
the irrigation water be of suitable quality. @A water analysis isS
an inportant +first step in deternmining the feasibility of the
operation. The electrical conductivity <(EC: is the nobst inportant
criterion +for determining water quality. It is generally accepted
that an EC of 0.5 mS/cm is ideal for hydroponic culture wnile
levels of up to 1.0 mS/cm are acceptable providing certszin
adj ustnents are nmade to the nutient solutions. in addition to E&C
| evel s, the presence of high concentrations of Sodium (Ma+ > IO
ppm) or Chlorine (Cl » SO ppm) may render the water unacceptable
for success+ul culture.

Based con the results of the prelinmnary water t2st, the
nut r i en st solution 13 adjusted to compencate for- cericiencies or
excesses i n the water status. Users have the option o0f puchasing
indi vidual chemcal= and mixing their Oown c<onc2nir ated 3tocks or
alternately, buying “ready y—to—us=2" concentrated mixes -
Hydrogardens Inc of Colorado Springs, CO, supplies several kinds
of "CHEM-GRO" tm liquidfertilizers specifically designed tor
tomat o, cucunmber or lettuce culture. In Canada, Canadian
Hydrogardens Ltd also provides a wid= assortnment of single
el ement or blended fertilizer’'s to growers amd as a bonus,
provides free horticul tural consultation and reduced rate water
and tissue analysis to users of It= products.




In addition to the regular feeding of the crep, periodic
adjustments to the nutrient solution nust be nmde on rthebasis
of:

- Visual observations of deficiency symptoms. Growers may
bene+it +rom numerouns publications including :
"Muteritional Disoraoers in Glasshouse Tomatges, Cucumpers
and Lettuca" J.F.L. Rogorda van Evsinga and kE.W. Smiide
(available from Hydrogardens, Inc. Colorado Eprings, CO)

f—

negular t izsue arngd water =amp i2 anal ¥Sis F2r+ormed at 2
Feud 1 abora tory ( severa i are availlabi e i n soutnsrndn tar--~=
—7These analys:e.’s mist be p erformed w11 th i N 24-45 N rs of tak 1 ng
the samp 1 e and wi 11 have to be sent b y courr 1 er set-vice.
The resu 1 ts aof the samp 1 2 should bedi scussedwitha
qual i f i edhort i cul tura 1 ist. This service is a 1l so avai 1 ap le
f rom severa 1 consu 1t i ng agencies inc ludingCanadian
Hyd rogardens.

— Changes in stage o+ plant and e:xternal weather conditions.

Water vo 1l ume of the ¢ icsed system can be est i mated at
ap proximatalyZ0,000litresiracre 0 f wn i ch on 1 y 15X - 20N 0 s
main ta 1ned i n the catch ment tan k. The cd i 1y makeup of wa ter iS
esti mt edat approximtel yZ1i tres/ pi ant /dayfora mture ¢ rop .
I an open system is used, water requ i rements w 1l be
cons | derab L y increased and the p rob 1 emo f water remova 1 wi 11 have

to be cons i dered.

5.5 SUPPLEMENTARY LI GHTI NG
OF CROP PLANTS

snrated that
increases ot up to 100% in vields o+ tomato may be cbftained with
the acdition o+ supplementary lishting to gresnhous2 crops. The
optimum photop=ariod for the crops to be grown is as tollows:

TOMATO . . . . . 14 hrs
CUCUMBER . . . 17 hrs
LETTUCE . . . . 16 hrs
Dur i ng the summer and spring nonths, plants will benefit from
sufficient natural 1ight and will not reguire supplenmentary
lighting. In +act, both cucunber and lettuce can be expected to

grow well wunder the 24 hr photopericd aof the arctic summer day.
Tomatoes may reguire a short period of darkness (aslittle as 4
nrs) particularliy when they are young plan t=. It my theretor= be
necessary to provide “black-out” curtains to the proposed tomato
house2 (0 i1mprove growth.




During the fall and winter months, supplementary lighting
wi || play an integral role in providingthe necessaryligntto
growing plants. The tollowing tanles summarize the daily and

monthly hours of artificial lighting tihat will be required for
each crop.

TaABLE 12 Meonthly nours or supplementary itighting resulrsd
for praducticn ot tomatg in Igqaiuit.

TOMATO [ 14 HOUR PHOTOFERIOD REQUI RED 1

AVERAGE MNATURAL HOURS OF SuUfFF. HOURS OF SUFF.

MOMNTH/DAYS DAYL1IGHT HCURS LIGHTING/LAY LIGHTING/MONTH
JAMNUARY 21 & hrs (=) 1< hrs 210 hrs
FEBRUARY 28 8 hrs (=) 8 hrs 224 hrs
MARCH 31 12 hrs 2 hrs 62 hrs
APRIL 360 14 hrs O hrs Q hrs
MAY TO > 14 hrs no suppiementary
AUGUST lighting required
SEFTEMRER 30O 12 hrs 2 hrs &0 hrs
OCTORER 31 10 hrs 4 hrs 124 hrs
NOVEMEBEER 30 & hrs (=) 13 hrs 300 nrs
CLECEMEER Z1 S hrs (=) 11 hrs Z41 hre

TOTAL HOURS OF SUFFLEMENTARY LIGHTING
REQUIFED FOR =

8 MONTH GROWING SEASON (MAR-0CT) = Z4S5 hrs
12 MONTH GROWING SEASGN eceeeaass 1,421 hrs

{(#) During these wnter nonths, the natural 1light intensity my
not be sufficiently strong to maintain high production 1l=vels
and +or this reason, a 25% increase in hours of supplenentary
hours W ll be incorporated in the estimates.




re—— P

TAELE 13 Monthly hour-s of supplamentary lighting requirea
for preductionof cucumber in Igaluit.

CUCUMEER [ 17 HOUR FHOTOFERIGD

AVERAGE NaTURAL

MONTH/LATYS DAYLIGHT HOULRS

HCURS GF SUFF. HOURS OF SUFF.

LIGMTIMNG, DAY LIoHTING, MOMNTH

JANUARY 3t & hers (%)
FEBRUARY Z8 8 hrs (=)
MARCH 31 12 hrs
AFRIL SO 14 hrs
May TO > 10 hrs
AUGUST

SEFTEMRER 30 12 hrs
GCTORER = 10 hrs
NOVEMEBER 30 & nrs (%)
CECEMEBER 31 S hrs (=)

14 hrs 434 hrs
11 hrs 308 hrs
5 hrs 155 hrs
3 hrs 90 nhrs

nosuppi ement ary
lighti ngregui red

S hrs 130 hrs
7 nrs 217 hrs
14 hrs 429 hrs
15 hrs 463 nrs

TOTAL HOURS OF SUFFLEMENTARY LIGHTIMG

REQUIRED FOR :

8 MCOMNTHGROWING SEASCON (MAR-DOCT)

612 h t-s

12 MONTH GROW ING SEASCN . ... ... .. 2, 229 hrs

(*) During thes2 wint2r monns,
not be sutriciesntiy strong
and +or this reascn, a 25k
hours will be incorporatad

the natural light int2nsity may
to mainta:in hicn production levels
increase in hours ot SUuppiementary
in the estimates.



TABLE 14 Monthly hours of supplementary iignting required
far production of lettuce in Igaiuit.

LETTUCE [ 15 HOUR FHOTOFERIOD REQUIRED 3

AVERAGE NATURAL HOURS ©F SuUrF. HOURS OF SUFF.

MONTH/DRT7SE DRYLIGHT HOURS LiGhTIr3, DRt LIGHT traa/ MIMTH
JANUARY 31 6 hrs (%) 13 hrs 403 nrs
FEBRUARY 28 8 hrs (X) 10 hrs 280 hrs
MARCH 3 12 hers 4 hrs 1Z4 hrg
AFR | L 30 14 hrs 2 hrs &0 hrs
MAaY  TO » 16 nrs no supp i =men t ary
AUGUST 1ignti ngrequi red
SEFTEMBER IO 12 hrs 4 hrs 120 hrs
OCTOERER 31 1 ¢ hrs & hres 186 hrs
NOVEMBER 30 0 hrs (*) 13 hrs 350 hrs
DECEMEER 31 2 hrs (*> 13 hrs 473 hrs

TUTAL HOURS OF SUFFLEMENTARY LIGHTING

REW RED FOR
8 MONTH GROW NG SEASOM (MAR-OCT ) 450 hrs
12 MONTH GROWING sSEASON - - - 1, 297 hrs

(¥) During these winter montns, the natural lignt i1ntensity may
not be sufticiently strong to maintzin high rprocucticon lievels
2=y

and for this reason, a 2% 1ncrease 1n hours of supplementary
hours will be incorporat=2a in the estimates.




5.& VARIETIES RECOMMENDED FOR SO LLESS CULTURE

TOM&TO

An increasing nunber cf tomacto varieties are being ceveloped
for hydroponic culture. Most varieties are zaliectsd +or
resistance g the major diseases (tobacco mosaic virus (THMV),
leat moid <(caused oy Cladeosporiuntulvunlke.),fusarium, and
verticillium) The following varieties are gocd starting points
for the northern grower:

1. VENDOR 5. COMEITO
2. TROFIC &. LAURA
3. CARUSO 7. FERFECTO
4, JurmBg
CUCUMEER
European cucunbers are thne most common varieties grown in
greenhouses. Selection of varietvies resistant topowdery mildew

is recommrended. Sonme of the varieties available +for hydroponic
culture are

1. CORONA 4. FIDELIO IMFROVED
2. TOSKA 3. PROF1ITA
Z. FARBIO 6. MARILLO

LETTUCE

Eibb leztuce is the most successtul under hyarcponic
cultivation. Wnen selecting paotential varieties, icok ror
resistance to tip-purn, bolting and corkyroat.The following
varieti=s are avail able:

1. DSTINATA (Summer Froduction)
2. SALINAS (Spring and summer)
3. RAVEL (Wnter production}
4, MONTELLO

Looselea+ varieties are also available. These include:
i. BLACK SEEDED SIMFECN

2. DOMINEER
3. WALDMANN'S DARK GREEN




5.7 PRODUCTI ON  SCHEDULES

Thare are many methods wihich may,te us=2d to cultivate tomato,
cucumber and lettuce. Each grow2+ wiil cver time, develop ana
refine their own technigque based con the tvpe ar gresninouse,
growing system utilizea, time ot year ang past 2uparienca2s. A
nunper of possible schnedules are presented here as a reference
but the definitive course will be taken by the horfticulzuralist
responsibla fOor the management Oof the Crops.

TOMATD AND CUCUMEER

( A) 8 MONTH SEASON / S | NGLE FLANT I N5

December t CGermi nat 1 on and Growth of Se=sd i | ngs
4t oé& weeks [ Propaga t i on Room 3
( 100;; art i f ici ali 11ium natian)
January : Gowth of transplan ts .

February 8 weeikks L Propagation Room 3
(100%Zarti+icialillumination)

March to Crop CGutput (Total 32 weeks)
October (Fri marilynaturallightwithsuppl emen ta l
li ght ingduringMarcn ancSerpvamber/0ctober)

Novemp 2 r

Clzanwofgreennousz anag Frep al at i on Fot
1. tNex £t Crop Seascn (Decemper )
Z.0verwi n ter i1ng ot Greennouse ( Dec—-Fed)




(B) 12 MONTH SEASON / MJULTIPLE FLANTINGS

Ed

AN estimat=d 2 plantings over 1Z month= may be used to ensure
continuous production of fruits $frem plants. Each cycl2 may look
like tnis:

Month 1 : Sow seeds of plants and grow cseedilngs ana transplants

to under artificial (cor natural) lighting 1n Ths
Month 3 propagation area. (Total 8 - 12 weeks depencing cn crop)
Month 4 : P 1l ant out in g reennouse and g raw/ harvest

to (total tinme in greenhouse = 4 nonths)
Month 7

JaN FEBR MAR AFR MAY JUN JUuL AUG SEF OCT NGY DEC

PROFAGATIUN : AAAAAAA BEBBEEBEERLER CCCCCCCCCCe AEF
GREENHOUSE : CCCCCLCC AANAARAAAAARAAANA EBBERBBEBREBBEERERBE CCCCCCC

Flants are grown in alternating rows in the gareenhouse, SO
that as one plant reaches maturity, the next cycle is planted
al ongside ensuring maximal’ space utilizatien and even production
from all parts of the greenhouse.

LETTUCE

Lettuca plants may be harvested and pian ted ous in a
continuous cyclie depénding on *he weenly martat demand. A regular
process of channel rotation will be estabiishea atter the length
of tne crop growing period is established. As =ach row is
harvested from one end of the continuous conveyor (see Figure 21,
an equal amount of rows (Wth seedlings) may be added to the
other end of the conveyor.

1. HARVEST OF MATURE + 4. FRODUCTION TiME === . SOWING OF NEW
LETTUCE FLANTS OF 8 WEEHKS SEEDLINGS IN

CHANNEL S
\\-_> 2. CLEANING AND STERILIZIMG A
OF CHANNELS LIBERATED




SECTION 6

CAFPITAL AND ANNUAL OFPERATING COSTS FOR
DI FFERENT  PRODUCTI ON  SCENARI CS

In this s=action, tne carital costs of the various arawing
systenms and greenhouse size options will be estimted as well as
the potential annual operating costs for each scenario.

6.1 CAPITAL COSTS

Capital casts wll be divided into two conponents:

(A} BASE COSTS whnich are required for each individual
greenhouse regardless gf scale (up to 10,000 ft2).
These include the controllers, nut ri ent i njection
system and storage tanks.

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

The tables on thefollowingpageswillsummarizethe capit al
costs for:

1. NFT HYLROFGCNIC SvYSTeMS (Temato, Cucumper, Lettuce)
2. FEAT BAG/ ROCKWOOL CLGSED SYSTciMS (Tomato, Cucumoet)

Z. FEAT BAG/ FOCKWOOL GFEM SYSTEMS (Tomato, Cucumber)
4., LIGHTING AND COZ CO573 (All crops and svstems)

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

TOTAL AREA OF

GREENHOUSE TOMATO CUCUMBER LETTUCE

7,500 £t2 .. 3,000 1,500 3,000
10,0G0 £t2 .. 4,000 2,000 4,000
S0,000 ££2 .. 10, 000 10,000 10,000

NOTE: Estimates do not include installation costs of the growing
and lightingsyvstems.
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TABLE 15 . Capital casts for

in Igaluit greenhouse.

NFT hydroponic systems

(Closed Systam)

NFT HYDROFONIC CULTURE
TOMATO

CUCUMBER LETTUCE

BASE COSTS ({(s) all greenhouse

Nusrient Mixing and

si1zes up to 10,000 ftl/crop )

Injection System (1) &, 275 6,273 4,275
Main  Reservoir (500 gal) 890 890 850
Nutrient Concentrate
Tanks (2 x 300 gal} 1,200 1,200 1,200
pH and EC Meters (2) 230 230 230
Propagati on Room 4,000 2, (x@ -
Snippina Charges (Z) 3, 000 3, 000 3,000
TOTAL BASE CAFITAL COST ... .. 15,595 13,595 11,395
AREA COSTS ($/+Ft2)
- Nutrient Delivery
System .08 0.08 0.08
- Plant Support and Nutrient
Recovery System 1.05 1.0S 1.35
- Shi ppi ng Charges 0.73 0.795 0.75
TOTAL
AFREA COST 7,500 f£2 ... 3,640 2,820 6,540
10,000 €2 ... 7,520 3,760 E,720
30,000 ft2 ... 13,800 15,800 21,800
TOTAL CAFITAL COST FOR
NFT  GREENHOUSE
7,500 £t2 --- 21,235 16, 415 18,135
($/+£2) 7.08 10.94 6. 05
10,000 $£2 . 23, 115 17,355 20,3 15
(3/+¢2) .78 8.68 5.08
T0,000 Ft2 ... 34,395 32,395 33,395
($/+42) 3.44 3.2 3.34
(#;} See explanatory notes on page 73.




TABLE 16 Capi t al

culture

costs for
in Iqaluit

rockwool
(O osed System

peat bag or
gr eenhouse.

FEAT BAG / RGCKWOOL CULTURE
(CLOSED SySTeM) TOMATO CUCUMBER

BASE COSTS (($) all greenhouse sizes up To 10,000 ftZ/crop )

Nutrient Mixing and

I njection System (1) &, 275 6,273
Main Reservoir (3500 gal) 820 890
Nutrient Concentrate i
Tanks (2 x 300 gal) 1,200 1,200
pi-i and EC Meters (2} 230 230
Propagati on Room 4,0 00 2,000
Shi ppi ng Charges (3} 3,000 3, 000
TOTAL EBASE CAFITAL COST ... .. 15,595 13,592
AREA COSTS ($/Ft2)
- Nutrient Delivery
System 0. 4C 0.40
- Flant Support and Nutrient ) )
Recovery System 1.05 1.05
- Shipping Charges G.75 0.75
TOTAL N
AREA COST 7,500 +t2 ... 6,500 3,300
10,000 +t2 ... 8,090 4,300

I0,000 F£2 ...

e BN THTS
2,000

22,000

TOTAL CAFITAL COST FOR FEAT
BAG / ROCKWOOL GREENHOUSE

7,500 ft2 . 22, 155 16,855
($/§t2) 7.40 11.26
10,000 Ft2 ... 24,355 17,995
($/Ft2) &.10 9.00
3(3, o0oFt2. .. 37,595 35.595
($/§t2) 3.76 3.56
(*) See explanatory notes on page 73.
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TABLE 17 Capit al

culture

costs for
in Igaluit greenhouse.

peat bag or rockwool

(Open Systen)

FEAT BAG / ROCEWOOL CULTURE

(OFEN SYSTEM) TOMATO CUCUMBER

BASE COSTS ((3%) all greenhouse sizes up to 19, GO0 Ft2/crop

Mutrient Mixing and

Injection System (1) 6,275 6,273
Main Reservoir (SoOgal’ 890 8950
Nutrient Concentrate .
Tanks (2 x I00 gal) 1,200 1,200
Discarded Solution
Holding Tank (1000 gal) (4) SO 750
pH and EC Meters (2) 23(-] 230
Fropagation Room 4, 000 2,000
Shi ppi ng Charges (3) 4, 000 4, OO
TAOTAL BASE CAFITAL COST .... 17,345 15,345
AREA COSTS ($/t2)
- Nutrient Delivery
System 0.40 G. 40
- Plant Support and Nutrient )
Recovery System 1.05 1.05
- Shipping Charges 0. 7.5 0.75
TOTAL
AREA COST 7,500 $t2 ... &, 500 34 TGO
10,000 F£2 ... 8,800 3, 300
TC,000 FT2 ... 22,000 22, D00
TOTAL CAFITAL COST FOR FEAT
BAG / ROCKWOOL GREENHOUSE
7,500 £t2 ... 23,943 18,645
($/+82) 7.98 12.43
> GO0 82 . 26,143 15", 74s
($/+t2) 6.54 .87
JO,000 Ft2 ... 39,345 37,345
($/Ft2) 3.93 3.73

(*)

See explanatory notes on page 73.




NOTES for Tables 15, 16 and 17

(1)

(2)

(3)

Nutrient mixers and inject ion systems are desianed t0o alliow
fut ure expansion to 10, GO0 ftlof growing area per crop.
(Hence2 the estimates for max 1mum size of Zo,000 T35

These neters are used interchangeably +for ail tnree crops and
will be split T ways (Total Ccst 3 &FJ )

The conplete package for a 10, ©OO &2 greenhouse can be
accomodated in one 20 foot container. The tanks will have to
be shipped separately.

Local materials may be substituted +or sever-al of the
required items:

1. Local storage or septic tanks may be substituted for
mixing reservoi r-s and smaller tanks coculd replace
nutrient concentrate containers.

18

. The ¢trough support system required for the culture of
NFT lettuce nmay be produced from locally available
materials. Troughs however should be purchased froma
supplier.

Z. For tomatoes and” cucunbers? a support system similar
to the one described in Section 4 may also be
constructed from local materials.

No costs have bean provided fcr the Main Ressrvoir heating
system (Stainless coils and thermostat control). Alsc an
Ultra—-Violet watar cterilizing unit my be reguired to kill
nmcro-organisnms (estimated 3% 2,520 /7 crop).

TABLE 17 : The cost of the holding tank required for an open
system is split evenly between the tomato and
cucumber Crops. Additional Shipping costs of @
1,000have also been estimated for this
requirenent.
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TABLE 19 Conmbi ned capital costs for different greenhouse
size options. (Total aof growing system and COZ/
lighting system costs.

7,500 Ft2 10,000 $52 IO,000 F32

TOMATO/CUCUMBER 94,110 107 ,8ES 214,120

and LETTUCE 1in

NFT SYSTeEM 12,52/ +F82 1o.7%/¥22 7.20/¥T2

TOMATO/CUCUMBER in 95, 550 109,805 222 ,520

PEAT/ROCKWOOL CLOSED SYSTEM

LETTUCE in NFT SYSTEM 12.74/¢€2 10.98/+t2 7.42/F¥t 2

TOMATO/CUCUMBER in IR, 050 113,358 226,020

PEAT/ROCKWGOL OF-EN SYSTEM

LETTUCE in NFT SYSTEM 13.21/7+¢2 11,3537+t 2 7.33/Ft2
As Table 19 illustrates, the capital costs per unit area

($/Ft2 growing area) decrease dramatically as the scale of the
greenhouse increases. This is due to the large base investnent in
equi prent required of all greenhcuses regardl ess of size. The
best econony in this case would be a 30,000 ft2 greenhouse.
Currently in Ontario, it costs between % S.0CO and % &.00 /%2 to
outfit an existing greenhouse with NFT growing systems and
artificial lighting. This compares tavourabpiy with cur estimate
of 3 7.50/¥t2 for a northern greenhouse o+ 3Q,000+t2 and
somewhat less +favourably tooperationsof a smallier scale

(3 11.GQ/FE2 for 1G, OG0 ¥t2 of growlng araay

Eeveral options are present to reduce tne capital cosis of
the proposed (reenhouse. (1) the costs would be decreased further
if only one crop were being grown (reduced base capital
investnment) instead of the proposed three crops. (Z) Another
alternative to reducing the costs would be to reduce tne
conpl enent of artificial 1lignt fixtures and operate only on an 8
month schedule with maxi mal use of availablie lighting. This
option would reduce capital costs by as much as 3I3% to 4%%4.

All three growing system options have simlar capital costs
with NFT systenms being the least costly and peat or rockwool open
system heing the nost expensive. W cannotthereforeuse the
differences in capital costs as a neans of selecting a preferred

system Selection wll rather be mde on the basis of annual
operating COStsandsyvstem suitability to northern conditions.
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6.2 ANNUAL OPERATING COSTS

The major conmponent= OF the annual gperating costs are as
follows:

LABGUR AND MANAGEMENT

GROWING SUFFLIES AMD EQUIFMENT
ELECTRI C FCOWER

WATEKR

+ W -

Each of the above conmponents will be estimated in the
following tables.

LAEOUR AND MANAGEMENT

The operation of a greenhouse requirez a qualified

horticulturalist and depending on the growing area, a number of

full and part time assistants. The exact salary requirements
cannot be properly assessed at this time, but the foilowing

estimates will be wused: (It is assuned that the horticulturalist
will be enployed on a shared basis with some other enterprise)
HORTICULTURALIST . . ... TOTAL OF ONE v

FART-TIME HELP . ... ... MAN- YEAR

TOTAL LABOUR CO3TS ... .. $ 45, 000 / ANNUM

I+ we divide these figqures in direct proportion taoa the

growing area occupied by each ©OFf the tnree vegetaties, :(carrive

at the following annual labour costs/crop

TOMATO . . . .. o0 404 L L L $18,000
CUCUMBER . . . .. . 20% ...- % 9,000
LETTUCE . . . . . . . 40% .... % 18,000
The actual wor kl oad within the greenhouse will | argel y’ be

concentrated on the tomato and cucunmber crops which are labour
intensive and require constant pruning and training alaong
supporting wres. In the lettuce house,less manpower is
required, chiefly to sat out seedlings and harvest plants.

70 -

7



SROW ING SUFFLIES AND EQUIFMENT

The primary conponents of annual supply costs are the grow ng
medi um (peat, rockwoaol, plastic gro-tubei, ferti li zers/ chemi c als
and the shipping charges associated with delivering them to the
north. & number o f assumptions were made wnen calculating these
values.

(1) The 8 nonth growing s=ason wuld have a total of 2 plantings
of tomato and cucunber and year—round production would. have

Z plantings.

(2) Lettuce would conplete 0.5 cycles at 4,400 plants/cycla.
(2 I+ peat bags Or rockwool were used, the meaium would only pe
replaced once over the year (regardless of season length).

In the case of peat bag culture, a separate price option was
calculated for the use of local as well as inported medium It is
however inportant to note that the cost of collecting,
transporting and processing local soil is not included and nust
be added to the estimate.

TABLE 24U Annual costs for growing suppii=s in greenhouse

LAl 8 MONTH OFERATION ($/year)

TOMATO CUCUMEER LETTUCE TOTAL

7,500 ft2

NFET 1,650 4435 33535 2,470
FEAT BAG (| MPORTED) 2.540 1,263 o) 4, S&HG
FEAT BA&G (LGCAL)Y (#) 1,235 4G *o(*) 1,990
ROCKWOOL ‘ 2,430 80 ") 3? 015
10,000 +£t2

NFT 2,210 620 4735 2,305
PEAT BAG (IMFORTED) 3,F2C 1, 685 v (%) 6,080
FEAT BAG (LOCAL) (#) . 1,650 530 ") 2,655
ROCKWGOL I.240 1,110 “ (] 4,825

(#) Excluding cost of peat collection? transport and preparation.
(#y Lettuce is 1n all cases grown 0On NFTgrowing SY=t=rn-
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£8 1 12 MONTH L) FERAT | ON ( S/ year)

TOMATO  CUCUMBER  LETTUCE TOTAL
7,500 Ft2
NFT 2.275 6463 SIo Z,470
PEAT BAG ( | MPORTED) 3,560 1, 460 () 5, S50
PEAT BAG (LOCAL) (#) 1, 855 &G0 " (%) 2, 98S
ROCHWGOL 3,015 1,633 “(#) 4,580
10,000 §52
MFT 3,035 8990 710 4,635
FEAT BAG (IMPORTED) 4,735 1,950 “ () 7,405
FEAT BAG (LOCAL) (#) 2,475 755 ") 3,980
ROCEWOOL 4,020 1,380 "(#) 6,110

(#) Excluding cost of peat collection, transport ana preparation.
(*) Lettuce isinall cases (grown on NrFT growing svstem.




ELECTRI C POWER

The cost of power is calculated seiely using the power

ratings of the HID lights inthe three areenhouse rooms. Sane

other sources of pawer inciuding pumps and misceilaneous
equipment will not be included in this tablie. The cost 1s
determned by:

TCTAL KILOWATTS 2 mOURS OF UEE RATE
(4SOW/1amp x # lamps (Tab 71) (Tables 12-14) (3 0,20 JkWwhr)
TABLE 21 Annual cost of electrical powetforlighting
7,300 %2 - TOMATO CUCUMEER LETTUCE TOTAL
8 MONTHS 1,400 2,000 4,200 7,800
12 MONTHS 9,200 7,200 17,000 33,400
10,000 ft2
8 MONTHS 2,100 2,700 3,800 10, 420G
12 MONTHS 12,100 16, 0GG 22,700 43,500




WATER

The consumption of water by the plants isdifficultto
est i m te. According to Dr. Cooper, a mature ecrop cf tcmatoes
growing in closad NFT culture consunes an average of 2 litres/
plant/’ dav. In the follcwing table, this wvalue will be used to
estimate ampusl requirenents. A value of 0.2 litres, plant/ aay
will be used far the lettuce crop. The costs. wiil be “split
accordina to the reiativeconsumptionof water by each crop.

For tne determination ofccsis ang recuir=ad volumes in an
open hydroponic system, thne vaiues of the closed svstem Wwll bea
tripled. (This is a conservative estimate and will need to be
assessed nore thoroughly when final designs are made)

TAELE 22 annual volume (gal ions) of water required
for closed hydroponic system.

LA VOLUME GOF WATER (gailons)

7,500 ft2 TOMATQ CUCUHMEER LETTUCE TOTAL
NUMBER OF PLANTS &00 107 3,000 -
8 MONTHS 73,500 20,300 346,800 130,800
12 MOMTHS 107,500 20,300 S5. 000 135, 200

10,000 £t2

NUMBER OF FLANTS 800 22z A4 oo -—=

8 MONTHS 28, 000 27,000 49, 000 174,200
12 MAONTHS 146, Q00 40, 500 73, GO0 239, 500
NOTE : Fur estimates of open system volunes, nulti Fly the

-

estimates above by a factor of 3.




TABLE 23 Annual cost of water in closed and open systens.
(assuming water volume of open system = 3 : closed
system

L2] AMNUAL COST OF WATER (CLOSZED 3YSTEM)

TOMATO CUCUMBER LETTUCE TOTAL

74900 tt2 Sa%n 167 Z6%

8 MONTHS 650 200 3350 » 200

12 MONTHS 975 300 S2S 1,800

10,000 2

8 MONTHS SO0 250 45G 1, &00C

12 MONTHS 1,380 3732 &7S 2, 400

LBl ANNUAL COST OF WATER (OFEM SYSTEM)

TOMATO CUCUMEBER LETTUCE TOTAL

TS0 FEZ S&% id% Z8%

8 MOMTHS 2,200 &0 350 () J,. 190G

12 MONTHS 3, 300 Q0O S25 (%) 4,725

10, D00 ft£2

8 MONTHS 2, 8GO0 500 450 (%) 4, 050

12 MONTHS 4, 200 1, 200 675 (*) &, O73

(#) Estimates are for lettuce grown an NFT closed system
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TAEBLE 24 Total annual operating costs (horticultural ana
lighting) for different greenhouse scznarios.

GREENHDIUZSE SIZE = 743500 +tZ2 T, ind 82
GROWING SERSON B MCONTH 12 MCNTH g MONTH L2 MONTH
ALL CROFS NFT D&, 470 SEZ,070 o, T3 I
7.353 11.16 5.0 F.£3
LETTUCE NFT
TOM/CUC FEAT =8, 560 85,750 63,080 G2.603
CLOSED SYSTEM 7.81 11.43 6.31 ?.96
LETTUCE NFT
TOM/CUC FEAT 60,310 88,0679 &3. 330 103,280
OFEN SYSTEM 8.07 11.82 &.5S 1G.33
LETTUCE NFT
TOM/CUC ROCKWOOL 7,815 84,780 61,823 F8,31a
CLOSED SYSTEM 7.68 11.30 6. 18 7.82
LETTUCE NFT
TOM/CUC ROCKWOOL 39,5635 84,780 61,823 8,310
OFEN SYSTEM 7.94 11.5% &.473 10.2G
HMOTE @ It is i1mportant to remember that tne spove fTigures o NCt

take into account annual costs +tor mecnhanical ana
structural maintenanca.

It is apparent from the figures in Table 24 that there is na
significant difference in operating costs between the growing
systens examined (7% between NFT and open peat bag systens). A
significant increase in operating costs is however incurred when
the arowina season is increased from § to 12 months {from SO%Z to
&60% increase). This isiaraely due to the high lighting (and
energy) regquirements of the wintar season (see Taole Z1).




The following two options will be used to assess the
potential returns from a northern greenhouse. O her cptions may
be alsoc be evaluated wusing figures presented in Taple 23.

THELE 2E Cost/Eenetit analysis or annual ceerazting costs
versus gotantial returns of different scenarios.

(/) CFERATING COSTS (HORTICULTURAL % LIGHTIMG)

SCEMARIO A : ALL CROFS NFT SYSTeM 745wl ¥ 1G, 000 +£2
LETTUCE 12 MONTHS 67,5620 77, 863

TOM/CUC 8 MONTHS €. =2 7.79

SCEMNARIO B : ALL CRGOFS NFT SYSTEM 7,350 2 10,000 ££2
ALL CRCFS 12 FMONTHS 83,6710 26,3835

11.156 $.68

(E) POTENTIAL F FJ)DUCTI ON RETURNS

7,500 TE2 1,000 $E2
LETTUCE 1Z MONTHS (19,3400 hd @ 3.8&) (26,000 hd @ S.856)
TOMATO 8 MONTHS (12,000 1b @ 2.14; (16,00CG 1b & 2.14)
CUCUMBER 8 MONTHS ( 7,300 1b @ 1.40) (10,200 1b @ 1.40)
TOTAL FROJECTED RETURN 2 3 111,430 3 133,590

---------- ($ 14.86 T2 ) ----------

LETTUCE 12 MONTHS (19,500 hd & I.8&) (26,000 hd @ 3.8%)
TOMATO 12 MONTHS (19,500 |b & 2.14) (20, 000 |Ib @ 2.14)
CUCUMBER 12 MONTHS (12, OGO 1b @ 1.40) (16,000 Ib @ 1.40:
TOTAL FPROJECTED RETURN $ 153, 800 $ 178,4 €O

—————————— { $17.84 Ft2 ) ----------

See Table 4 for target yields and Table 2 for market value (S/lb)

- I+ seedless cucumbers are grown (2@ 4.081b), total returns are
increased by 18% to Z4% depending On option select ea.




(C) COST / BENEFIT SUMMARY

7,500 +£2 1,000 ££2
SCZNARIO A FETURN 14,85 +tz2 14.886 ftl
aF CcoST F.25 f22 7.77 +£2
LETTUCE 12 MGNTHS oF
TOM/CUC 8 MONTHS - -
DirrFErelCE 3.38 +tC Te7 $92
{per annum; (s 41,880 (3 70,700
SCENARIO B RETURN 17.84 ft2 17.84 + t2
OF” COST 11 1.5 &2 o baf tZ2
LETTUCE 12 MONTHS OF
TCM/CUC 12 MONTHS mmmm—mm -
D | FFEREMCE 5. 4B f tZ S.1&6 +t2
(par annum) (530,1(:)0) (551,800
CAPI TAL COSTS OF NFT 554,110 $ 107, 885

GROW NG SYSTEM

In both scenarios, the potential returns are greater for the

~ oy e

larger greenhousa surface. A 62% (B) to &84 (A} increase in
production returns are cbtained +rom a II3W 1ncrease in growing
surface (7,300 to 10,000 ft2). Cespita higher operating costs,
vear—rcund proauction of all three vegetabies would aprear to be
gccnamicaily atsractive (providing norticuliural f2asibilicy 1s
established). )

Amoreconp leteeconani cpi ¢t Ut-e cannatbe present 2d Wi th out
the rema i rider of the capita 1 cost= (s truc tura l and mech anica 1)
| t does however appear that either production scenario will prove
econom cal to the prospective operator.




RECOMVENDATI ONS

NFT hydroponic culture is recomended as the nbst practical
growing system for initial trials inthe Iqaluit greenhouse.
| east expensive ofallpotantialsystems (capital

as well as annual coasts)

no importation of media required amd no preblem Wwith

di sposal of wused n®edia.

same degree of horticultural expertise required for all
threea systens eval uat ed.

being a closed system permits water conservation and
elimnation of disposal problens anticipated with open

systems.
is easily convertible to peat bagorrock-wol culture.

An initial cultivation area of 10,000 $t2 is recommended to
ensure the best return on investment possible. Serious
consideration should be given to future expansion to meet local
vegetabl e nmarket denand.

An initial cultivation period of 8 nonths for tomato and cucunber
plants and 12 nonths for lettuce is recommended- Once sufficient
experience has been acquired wth =he cultivation of these crops,
a year—-round schedule snouid b e attempted to maintain a steady
supplyct produce far the locaimark=st.

The acquisition of a conpetent horticulturalist to manage the
propased facility is essential to the success of the operation.
G aduates from the University of Laval, Ste Fcy, Quebec and the
University of Guelph, , Ontario would be likely candidates
although persons should ideally have previous Working experience
with hydroponic vegetable cultivation.

w
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APPENDIX A

SUFFLIERS OF EQUIFMENT
AND SUFPORT ORGANIZATIONS

COMFANY

FRODUCTS,SERVICE

AGRO DYNAMICS INC.
Building 3, Mavy Yard
Brook 1 yn 4 N ‘f. 11205 USA
1 -80O0-AGRO-CAN

AMER | CAN GREENHOUSE SYSTEMS INC.

110 Hal + Acre 1 ane
Fanama Ci ty EBeach

-

F lori aa 32407

BalLL-SUFER IOR LTD

1155 Bi rehv i 2w at-i ve
Mississauga, Ontario LSH 3E1
(416) 278-35201

CANALD IAN HYDROGARDENMS LIM TED
411 Eook Road wWest

dncas ter, Ontario LSG =L1
{41467 64 G| 8a1

John Stevens

CANGDIAN HYDROFHYTE SYSTEMS
002 Sandlewoca Court
Burlington, Ontario L7M ZA4
(416) 3I3IS-30F3

GRONERS TECHNI CAL SERVICES
2241 Dunwin Drive, Erin Mills
Mississauga, Ontario L5L 1AZ
(410) B26-5925

Alex Turkewitsch

G een nousz2Cemputarsystems
Grocan tm Roc kweo 1 sys zeros

Supp Li er of comp 1 e t2 hydro-
poON 1C greenncus=2s and
train ing far new g rcowers

Greenhouse surp i i es and
equ 1 preen t

Complete hydroponic systens
and all required equipnent.
Fertilizers, nmeters, tanks
Water, tissue and sol ution

analysis ana interpretation
Growe + Support

MFT lectuce trough svsiem
Fockwool

Ferti 1i zer injection systens
DGT Conmputer control ler-s

pH and EC metars.

Ebb and Flow benchingsvstems




COMFANY

FRODUCTS/SERV | CE

LES | MEUSTR | ES H&RNO | S [MC.
1044 rue Fr i nc 1 p2aie,

S t-Thomas-de-Jo 1 i et te
Quebec JUk ILD

(S134) 7Sé-1041

Jean Lamcureux

Horti cul tural Resear ch
of Ontario

Ontario Mnistry of
Agriculture and Food
Vineland Station, Ontario LR ZEO
(4147 S32-4141

Institute

HYDROCULTURE, INC.

F2th ave. and West Glendale
F.0. Box 14633

Glendale, Arizona 859311 USA

HYDRO-GARLCENS, | NC
P.0. Box F707
Colorado Setings,
Colaorado 80932 USA
(303T) 493-2266

Hydrepeni ¢ Society af America
F.O0. be;< 314, EBErentwood,
Californ |a. 94513 USA

| SOSC

(The International
Soi 1 less Cul ture)
Secretariat of IS0SC

F. 0. Box 52, Wageni n gen,
The Net herl ands

Soci ety for

JACE, VAN KLAVEREN LTD.

F.G. Be:: 219

€t Catharines, Ontario LZR &Z4
(416) &84~1103

fesian zana supely o+ hvarao-—
Fcnic esuizment and lignting
fixtures. Fertilizer mixers,
reckwocl, MNFT gutters and
SUsPart s=tructures.
oresnnousa structures.

Information on hydroponic

culture and suitable
vegetable varieties

Swp il er of
training +cr
growers.

equi pment and
hydroponic

Compli=te hydroponic systens
and ail required equipment
and supplies. Custem blends
of fertilizer, peat bags,
NFT lettuce arcwing system

Soci12ty tor sgilless growers

Intormation and mnemoer<snip.

Worlawide socieny for the
promotion of soil less culture
Information center for soil-

| ess culture.

Greenhouse supplies
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PRODUCTS/SERVICE

LET TLUCE FRGM EDEN
K.R. 1 Cargiil, GntarighliG 1 Jo
(319) . 360 -95" ==

METEXLCorporation Linmted
12 Fenn Drive, Unit 1
Weston, Ontario M9L ZA9
(416) 749-1210

John Fudney

W.H. FERRDON & CoO. LTD
515 Labelle Blvd.
Laval, Quetec H7Y ZT3
(S14) I52-35610

FL LIGHT SYSTEMS CANADA& | NC
P.0. Box 206é

183 South Service rd., Unit 2
Grimsby, Ontario L3ZM 463
(416) 94S5-4133

FLANT FROLCUCTS CO. LTD
314 Orenda Road,
Brampton, Ontario L&T 151
(414 7F3-7000

FREMIER FEAT MOSS LTD.

F.0. Box 3520

Chemin Temiscouata
Riviere—du—Loup, Quebec G3R 371
(413) B&Z2-39464

FR 1va COMFUTERS | NC.
182 South Service Road
Gri mby, Ontario L3IM 4H7

SHAMROCK INMNDUSTRIES
HwvyS% South

Nor wi ch, Ontario
NOJ 1RO

(S1%9) B&I-Z02Z4

- &8

-Hydroponic supeli=zsand
censu i tiong

Fertilizer injecticn svstems
pi-i and ECmeters , pumps

GCreennouse suppli=ss and
equipment, fertilizers,
s2eds

Greenhouse 1lignting equi prment
Lighting design for different
crops

Fargrao trockwaol, fertilizers
greenhouse equipment and
pesticiges,s rungicides

Soilless grocwing mixes

Greennouse conputers ana

C82 generators

Speedesl tm. gro bags /blended
peat mises fortomato and
cucunber production



COMFANY

FRODUCTS 7 SERV | CE

SMITHERS-OASIS CaANADA LTD
108 McMaster Avenue
Ajax, Ontario L1353 ZE7

STOKES SEEDS LTD.

f.0. Box 10, 39 James street

St Catharines, Ontario LZR oRé

(416) 688-43(10

VARY IMDUSTRIES (198Z: LD
317 South Servica Road W .
Grimsby., Cntario LIM 4MN&
(316) F45-24671

FETEr ZWART AND ASSOCIATES
178 Alway Road

F.0. Box 235, Grimsby
Ontario L3IM 463

(416) 643-4156

John Knignt

- E9 -

Casis tm grawing media

Vegetable se=ds

Greenhous=s sIructuress
Bencn and support systems

Fertilizer mi Xing systems
Hvdaroponic systens and equip—
ment.

/
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INTRODUCTION

The purpose of this study is to research and devel op an econom cal green-
house design for 1Igaluit w th associated capital and operating rests.
Specifically the work involved includes:

) Based on climatic conditions, energy conservation requirenentts, the
crops , and costs , an investigation was performed of greenhouse sys-
tems available to determine which would be nopst appropri ate.
Diagrams and a description of the recommended system with necessary
adaptations are presented.

0 Based on information provided by greenhouse suppliers and local con-
tractors, the capital costs of the greenhouse were estimated.

0 Based on energy costs, supplies and labour, the operating expenses
were estimated. Using the infornmation gathered in the narket study,
the income of the greenhouse was al so esti mated.

) Thr ough a consultation program with other northern greenhouse
operators, a review of the design was undertaken to solicit input and
options.

0 Potential funding sources were identified.

GREENHOUSE DESI GN

Various types of greenhouses were considered with the prime requirenent
being availability from a comme rcial greenhouse supplier. |llustrations of
the types of systenms and the rationale utilized in deterrnining which is
the nost suitable follows.

Figure 1 indicates a design devel oped by the Brace Institute, that appears
to provide a sensible approach for the north because there is mninum heat
| oss. Assuming a significant solar contribution from March to Cctober, for

our latitude the best angle of gl azing for the south facing glazing is
about 50°. This is only an approximation because data was extrapolated
from Churchill, Manitoba and Ednonton, Alberta ( see Appendix A) .

Upon further investigation (again using Churchill data, see Appendix B),
it was determined that, for the eight nonth grow ng season, an Igaluit
greenhouse woul d obtain approximately 32% of its light through northern
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glazing. This results because there is nearly 24 hours of sunlight during
the summer. Wthout northern glazing the rate of plant growth would be
signif icantly reduced. This fact was verified with the Agricultural and °
Forestry Experinent Station of the University of Alaska in Fairbanks. For
this reason, this design was not considered further.

7
7
%’I/////////I’/////////////’////I/////I//// A

FIeURE 2

Figure 2 illustrates a type of greenhouse that could be used but a quick
assessment indicated that the similar style of greenhouse, shown in figure
3, is nore practical.
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FIGURE %

G eenhouses such as these are capable of withstanding strong northern
winds, are inexpensive to construct, and have a |ow heat loss per square
foot of growing area. Internal clear partitions can be installed to
provide different environnental areas to meet different crop requirenents.

The next issue involves the kind of gl azing to be used. Due tg our extreme
climte ( 17,852 OF degree days per year) , only double glazing was seriously
consi dered. There are three typesreadily avai | abl e from comrércial green-
house suppliers; that is, double acrylic, double polycarbonate and double
pol yet hyl ene. Double acrylic or polycarbonate are desirabl e because they
have such a high resistance to inpact, but they are both expensive. Double
pol yethylene is |east expensive, but there were concerns with whether it
would Wi t hstand Igaluit 's hi gh winds at temperatures 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.

To optimize both capital and operating costs while at the sanme tine
providing a functional and structurally sound greenhouse it was determ ned
that a multi span greenhouse wth walls of double acrylic and a roof of
double pol yethyl ene would be the npbst feasible. The bottom two feet of the
wal s, (below the | evel of the growi ng benches ) , are to be insulated.

The best type of floor would be raised on spread footings or piles. This
would elimnate any degradation of the permafrost and subsequent shifting
of the foundati on, as well as prevent snowdrifting around the structure.
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Unfortunately, this foundations system is al so the npbst expensive. To
reduce costs , estimates are based on a foundation system that consists of
a grade beam and a gravel flecor placed over 4 inches of pol yurethane in-
sulation. It has been verified that potential movement of the floor can be
accommodated by the structure. The building will be oriented to minimze
snowdrifting but sone snow clearing will undoubtedly be required on the
south side to ensure maximum sol ar radiation through the vertical glazing.

Figures 4, 5, 6 and 7 illustrate a greenhouse conplex designed for
lgaluit. Wth this design, it will be possible to produce areasonably
econom cal product in an environment that is constructed to wthstand the
harsh Arctic climate.

SI TING ANALYSI S

As shorn in Figure 5, the site on the east side of the road to the power
plant provi des the nost suitable location for the greenhouse. Devel oprent
costs for this site would be expensive because long | engths of piping are
required for the installation of the heat recovery system and for connec-
tion 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, i s good. There is
ample area to locate the greenhouse with proper southern orientation, to
allow for future expansion, and to provide parKking.
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CAPI TAL COSTS AND OPERATI NG INCOME AND COSTS

In attenpting to optimnize a greenhcuse operation, a nunber of variables
have been investigated. Some of these are dealt with in the previous study
“Horticultural Design and Production Scenarios”. The greenhouse size and
the duration of the growi ng season each have a significant inpact on
costs. Provided in this report are capital and operating cost estinates
for the 7,500 f t 2 and 10,000 ft ?*sizes, and 8 nonth and 12 nonth grow ng
seasons outlined in the previous horticultural report.

The duration of the growing season has a serious inpact on the heating
system As indicated in Appendix C, the approxi mate heating costs for a

sanpl e 10,000 square foot greenhouse (not including the header house) for

an eight month growing season is $28,800 as conpared with $65,300 for a
twelve nonth growing season. The cost of a heat recovery system fromthe

N c.P. ¢c. power plant is estimated at $119,000 (see Table | ) . CQbviously a

heat recovery systemhas a very quick econom ¢ payback based on a 12 nonth _—
growi ng season but itmay be questionable with an 8 nonth grow ng season .

The feasibility of the greenhouse with and without waste heat recovery
will be considered in the econcmic anal ysis.

Retmilers have indicated that the wholesale price is approximately 75% of
the retail price. With air freight, the cost of produce from southern
suppliers for businesses and institutions is approxinately equal to the
local retail price. The marketing study also indicates that buyers are
prepared to pay a 15% premum for good quality locally grown produce. As-
suming that 50% of the produce wll be sold to institutions and
busi nesses, and 50% to local retailers, the average anticipated selling
price was calculated in the follow ng manner:

averagesel 1ing price market price to retail ers + sarket price to businesses and institutions

L)
&

narket price X (100% - 25% + 15%) 4 aurket vrice X {100% + 15%) ?/

n
&

sarket price x 30% + market price ¥ 1133

> (o

= aarket price r 102.5%
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Therefore the narket prices indicated in the market study will be used as ,
the average selling prices in the income projection.

The followi ng tables indicate capital costs and operating incones 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 repayment and interest payments have not been included in the —
operation tables.
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TABLE |
CAPI TAL COSTS FOR GREENHOUSE COVPLEX

Item 7,500 sq.ft. 10, 000 sg.ft.
1, Heat Exchangers, etc. @ NCPC $ 9,000 $ 9,000
2.  Exterior Heat Recovery Pipeline 42,000 42, 000
3. Mounting & Protection of Pipeline 20, 000 20, 000
4, Freight for items 1,2,3 5, 000 5, 000
5. Installation for items 1,2,3 25, 000 25, 000
6. Site Preparation (level, grade) 1, 500 2,000
T, Structure Foundation 3,000 4,000
8. Insulation & Material for Floor 26, 100 34, 800
9. Packaged G eenhouse including

Structure, Hardware, Doors,

walls , and Roof 40, 900 54,500
10. Freight for item?9 3,500 5,000
11. Installation for item?9 10, 000 13, 000
12.  Greenhouse Ventilation 7,800 10, 400
13. Greenhouse Heating 29, 900 37,500
14. Tomato Shading Curtain 8, 300 11, 000
15. G eenhouse NFT Hydroponic System 55, 800 60, 800
16. G eenhouse Lighting 26, 300 35, 100
17.  Freight for items 12,13,14 2,000 2,000
18. Installation for itens

12,13, 14,15, 16 21,000 2'7 ,000
19. 0002 Generators 12,000 12, 000
20. Header House (1, 260ft Z @ $80/ft2) 100, 800 100, 800
21. Emergency Generator 5,000 5,000
22.  Additional Mech/Elect. Greenhouse

Costs i n Header House 8, 000 8, 000
23. Small Tools & Produce Containers 4,500 5, 500
24. Contingency at 5% 25, 600 28, 700
25. Engineering at 7% 37,000 42,200

Total $530, 000 $600 , 300

Deletion of Waste Heat System
Delete Items 1 ,2,3,4,5 and
Adjust Items 24,25 ( $119,000) ( $119 ,000)

Tot al $411, 000 $481, 300
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TABLE 11
| NCOVE _AND EXPENSES- OPERATI ON FOR  TWELVE MONTHS

[tem 7,500 sq.ft. 10,000 sq.ft.
INCOME
Lettuce ($3.44 per head) $67, 080 $89, 440
Tomato  ($2.14 per Ib) 41,730 55,640
Cucumber ($1.49 per lb) 17,880 23,840

Total |ncone 5126,690 $168, 920
EXPENSES
Direct
Labour $45 , 000 $45, 000
G owi ng Supplies

& Equipment 3,470 4,635

Operating Over heads (Using Waste Heat)
El ectric power
(Lights +3 H.P. Gircul ator) $39, 280 $50, 680
water 1, 800 2,400
Ol 0 0
Repairs &Mi nt enance 3,000 3,600
Miscellanecus 1,200 1,500
Adnini strative Overheads
Accounting & Legal 1, 000 1, 000
Insurance 2,600 3, 500
Ofice Costs 900 1,200
Communications 1,100 1,500
Taxes 3,500 3,500

Total Expenses $102, 850 $118, 515
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TABLE I11

INCOME AND EXPENSES- OPERATI ON FROM MARCH 1 TO OCTOBER 30

ltem 7,500 sq. ft. 10,000 sq. ft.

INCOME

Lettuce ($3.44 per head) $41,280 $55, 040

Tomato  ($2. 14 per Ib. ) 25, 680 34, 240

Cucunber ($1 .49 per |Ibh. ) 11,175 14,900
Tot al Income $78, 135 $104, 108

EXPENSES

Direct

Labour $45, 000 $45, 000

G owi ng Supplies

& Equipment 2,470 3,305

Operating Overhead (Using Waste Heat)

El ectric Power

(Lights +3 H.P. Circul ator) $11, 410 $14, 010

Wat er 1, 200 1, 600

Ol 0 0

Repairs & Maintenance 2,000 2, 500

M scel | aneous 800 1,000

Adm ni strative Overhead

Accounting & Legal 1,000 1,000

| nsurance 2,600 3,500

Ofice Costs 600 800

Communications 750 1,000

Taxes 3,500 3,500
Tot al Expenses $71,230 § 77,215

Del etion of Waste Heat System

Add O $22, 200 $29, 600

Del ete 3H.P. circul ator (3, 610) ( 3 ,610)
Total Expenses $89 , 920 $103, 205
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TABLE IV

INCOME AND EXPENSES- oPErRATI ON LETTUCE FOR TWELVE MONTHS AND

TOMATOES AND CUCUMBER FROM MARCH 1 TO OCTOBER 30

Iltem 7,500 sq. ft. 10,000 sqg. ft.
INCOME
Lettuce ($3. 44 per head) $67, 080 $89, 440
Tomat o ($2. 14 per Ib. ) 25,680 34, 240
Cucunber ($1.49 per 1b.) 11,175 14,900
Total | ncone $103, 935 $138, 580
EXPENSES
Direct
Labour $45, 000 $45, 000
wi ng Supplies
Equipment 2,645 3,540
(Qperating Overheads (Usi ng Waste Heat)
El ectri c Power
(Lights +3 H.P. Circul ator) $26, 500 $33, 400
Wt er 1,375 1,825
Ol 0 0
Repairs & Maintenance 2,400 2,900
M scel | aneous 1, 000 1, 200
Administrative Over heads
Accounting & Legal 1,000 1, 000
Insurance 2,600 3,500
Office costs 700 1, 000
Communications 900 1,200
Taxes 3,500 3,500
Total Expenses $87 ,620 $98, 065
Deletion of Waste Heat System
Add Oil $33,500 $44, 600
Delete 3 H.P. Circul ator (5 ,900) (5,900)
Total Expenses $115, 220 $136,765




SUMMARY

Sunlight from a northerly direction should be considered in the design of
the greenhouse for lqaluit. A multispan greenhouse with double glazed
acrylic walls, double glazed polyethylene roof and gravel floor provides
an economical greenhouse system The site on the east side of the road to
the power plant provides the nost suitable |ocation.

The suggestions and observations of experience northern greenhouse

operators are summarized in Appendix D of” this report. The nost sig-
ni fi cant recommendation is that, since tomatoes and cucunber do not grow
wel | under artificial light, they should be grown only during eight nonths
of the year.

A list of potential funding sources for this project is located in Appen-
dix E

Based on the design, capital and operating cost and recommeda ons of
northern greenhouse operators, proforma f inancial statenents should be
produced for the follow ng options:

Greenhouse Growing Status of Waste
Sige Scason feat Recovery Systes _
Optien 1 - 7,500 ft? 8 ronth season veste heat recovery systea
Cption 2 - 7,500 ft® 8aonth Season no waste heat recovery systea
Option 3 - 7,500 ft: t8/12 aonth season waste heat recovery systes
Option 4- 17,500 ft? 1 8/12 acnth season no waste heat recovery systes
Cptioa 5- 10,000 ftt 8 unth season waste heat recovery spte
Option6- 10,000 ft* 8 nonthseason no waste heat recovery systea
Option ? - 10,000 tt t 811: nonthseason waste heat recovery systes
Option$ - 10,000 ft* t §/12 nonth season nowaste heat recovery systes

$ S months tomatoes end cucumbers and 12 aeaths lettuce



APPENDI X A

ESTIMATE OF CPTIMUM ANGLE FOR SOUTH FACI NG GLAZI NG

The i nformation for Ednonton and Churchill was taken from “An Anal ysis of Sol ar
Radi ati on Date for Selected Locations in Canada” by J .E . Hay.

The optimum southward facing glazing angles for Ednonton, Alberta and Chur-

chill, Mnitoba from March to Cctober are:
Edmonton Churchill

March 60° 700

April 500

May 300

June 200 20 o

July 300

August 40¢

September 500 500

October 700

360 / 8 = 450

The latitudes for Edmonton, Churchill, and Igaluit are 53034, 58045, and
63°45" respectively. The difference between Churchill and Edmonton is 5011 and
between Igaluit and Churchill is 5¢Q', Therefore, if we extrapolate from Ednon-
ton to Churchill to Igaluit, the best angle of glazing for a south facing wall

in Igaluit is about G50s.

It is understood that this methodol ogy does not take into account such things
as variations in cloud cover, but should be sufficiently accurate.

Alll




APPENDIX B

ESTIMATE OF PERCENTAGE OF DAILY SO AR RADIATION FROM THE NORTH

Again from "An Anal ysis of Sclar Radiation Data for Selected Locations in
Canada” Ly J .E . Hay, the nean nonthly values of daily shortwave radiations on

inclined surfaces for Churchill, Mnitoba (in MJ/m2 per day) are:
Mar ch April May June

North South North South North South . North South
10¢ 9 .69 i4. 83 17.06 21.54 19.35 22.12 21.03 22.98
200 6.95 17.04 14.39 23.23 17.35 22.91 19. 33 23.31
30e 4,53 18.91 11.52 24.52 15. 01 23.18 17.34  23.19
40 4.16 20.39 8.52 25.29 12.38 22.95 14.94 22.55
500 3.84 21.44 7.29 25.53 3.56 22.28 12. 27 21.50
600 3.59 22.02 6.80 25.23 8.11 21.11 10. 03 20.01
700 3,41 22..12 6.44 24.39 7.25 19.48 8.86 18.09
80° 3.56 21.73 6.14 23.05 6.53 17.44 7.86 15.88
S0 4.05 20.87 6.33 21.33 5.87 15.18 7.04 13. 47

July AuguSt Sept enber October

North Socuth North South North Socuth Nort h South
10 19.55 21.60 14. 50 17.27 7.82 10.39 3.37 5.26
200 17.92 22.07 12.68 18.17 6.30 11.36 2.45 6.10
30e 15,83 22.08 10.63 18.65 4.68 12.08 2.09 6.82
40" 3.62 21.58 8.38 18.76 3.65 12.53 1.82 7 M5
500 11 .0'7 20.73 6.57 18.45 3.21 12.69 1.85 177
60¢ 9.2 19.41 5.81 17.71 2.79 12.57 1.29 7.98
700 8.27 17.68 5.22 16.57 2.39 12.15 1.04 8.00
800 7.42 15.61 4.683 15.06 2.01 11.47 0.82 7.88
90" 6.67 13.36 4.13 13.2 1.66 10.53 0.66 7.48

The average for the north facing surfaces is 8.06 and for the south facing sur-
faces is 17.49 MJ/m? per day. Therefore the percentage of solar radiation from
the north (not inducting the gable exds) i S 8.06 = 32%

8.06 + 17.49

This is of course going to vary depending upon the orientation of the par-
ticular glazed surfaces of the greenhouse. But it serves as a good illustration
and approximation.

This calculation was done for Churchill. Iqaluit has more hours of direct sun-
light from the north and thus will have a greater proportion of solar radiation

from the north.
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APPENDIX ¢

HEAT 10SS . HEAT GAIN. O L QOSTS

/’f,zuz' n )
IELEEN e

= Y '
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The heat |oss, solar heat gain, and oil costs for the structure illustrated in
Fi gure 8were calculated in the fol | owi ng manner. As indicated in Table Il of
the “Horticultural Design and Production Scenarios”, the design tenperature of
the crops varies considerably. An average indoor tenperature of 180C (64°F) was
used. The outdoor design tenperature is -40'C (40 OF )

Design_Heat l.oss

Knee wall insulated to R27:
[190° + 190' + 63') X 2'] X (64°F - (-400 F))/27 = 3,413 Btu

d azed gable end with Lexan | /4 ' PCSS, R 1.54:
[9° x63" + 2/3 x21"x 4 x3x2] x(640 F- (-40°F))/1.54 = 60,982

d azed side walls with Lexan 1/4°° PCSS, R 1.54:
[9° x190' + 9 x190’] x(64°F - (-40°F))/1.54 = 230, 961

d azed roof with double polyethylene 6 nmil,R 1.42:
[277 X 190" X 2 + 27" X 95" ] X (G4°F - (-40°F))/1.42 = 939, 296

Fl oor insulated to R25:
[210° x 42' + 115" x21'] X (649F - (-25°F))/25 = 17, 527

Header house walls inslated to R27:
[200 + 63" + 20'] X 9° X (70°F - (-40°F))/27 = 3,777

Header house roof insulated to R40:
[20" x 63"} X (70°F - (-40°F))/40 = 3,465
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Header house windows, R 2.56:

[2° X 2 X 4] X (70F - (-400 F))/2.56 = 638
Header house doors, R3:
[3' X 7' X 2] X (709F - (-40°F))/3 = 1, 540

Infiltration assunming 1 air change per hour:
X21'+2/3 X21 X4] X475 +9 X 20 X 63'] X 1.08

[[9

X {64°F - (-40°F))/60 = 239, 082
Tot al 1,500, 731 Btu

Annual Heati ng Requirement

Average annual degree days = 17,852°F days/year

1,500, 7s1
104

Btu X 24 hr X 17,852 CF _days = 6,182,550,000 Btu/year
hr. °F clay year

March to October Heati ng Reguirement

March to October Degree Days = 9, 312 °F.days

1

5

104

8 nont hs

0 O ,Btu3X124 hr—x 9,312 OF days = 3,224, 955, 000 Btu/year

hr. OF day year

Solar Heat Gain

Thi s

calculation will only be a rough approximation because there are a number

of assumptions that have to be rode.

C

The cal culations are based on values taken from “An Analysis of Sol ar
Radi ation Data for Selected Locations in Canada” by J.E. Hay for Chur-

chill,

Manitoba. Figures were adjusted for Igaluit by using the ratio of

the average shortwave radiation on a horizontal surface in Igaluit to that
in Churchill.

Average val ues are used in the calculations such as:

0

the average daily shortwave radiation on a horizontal surface for the
cal cul ati on period
the average of the daily shortwave radiation values on inclined sur-
faces from 80° facing south to 80° facing morth ( for the round roofs
of the greenhouse)

the average daily shortwave radiation on inclined surfaces for the
cal cul ati on peri od.

A computer program would produce nore accurate information
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It will be assumed that 45% of the solar heat gain will be lost due to

light being reflected from the greenhouse ard energy being required for
plant transpiration.

Annual Solar Heat Gain

Glazed upper east gable end with Lexani/4

[9

Average annual shortwave radiation on a horizontal surface {Igaluit)
= 834 _ Btu
ft: day

Average annual shortwave radiation on a horizontal surface (Churchill)
= 1,007 Btu

ftz day

Glaged west gable end with Lexan 1/4 ‘PUS, solar transaittance 88%
[9" 1 83" +2/3 x21' 1 4' 1 3] x73? Bta x365 day r 834 x .88 x (1 -.4%$) = 75,256, 000 Btu/year

ft: day year 1,007

*PCSS, solar transmittance 88%
834

[273x21' X 4 x 3] x752Btux 365day x .81 (1 - .45) - 18,484,000 Btu/year
ftt day year 1,007
Glazed south side wall end with Lexan1/4*FC8S, solar transmittance 88%
ro196') x 1,127 Btu 1 365 day_ x 834 x .88 x ({1 - .45): 281,965,000 Btu/year
ft: day year 1,007

Glazed northside wall with Lexan1/4"FC33, s0lar transmittance 83%
[0 x180")x 285 Btu r 365 day r 834x .88 x (1 - .4b}: 73,806,000 3tu/year

ftt day year 1,007

Glazed roof with double polyethylene, solar transmittance 67%
[277 x 190" x 2 + 27" x 95'}1x_ 898 Btux 365 day x834x .87x {1- .4§)=1,282,323,000 Btu/year

ftt day year 1,007

Tot al 1,736, 434,000 Btu/year

Solar Heat Gain from March to October

Aver age annual shortwave radiation on a horizontal surface {Igaluit)
= 1186 _ Btu
ftz day

Average annual shortwave radiation on @ horizental surface (Churchill)
= 1378 _ Btu

ft2 day
Glazed west gable end withLexan1/4"PC33, solar transmittance 88%
19" x 63 +8/3x2l"x 4" x3)x 338ty x5 day x 1,186 1.88 x (i-.45]: 71,885,000 Btu/8 sos.
ft: day 8 mos. 1,379
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APPENDI X D

DI SCUSSI ON OF GREENHOUSE COMPLEX WITH COMMERCIAL NCRTHERN GROWERS

Once the greenhouse and horticultural system was devel oped, other northern
greenhouse operators were contacted to determine the feasibility of the plan
inthe light of their pragmatic experience. ‘heir suggestions were solicited
on improving the economics of the venture. The following are their key sug-
gestions am observations. Burdett-Moulton’s renarks are in brackets.

Mr. Allan Heiland Of Heiland Farms, Whitehorse, Yukon

Mr. Heiland grows produce hydroponically, lettuce and bean sprouts in par-
ticular.

thought t hat proposed system was | ogical

noted that he reduces the temperature in his |ettuce greenhouse to 4 °C at
ni ght

in 1978, 90% of the |ettuce consumed in Whitehorse was iceberg, t he other
10% was romai ne and | eaf lettuce.

in 1988, 64% ofthel ettuce consumed i n Whitehorse was iceberg, 18% was
romai ne, 16% was leaf |ettuce, and 2% was butter head.

t he above was the natural progression of public consumption; he does not
know what would happen if larger quantities of fresh, locally grown
romai ne, leaf, and butterhead |ettuce were nmde available; with his
present operation, he may have a better idea in a few nonths.

he is presently investigating the use of large growth chanbers that can

provi de nore produce per square foot nmuch faster; apparently they are
quite new.
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John Collette, Fairbanks, Alaska

Mr.Collette grows rosesand tomatoes 11) a doubl e pol yet hyl ene  greenhouse.

notes that tomatoes do not grow well under artificial |ight because the
light carmot penetrate the dense upper foliage to the foliage and tonatoes
underneath.

a $750,000 greenhouse was built in McGrath, Al aska to grow tomatoes year
round under artificial light; they couldn’t nmake it work properly.

suggests that, if we. really want to grow tomatoes year round, We get a
publication from Rutgers University called “Gow ng 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 October.

recommends Staggered planting to elimnate peak production periods.

has marketabl e tomatoes from Mey 20 to Novenber 1.

strongly recommends only growing tomatoes for 8 months of the year and
notes that the sane problemoccurs with cucunbers although not as acute.

(We will not consider growi ng tomatoes or cucunmbers for 12 monthsin the
economi ¢ analysis )

feels that lettuce would be a good year round crop.

suggests Alcoa fin tubing for heating because it is very efficient; it is

avai |l able from Sharp Suppliers on the west coast .

tomatoes are the nost difficult crop to grow hydroponically, recomends —
hiring a horticulturalist who has this capability.

recommends a thermal curtain. (The free heat available from the waste heat
recovery pipeline makes this an unnecessary expense. |f the pipeline is

not installed, a thermal curtain should be installed. )

suggests that the waste heat pipeline be made of a material such as CPVC,

use a small dianmeter pipe ( 2 ywith a high tenperature difference, and be
insulated with fibreglass in order for the systemto be as econonical as
possi ble. (The estimate for our pipeline is tased on fibreglass pi pe which

is less expensive than CPVC, insulated with sprayed urethane for protec-
tion against the severe winds in Igaluit. The pipeline is 4" with a G0°F
temperature drop. If the pipeline was 2“, the capital savings would not

of fset the additional operating costs for the larger circulator that would

be required. )

states that a good conpronise between insulation and glazing is to have ~
the bottomthree feet of the East, South, &and West walls well insul ated,
the bottomsix feet of the north wall should be well insulated and the in-
terior surface should be highly reflective. (If the project proceeds, this
suggestion will be used.)



houses.

Mann leiser - Alaska ( eenhouse, Anchorage, Al aska

Leiser grows bedding plants and flowers in double gl azed fibreglass green-

recomends Lexan or double fibreglass greenhouses as opposed to double
pol yet hyl ene; states that, as the air gap becomes |arger than one inch,
increasingly large air convective current are set up between the |ayers of
glazing that significantly reduce their thermal resistance. (Wth the
wast e heat recovery pipeline, the reduced heat |oss from Lexan or
fibreglass does not reduce the operating cost. The inportant consideration
is the capital cost. )

when the decision is made on the glazing, be sure to account for the cost
of replacing a layer of polyethylene about every two years. (The capital
cost of the polyethylene is about $1,400 every 2 years plus labour. )

they use lascalite fibreglass that starts with a light transm ssion of S1%
or 92"% and after twenty years is reduced to 87% to 89%; it has a twenty
year warranty,

they make a double glazed system by installing spacers between two |ayers
of fibreglass.
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APPENDI X E

FUNDI NG SOURCES

As part of the feasibility study for a greenhouse conplex in
Igaluit, an initial i nvestigation of potential funding sources
was made. |If this project proceeds, the following resources should
be investigated.
1. Enpl oynent & Inmmigration Canada
Job Devel oprent - I ndividually Subsidized Jobs

2. Feder al Busi ness Devel opnent Bank

Regi onal O fices Headquart ers

5202 Franklin Avenue
Yellowknife, N.W.T.

X1A 1E2

(403) 873-3556
3. Busi ness Loans and QGuarantees Fund -
4, Economic Devel opnent  Agreenent

Local Ofice

Economic Devel opnent & Tourism
Economi ¢ Devel opnent Officer
G.N.W.T.
Igaluit, N.W.T
X0A OHO
(819) 979-5311

5. Venture Capital Program

Local Ofice
Economic Devel opnment

& Tourism

Economic Devel opnent Oficer
G.N.W.T.

ITgaluit, N.W.T.

X0A OHO

(819) 9’ 79-5311

Enhancenent
Enpl oynent

Employment
Contacts

Super i nt endent

901 Victoria Square
P.0. Box 6021
Montreal, Que.

H3C 3C3

(514) 283-5904

(403) 873-7363

Headquarters

Manager,

Economi ¢ Devel opnent
Secretari at
Box 1030
Yellowknife,
X1A 2N7
(403) 873-8744

N.W.T.

Headquarters

2nd Floor Laing Building
Economi ¢ Devel opnent

& Tourism G.N.W.T.
Yellowknife, N.W.T.

X1A 2LS

(403) 873-7381

Nort hwest Territories Training Strategy

& Immigration Canada

of Educati on 979-5236
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7.

Training On-The-Job

Contac ts - Superintendent of Education 979-5236

Enpl oynent
Depart nent
Yel | owkni f e,

and Apprenticeship Program
of Education
N, W.T.

(403) 873-7552

Renewabl e Resource Business

Assi stance Program - Schedule D
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INTRODUCTION

The obj ective of the anal ysis presented in this study is to determine
which of the eight greenhouse options identified in the “Engineering
Design, Capital and Operating Cost Estimates” study is the nost feasible.
Based on the initial. analysis of the eight options, the best option is
further analyzed to deternmine the | evel of government assistance necessary
to make this option a viable commercial undertaking.

OPTIONS EVALUATION

Projected income Statenents and cash flow statenents for eight years have
been cal cul ated for each of the eight greenhouse options (see Appendix A).
The following assunptions were used in preparing these statenents:

1) 100% financing by |ong term debt

2) Capital financed at 12% per annum compounded sem annually

3) Revenue and expenses as provided in the ‘Engineering Design, Capital
and Operating Estimates” study for year 1; for each year after, these
estimates were increased 5%

4) Capital costs as provided in the "Engineering resign, Capital and
Operating Estimates” study

Table 1 provides a Summary Of the cash f low totals at the end of eight
years for each of the options. As shown in the table, none of the options

provi des a positive cash flow. Option 7 ( 10,000 ft2 greenhouse, with wote 7
heat recovery, 12 nonth lettuce growi ng season, and 8 nonth
tematoe/cucunber growi ng season) is the best.
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TABLE 1 : PROJECTED CASH FLOW TOTAL FOR THE FI RST 8 YEARS

Descri ption Cash Deficit

Option 7 (10,000 ft2, waste heat recovery,
12 nonths lettuce, 8 nonth tomatoes/cucumbers) ( $538,986. 00)

Option 3 (7,500 ft2, waste heat recovery,
12 nmonths lettuce, 8 nonths tomatoes/cucumbers) ($661 , 634.00)

Option 5 (10,000 ft2z, waste heat recovery,
8 nonths lettuce, tomatoes and cucunbers) ($668, 389 .00)

Option 8 ( 10,000 ft2, no waste heat recovery,
12 nonths lettuce, 8 nonths tomatoes/cucunmbers) ( $725,003. 00)

Option 6 ( 10,000 ft2, no waste heat recovery,
8 months | ettuce, tonatoes and cucumbers) {$733 , 019 .00)

Option 4 (7,500 ft:, no waste heat recovery,
12 nonths lettuce, 8 nonths tomatoes/cucumbers) ( $741 ,652.00)

Option 2(7,500ft?, no waste heat recovery,
8 months lettuce, tomat oes and cucumbers) ( $746,428 .00)

Option 1 (7,500 ftz, waste heat recovery,
8 months lettuce, tomatoes and cucumbers) ( $752, 444 .00)

FUNDING REQUIREMENTS

In order to make option 7 a viable undertaking for an entrepreneur, a sig-
nif icant grant would be necessary. On the direction of the project
management, threefi nanci ng opti ons were devel oped that would result in a
positive cash flow after eight years of operation.

Detailed pro j ected income statenents, cash f |ow statements, balance sheets
for the follow ng thresz options are provided in Appendi x B. Based on the
same assunption= as |isted above under options evaluation, the follow ng
three financing options would result in a positive cash flow.




Option A *Sharehol der Loan $200, 000. 00
Government Grant $300,000.00
Long Term Debt $100, 300. 00
ption B *Sharehol der Loan 0.00
Governnent G ant $320, 000. 00
Long Term Debt $220, 300. 00
Option C *Shareholder Loan $100,000.00
Government Grant $340, 000. 00
Long Term Debt $160, 300. 00

Table 2 provides a summary of the project cash flow of these three options
for an eight year period.

TABLE 2: PRQIJECTED CASH FLOW FOR El GHT YEARS
Year Cl osi ng Cash
Option A Option B option C

1 ($2,853 .00 ) ($2 ,037. 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 ($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 $7,426.00
8 $2,987.00 $6, 254. 00 $9, 421. 00

¥ No specific terms for repaynent, rate at 12% compounded seniannual ly.
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IQALUIT GREENHOUSE

CGCENERAL APPRCOACH
In conpiling these projections, there were 2general questions. First,
which of the eight options was the most feasible, and second, what level of
government assistance would be necessary to make the best alternative as
determined above economically feasible.

To answer the first question, we prepared cash flow projections for 8 years

inder each option identified by the project engineers. It was assuned for
~his that all the required capital would be financed at 12 ‘% per annum
conpounded sem -annual ly. 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 Dbest option and
determ ni ng what | evel of government funding would be required to provide a
>reak even cash flow after eight years. The projected financial statenents
ire prepared based on this determ nation.

Inherent in the above is that the potential investor requiresal2 % return
n his investnent (conpounded sem -annually) over an eight year period.
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P.O Box 727

MacKay Bulding

4910 - 50th Street
Chartered Yellowkmfe N W T X1A 285
ACCULU][&I][b Telephone (1) (4031 920-4404

NOTICE TO READER

We havecomp i 1 ed the accompanying operating project i ons,saurc e

and ap,li cati anof «cash flow and balance sheets for thef ir st eight
years of operations 2 f IgaluitGreenhousefrom i n formation supp 1 i ed ta
us. The principal assumptions and est i mat es, whiz h were made by p r 2 ject

man agement and waonwhichtheprojectedfinanc i a 1 statements are based,
aresetforthintheassumptionstatheprojeczted fimnanz i al statements.
Inordertscompilethe seprajectedfinancial stat ements, we made a
review which indicates t hat the pm. jectedfinanc i al statements have
been =omp i 1 ed on the basis o f the assumptions and esti matesreferredtano
above. Inasmuch as the projected financial statements and the
as sump t i ons and est i mates r e 1 at e t © the future and may be affected by

un for eseen events, we canexpressnhoopinion ontheprojectedfinancial
statemen ts or ocnhowe 1 wse 1y they will correspond  with the actual
resu 1 ts, ar on the assumptions =N which they are based. N

rep r esentat i on may be made or imp 1 i edt hat wet ake any responsibility
fortheac-uracyaftheprojectedfi nancial sta ements

Wkt forp s

Yell owkni f e, Noart hwest Terr i t ari esS THARTERED ACCOUNTANTS
Sept ember 20, 1988

Ye¢ jowknifes Ranhinintet/Igalu it / Edmonton / Vancouver /Penticton/Kelowna/ wh itehorse
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NOT ICE TO READER

We have «compiledthe azcompanying operating projecti ons , source
and applicatimn of w<ash flow and balan:z e sheets for the f i r st eight
years ofoperations of| galuitGreenhouse frominformationsupp Lied to
us. The principal assumptions and est i mates, whichwere made b y p raojec t

man agement and upon whic h the priojezted financ i al statements are based,
ar e set farth i n the as sump t i onstatheprojected financ i al statements.
Inordertocompilethesepro jected T i nan i al stat ements, we made a
revi ew which indicates that the pr »jected financ i al statements have
been -omp i 1 ed on the basis @ fth e assump t ions and est 1 mat esreferredto
ab ove. Inasmuch as the projeszted financial statements and the
assumptions and est i mat es r el ate t o the future and may be affected by
un for eseen events, we canexpressnoopiniaon on the projectedfinanci al
stat em en ts oronhowc 1l osely they wi 11 tarrespond  with the actual
r esul ts, or on the assumptions <N which they are based. Nz
represent at i @=n may be made or imp liedt hatwe take any responsibility
fortheaccuracyoftheprojected f | nanz i al stat ements.
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OPERATING PROJECTIONS
(Unaudited - See Notice to Reader)

FOR THE FIRST EIGHT YEARS

OPTION A



Option A

TQALUIT GREENHOUSE

PROJECTED INCOME
FOR THE FIRST § YEARS
(Unaudited - See Notice To Reader)
OPTION: 7
[0,000 SQ. FT. — WITH HEAT EXCHANGE ERUIPMENT 12 MONTH SEASON

YEAR1 YEAR 2 YEAR 3 YEAR 4 YEAR § YEAR 6 YEAR 7 YEAR 8

REVENUE
Lettuce $89,440 $93,912 $98,608 $103,338 %108,715 $114,151 $119,859 $125,852
Tosato 34,240 33,992 37,750 39,638 41,620 43,701 45,886 48,180
Cucusber 14,900 13,643 16,427 17, 248 18,110 19,016 19,967 20,965
138,580 145,509 152,785 160, 424 168,445 176,868 185,712 194,997
Cost of sal es
Nages and benefits 69,000 72,450 76,073 79, 877 83,871 88,065 92,468 97,091
6roving supplies 3,540 3,717 3,903 4,098 4,303 4,518 4,744 4,981
72,540 76,167 79,976 83,975 08,174 92,583 97,212 102,072
Gross margin 66,040 69,342 72,809 76, 449 80,271 84,285 88,500 92,925
EXPENSES
Electricity 33,400 35,070 36,824 38, 665 40,598 42,628 44,759 46,997
Nater 1,825 1,916 2,012 2,113 2,219 2,330 2,447 2,569
QOil 0 0 0 0 0 0 0 0
Repairs and maintenance 2,900 3,045 3,197 3,357 3,525 3,701 3,886 4,080
Niscallaneous 1,200 1,260 1,323 1,389 1,438 1,531 1,608 1,688
Property taxes 3,500 3,675 3,859 4,052 4,255 4,468 4,691 4,926
Professional fees 1,000 1,050 1,103 1,158 1,216 1,217 1,341 1,408
Insurance 3,500 3,675 3,859 4,052 4,255 4,468 4,691 4,926
Office 1,000 “1,050 1,103 1,158 1,216 1,217 1,341 1,408
Telephone 1,200 1,260 1,323 1,389 1,458 1,531 1,608 1,688
interest on L7 11,200 10,313 9,194 7,937 6,524 4,936 3,153 1,148
Anortization of gramt (16,687) (15,515) (14,470) (13,529) (12,681) (11,909) (11,203) (10,555)
Depreciation 33,390 31,046 28,953 21,073 25,374 23,830 2,47 21,119
77,428 77,845 78,280 18,814 79,417 80,068 80,739 81, 402
INCONE BEFORE TAXES (11,388) (8,503) G471 (2,365) 854 4,217 7,761 11,523
INCOME TAXES @ 251 0 0 0 0 0 0 0 0
NET INCONE ($11,388)  ($8,503)  (%5,471)  ($2,365) $854 $4,217 $7,760  $11,523
NET INCONE ($11,388)  ($8,503)  (45,471)  ($2,369) 3854 $4,217 $7,761  S11,523
Depreciation 33,390 31,046 28,933 27,073 25,374 23,830 2,417 21,119
Asortization (166871 (15515  (14,470)  (13,529)  (12,681)  (11,909)  (11,203)  (10,555)
C.C.A. (36,6201 (28,097)  (19,691)  (15,116)  (12,490)  (10,873) (9,787) (8,989)

TAXABLE INCONE - ($31,314)  (520,069)  ($10,679)  ($3,937) $1,0s7 5,265 $9,180  $13,000




Option A

TQALUIT GREENHOUSE

PROJECTED CASH FLOW
FOR THE FIRST B YEARS
(Unaudited - See Hotice To Reader)

TION: 7
« .0,000 5Q. FT. - RITHHEAT EXCHANGE EQUIPNENT 12 HONTH SEASON

Year 1 Year 2 Year 3 Year ¢ Year 5 Year 6 Year 1 Year 8
Net Income ($11,388)  ($8,503)  ($5,471) ($2,365) $854 $4,217 $7,761 $11,523
Amortization (16,687) (15,515) (14,470) (13,529) (12,681) (11,909) (11,203) (10, 555)
Depreciation 33,390 31,046 28,953 27,073 25,374 23,830 22,417 21,119
LM principle (8,168) (9,055) (10, 174) (11,431) (12,844) (14,432) (16,215) (17,981)
fros Operations (2,853) (2,027) (1,1621 (252) 703 1,706 2,760 4,106
Opening tash 0 (2,853) (4,880) (6,042) (6,294) (s,591) (3,885) (1,125)

Closing cash ($2,853) ($4,880) ($6,042) ($6,294) (45,391) (93,8851 ($1,125) $2,981

=ss====s memmmms- - ——— LTy
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OPTION: 7

10,000SQ. FT. = WITH HEAT EXCHANGE EQUIPMENT 12 MONTH SEASON

CURRENT
Cash

FIXED
cost

IGALUIT GREENHQUSE

PROJECTED BALANCE SHEET

ASAT YEAR END

(Unaudited -See Notice To Reader)

ASSETS

Accumulated depreciation

SHAREHOLDERS  LOAN

GOVERNMENT ASSISTANCE

LONG TERM DEBT

RETAINED EARNINGS

LIABILITIES & EQUITY

YEAR 1 YEAR2  YEAR 3 YEAR 4 YEARS
(62,853)  ($4,880)  ($6,042)  ($6,204)  ($5,591)
600,300 600, 300 600, 300 600,200 600,300
(33,390)  (64,436)  (93,389)  (120,462)

566,910 535,864 506,911 479,830 454,464
$564,037  $530,984  $500,860  $473,544  $448,873
$200,000  $200,000  $200,000  $200,000  $200,000

283,313 267,798 253,328 239,799 227,118

92,132 83,077 72,903 61,472 48,628

(11,388)  (19,801) (25,362  (27,721)  (26,873)
$564,057  $530,084  $500,069  $473,544  $448,873

YEAR 6

($3,885)

600,300

(145,836) (169,666)

$200,000
215,209
34,196

(22,656)

Option A

YEAR 7 YEAR 8
($1,125)  $2,981
600,300 600,300
(192,083)  (213,202)
408,217 387,098
$407,092  $390,079
$200,000  $200,000
204,006 193,451
17,981 0
(14,80)  (3,372)
$407,002  $390,079




[BALUIT SREENHOUSE

PROJECTED DEPRECIATION
FOR THE FIRST § YEARS

(Unaudited -See Notice To Reader)

"PTION: 7

10,000SQ. FT. - VITH HEAT EXCHANGE EQUIPMENT 12 MONTH SEASON

cost

~CCOUNTING T
Equipment $22,500
Buildings 458,800
481,300

feat exchange 119,000

$600,300

TAX (C.C.A))
i Egquipaent $11,256
, Buildings 229,518
, 240,771

'Heat exchange 59,529

{OVERKNENT ASSISTANCE

Equipment $11,244
Buildings 229,285
240,529

Heat exchange 59,471

Rate

201
)

b1

201
b}

50Z

201

51

St

Year 1

Option A

Year 2 Year 3 Year 4 Year 5 Year 6 Year ! Year 8

;;;;;; $3,600 $2,880 $2,304 $1,843 ;1?2;; $1,180 $944
22,940 21,793 20,703 19,668 18,685 17,751 16,863 16,020
27,440 25,393 23,583 21,972 20,520 19,226 18,043 16,964
5,950 5,653 5,370 5,101 4,846 4,604 4,374 4,155
$33,39  $31,046  $20,953 $27,073 $25,374 éQEEiQS $22,417  $21,119
$1,126 $2,026 $1,621 $1,297 $1,037 $830 $664 $531
5,738 11,189 10,629 10,098 9,593 9,113 8,658 8,225
6,864 13,215 'lEﬁEQB 11,395 10,630 9,943 9,322 --;:;;;
29,765 14,882 T4 3Tl 1,860 930 465 233
$36,629 $28,007  $19,601 $15, 116 $12,490 $i0,873 $9,787 $8,989
$2,249 $1,799 $1,439 $1,151 S92t $137 $590 $472
11,464 10,891 10,347 9,80 9338 B 847 8,006
13,713 12,690 11,786 10,980 10,259 ";fééé 9,017 8,478
2974 2,825 2,684 2,549 2,422 2,301 2,186 2,0n
;;;:;;; $15,515  $14,470  $13,529  $12,681 $11,203 él&:;;;

$11,909




Option A

LOAN AMORTIZATION SCHEDULE Ozt 11, 198a
Borro wer (IQALUIT GREENHOUSE Description :LOAN
snder :
rincipal: 100300.00  Faymen t : 1614.00 payable every 1 month (s)
Inter est rate : 1:. 0000 Compounded ever y 6 monthis)

tar t : 1'3a5\03Jo 1 1st : 1'3a’3/0s/28 Last : 1'3'37/0'2/'28 Maturity :1337/02/28

Date Inter est Frincipal Balance
1. Mar 28 1383 8€8.38 745,62 ‘393554 . 7/8
2. Apr 281 3873 '371. 53 642.47 98'311 . 32
2. May 28 1389 9€5.2 6d4a. 74 38262.18
4. Jun 28 1389 958 92 655.07 97(508. 11
S Jul 28 1383 3952 .54 661.46 IEI4E . €4
€. Aug 2a 13987 94€ .08 667.92 96278.72
7. Sep 28 1383 939.56 674.44 95 04,23
8 . DOzt 28 1989 932.98 681.02 24323 .27
9 Nov 28 13893 92€.34 687.66 94235.51
10. Dec 28 19893 91'3. €3 694.37 93541.24
11. Jan 2a 1990 1312.95 701.15 92840.03
1%, Feb Z8 1330 9()15 . ()1 707.39 92132.09

Sub T=t al 112> . 03 81157.91
13. Mar 28 133() 833. 10 714. 90 314 17. 19
14. Apr 28 1990 8$32.12 721.88 ‘306'35 .31
15. May 28 133> 885.08 72a. 92 BI96E6 .39
16. Jun 28 1930 877.96 736.04 83230.35
17. Jul 28 1333 870.78 743.22 88487 .13
18. Aug 28 1330 863.53 750.47 87736.66
19. Sep =8 13390 856.20 737. 80 86378 .86
20. 0ct 28 193() 848. 81 765.19 a6212 .67
21. Nov 28 1930 841.24 772..66 85441.02
22. Dec 28 1373() 833.80 78(2). 20 846150.82
22. Jan 28 13731 82&.19 7a7. 81 3873 .00
24. Feb 28 133l a 18. S0 755. S0 83077.50

Sub Tot al 1(3312. 41 I054.59
25. Mar 28 1'3'31 a10.74 803.2 8227424
26€. Apr 28 1391 802. 90 - 811.10 B81463.14¢
27. May 28 1'3'31 7'34. 98 819.02 80644.12
28. Jun 281 '391 786€.99 827.01 79817.11
29. Jul 28 1391 77a. 92 835.08 78’382 .03
30. Aug 28 1991 770.77 843.23 78138. 80
31.Sep28 1 '391 762.54 851.46 77287.34
2. 0Ozt 28 1931 754. 23 859.77 76427.57
233 Nov 28 1991 745.84 8.58.16 75553.41

24. Dec 28 1931 727.37 876.63 74682.78




Bor vy ower
.ender :
‘rinciopal:

Interest rate

IGALUIT GREENHOUSE

LOAN AMORTIZATION SCHEDULE

Start:1383/03/ 01

Date
25. Jan I8 1992
3€. Feb 28 139392

Sub Tat al
27. Mar 281332
38. Apr 28 133z
29. May 281932
40. Jun 28 1992
41. Jul 28 1932
42. Aug Z8 1392
432, Sep 28 1932
44. 0c t 28 195392
45. Nov 28 1332
46. Dec 281932
47. Jan 2813993
40. Feb 28 1393

Sub Total
49. Mar 28 1333
SO. Apr 28 1333
S1. May 2813933
52 Jun 28 1393
3 Jul 28 1333
S4. Aug 28 1333
55. Sep 28 1333
S6. 0zt 28 1393
57 . NovZ8i1933
58. Dec “28 1933
S53. Jan 281934
€0. Feb 28 1334

61.
62.
63.
6 4 .

6 5.

Sub Total

Mar 28 1'394
Apr28 19914
May 28 1994
Jun 28 1994
Jul 28 1394

1 00Z00. 0C  FPayment :
2, 0000 Compounded every
1st 154854 /0O3/Z28 Last
Inter est Frincipal
728.81 885. 13
720.18 892.82
‘3194, 26 10173.74
711.45 902 .55
702.€E3 911.25
€33 .75 20.25
684.77 923.22
675. 70 938.320
666.55 947 .45
€57 .30 356 . 70
E47.3¢ ‘366. O3
638.54 '375 . 46
€23.0% 984. '38
El13 .40 ‘3'34 .60
ED0T.70 1004 .30
793€.79 11431.21
333.30 1014.10
530,00 1024.00
580.01 1032 .99
SE3.92 1044.08
583 .73 1054.27
S99 .44 1064.56
S5329.03 1074. '35
528.55 1085.44
S17.97 109.5.02
S07.427 1106.72
436 .47 1117.53
485.57 *“ 1128.43
63522.83 12844.11
474.56 1139.44
463.44 1150.56
52 .21 1161. 793
449 .87 1173.13
425.42 1184.58

Description :LOAN

Option A

1614,00 payable every

&€mont h (s)

: 1'3'37/(:)~1~8

Bal an: e
73737.53
72303 .

72001.22
71 083 .86
7(j115'3 @ 62
6'3240. 39
68302. 09
67254.64
£6337.'34
615431 . '30
64456.44
63471.45
62476.86
61472. S&

15(3458 e 45
55434. 4¢
58400.47
57256.28
56202.11
55237 95
S41E62.61
5207717
51981.14
50874 41
4’3756 .88
48628.45

47489. 00O
46338. 44
45176.65
44003.52
42818. 34

Maturity

Oct 11, 1388

I month(s)

$1337/02/28



Option A

LOAN AMORTIZATION SCHEDULE Ot 11, 13883
arrower AL ALUIT IX? REENHOUSE Description :L0AN
2nder : ;
incipal: CR10)20)¢) 00 Payment: 1614.00 payable every 1 month(s)
1terest rate : 12.0000 Compounded every 6 mont h (s)

cart - 12f33/03/01 1St 11989/03/28 Last = :13397/02/28 Maturity : 1'3'37/02/28

Date Inter est Frincipal Balance
36. Aug 28 1394 417.86 11:36 .14 4 122 80
37. Sep 2B 1334 406. 19 1207.81 40414. “3"3
38.0- t 28 1334 334.40 121“3.€0 33 195. 39
39. Nov 28 1994 382 . 50 1231.50 37963. 83
70. De-28 1'3'34 370.48 1243.52 36720.37
71. Jan 28 19395 358. 35 1255.€5 25464, 72
72. Feb 28 133% S46. 09 1267.431 24136 81

Sub Tontal 4936.36 14431.64
73. Mar 281935 333.72 1280 .28 3231 6€.53
7 4. Apr 281335 221-23 12'32 @ 77 31623 .75
75. May 2819335 308 .61 1305 .35 3(3318. 36
76 . Jun 28 193% 2'35 .87 1216.13 23000, 24
77. Jul 28 1935 282.01 132(], 9'3 27EE3 .24
7 8. Aug 28 1335 270. 02 1243.98 26325.26
73. Sep 281 935 256.90 1357.10 24368 - 16
80. Dct 28 1995 242.66 1370,34 23597 .82
81. Nov 28 1995 230.29 1383.71 22214. 11
8 2. Dec 281995 216 .78 13'37. 22 20816. 89
83. Jan 281996 203.15 1410.85 13406 .04
84. Feb28 19136 189.38 1424. €2 17981.42

Sub Tt al 3152.61 16215. 39
85. Mar =8 1336 175.48 14328 .52 16542. 390
86. Apr 28 139 161.44 145~. sg 150’30 .24
87. May 28 139EI 147.26 1466.74 132623 .€0
88 . Jun 28 1336 32.95 1481.05 12142.55
83 . Jul 28 1336 118. S0 14’35 .50 10647 .05
90. Aug 28 1336 102.30 1510.10 9126.'35
91. Sep 28 1336 83. 17 - 15224.83 7612.11
2. Ozt 28 1336 74. 23 153"3 .71 6072.40
921. Nov 28 1336 59.26 1554.74 4517.66
94 . Dec 28 1336 44. 03 1569.'31 2'347. 74
95. Jan 28 1997 28.77 1585.23 1362.51
'36. Feb 28 1337 12.30 1600.70 -238.13

Sub Tot al 1148.39 18219.61




[ETEIE R ,-n-_—v. roQe
lu®aset SMITASLLIT

Fc“ vtv‘ﬂ.'ﬂ Y“'")‘E

e -l

ne YUE f't"“ C V’:'

pam

YELR ¢ HEU YEAR 3 yELS
o \"lc
' . [ 43 b E’ e dslal na T XN
geff.xé o0 327,712 $60,682 $62,715
LY LYY Ac acA " 14 ” an
Tsaata 37,238 35,22 37,750 39,628
' ' 1 ’
-0 - Ql AN +c 1C Ll 1 ~a
Cucuaber ,?vu Au,s*u 15,*&7 7,. 43
~ A A, ~
104,180 109,389 104,557 120,602
- P
Cost of sales
ax gm cafibs 47 Ac a A AR
w523 3nd Yenafits 5,000 47,250 43,613 32,58
3 ' ' ’
inp = P a a1 i A
Arowing sugplies e,HOS 3,470 3,644 3,0
48 2nc en TAN cn AcY £T 3~
Yy dve widpiev ey udy dail
PR - e Ave € b 2y A 1 -
Briss aargin 23,873 53,682 £!,602 64,882
Tyeeyscs
3
T yolglag . LY ‘A AAA ‘e s¢r . ang
Elazis ...tj Py tuy Av,g.v u,’.&u iaytal
-b - S AL 4 £AA 4 1 L] €N
uat:’ :,Z“»'“ Ly GGY A,?-:.:'? .,Su.
; AN £AA ~ [ nA A ns Are
2! 9,85 ol 0ed 32,634 34,285
mrlas= =m -l - A e A rAC LI 114 A pod
EE*:.:: ind asintenance .,u»g L,E.g L'7v: ¢,S‘~
R R -y - ] A 4 1 1 AN ¢ cn
¥iszallaneous L,Q!.“ .,9..9 Gy apee3
PR PO " e A e c aca
Pfu-,':.':/ taizs gy 0 u,E:u 3, ..? yide
- -t - . -t AN ¢ oegm
Profassional fess 1,000 15 DK A
| S, A gpn ~e 2 ge: 1 aEn
JAsUranc? u,SCJ 3,614 4,8J3 YD
i ) an aAnr
fHice gen 240 g2 E
- " 11 1 .C
TE{E"?"}H 1,0-40 :,050 1,5!}-.'1 Y
Y LI i < LIRS
interast on L7 33,74 -49, 488 4,108 22
Asortizatizn of grant U] ¢ 0 0
C b - .
Depreciaticn 7,44 25,393 23,532 21,972
} ' ' '
L) (o) 1aQ 17
126,084 132,526 128,27
- ~ o] 1~ Eal -0 Y c
INCIME DEFURE TAXES (30,.9 ) (73,8:7) (€€, 525 {sg,929)
~ " - A
INCCME TAYES @ 297 0 0 ¢ )

sss 02
', EN

19

19,. lv
4n L3
126,622

$70,247
43,700

19,0:8

4,699 57,43
4,007 4,28

67,116
A L4
12,651

q4c
{48
ae av
25,972
2 an
Vel
f el
lgees
“CC
PN
¢ A
apaes
ACT
josa
AvA
1.

(50,642)

NET INITOHE (482,209 (873,70} {825,324

(450, 642)

Lok SR
Poant

=4

s73,7se

[ e

o = 03 AD > ]
frpal gt

0

-

- 0.3 < LFY (3 LFV L ) Ky ae

HETRR Y™ IS " & I <o B A &% )

L B Y]
KD g e 1D e bee em pea re ey fe m ]

€A +a s

—
-

18,043

PO L Y v ]
e
D L3 €O LY sy

(X4

( A AQAN
et Naas




ATy,

nopan €2, FT
Sy h

MED

11"ﬂ
Wl L’

_TD PRINCIPAL
LTD INTEREST

4R 41

CAPITAL
BUILDING
HEAT EXTHANGE

Tyco caut
Gnd:g ' Pu-

.
LoeT:

ﬂchRuv: ~9

PNy LTS
1Ape vCoy aCQ
PRSH THR e by SPS o]

Qoumvn T 4 ovnr
Tedfmdel 2T <Al
[P S SO
~3evals

L Y

.1Ratd

S B

1 DRSYT -

Wages and ben
Sroving suppl

and #
anasus
y taxe

- rd o

TAL tr™ ameme
sdflew. .

nes

sRIINRQLES

- WITH UEAT SYTUANGD SQUIPMENT I ONTH SEASCN
(3]
B}
YEsR YEAR 2 YEAR 2 YEAR 4 YoaR S YEAR S vie ? YzaR 3
48,300 54,208 £9,308 68,437 76,825 8E, 400 ERE 187,472
7,082 81,72 33,024 47,475 39,636 29,522 15,8 £,254
11€,932 115,932 15,922 115,932 115, 115,92 115,932 114,226

432,800

“C—n _ye

e



AT oA,
wosadtte

AN
13,200 %8 an

- e oL

REVEME
Labtune
eii3~6

P ol
Prsit--14

[oy)

EXPINSES

Yarbeioiby

SiBITiy

Natar

[
dis

<
L3
1
Y am
PR RPN
Interest an LTD
Amortization of grant
Tepreciation

INCOME BEFCRE TAXES

INCOME TAXES @ 2

NET INE2¥ET

AcAarTATTa ruSNANT

v

dm oy e lowiim

yrane
3 VLAl
e Teo Ra-d=r?
ERRDENY-F -3¢

fAUTH COACTY
-

!
ot --ﬂ_bl

14 ¢C1e
etyidi

43,701
1,916

$119,853 8125852
45,886 48,180
19,967 20,%S
195,712 14,377
£0,30¢ £3,72

4,744 $,38¢
65,050 £3,702
129 tAp zac

DN Y

$89,440 833,912 $35,203 153,538 803, 7i s
34,240 25,952 3,7 39,638 44,62
14,900 15,54¢ 16,127 17,242 rotea

135,530 145, S0 1S5,7BS L6044 i£3, 445
£,000 47,250 43,83 €2,09:

2,54 3,747 3,502 4,098

4,540 50,97 52,516 56,192

20,040 94,541 95,25 W41 e

a0 35,070 5,32¢ 3B5E5 4,522
428 1,916 2,90 3,112 2,216
3 ¢ 5 5 8
2,300 3,045 3,197 7,37 3,528
4,280 1,260 220 ,389 Wi
3,500 3,675 3,362 $,052 1,05
,000 L 088 162 4,48 1,20
2500 1,675 7,262 4,052 £,258
1,200 1,05 1,00 48 12
1,288 1,260 1,22 1,389 45
§7,022 - 61,724 5,004 740 19,03
0 0 ¢ 5 2
22,39 3,046 25,350 M0 5,

———————

144 771

(32,229

( an ﬂ!'\
wagdber

l'\ [fals]
A' 4"

-,
-

[ 2%

3

<>

dn o2 Ju e o3
-
T O A ]

13,908

(27,669)

124, & {

15,573

(1,657)

(8¢, £57)

-~
2 A
-4
Y-

£ LN

T T ]
- T -

LI KN oY Q3 s
€y

o > e

<re
Ly

L)
. s 00

—
€O+ v

- o e ™ e

W oy LI

n <> 4w R
3 €O - o2

107,642

4

-
[ )
4

oy 1D
vl

wn

Ea bas AV

1= =& g

3 <>
0
5 o

w3 F M Lrd

e
SIS I AT IR T =

LN - eea
-~

113 7Y an AU
o <> 3

wn
@

13,020

Su, pry

An AAA
59, Uik




LA KRS i -unn ne
TIALULT GRETNHIURD

th?rn A Y ALY
PEOJETTID LATE Pl

£00 THE TIRST 8 YEARS
aditzd - S22 Notize To feader!

ymu,

CP,IH“- .
; - s W «r mypAyLune Tart PUT (A WANTY AT LEAY
:O,)CC :1. . o Uf% p .Anh'ﬁ Cay YE’CN. po s nqﬂ(ﬁ .-ns ki

Yaar | Yaar 2 Yzar 3
Net Incoas ($5,207)  ($50,22%) (833,210
Amortizaticn 0 0 0
uepr=uza.i:: 33,3%0 31,048 28,323
LTD princi;is {48, 06! (44,23,) {£2,%08

(SCE LY i

buwipavs s

0

25,374
(76,89}

5. ey

A’\J-I

0

22,320

(36, 400)

22,417

A
ey

d

o owaD
=

=
3 v
PR

{1

(675, 4 (873,290

Oponing c:zn 0 LR
Clasing c3zh ($75,417) (8142,800)

($71,268}

snan AT

.&l'll’l

bl -2 Sl £» Lot
($285, 7258

($64,227)

race TaLY
\uuw,l sult

(420,023}

£420,022}

(457,220




TALUIT SREZNMOUSE
. my -
VAR IAELES
LR TILE] ki o= T
Ungecited - 322 Nabilz Tr Readar?
aweny, A
C? 14 T
A AAan AR -~ HewsURLIY UEAT YAl u-— rAyr LY Y me AR,
3,000 T0, 7T, - RITHIUT UDAT EYCHANZZ COUIPNENT {2 YONTH IIAITN
e g weay c-
PO e, QR Ja
%) ran A a A o0 L) - 4
YERZ ! VEAR 2 YEAR 3 YEAR 4 YeaR g ves? 2 YzAR T YEAR 3
t YR AR? Ag-EV} a A " [} n c al] e fo2e i
LYY ORINCIPAL 39,208 42,464 43,837 54,973 BL,ESS £9,27E 77,828 86,142
- e e ” 4 “ec " hd a4 N an 22 ”
LTD INTERES: 3,74 49,482 24,108 26,079 W 22,578 15,114 3,492
A acA ca A Qe A Qe A fnea A Q€A A QEn (XL
1,950 92,9 32,52 2,962 2,950 92,952 92,982 94,54

FAPYTA‘ G”T:
RUTLDT

yEAT ‘X'HA%E’

n?H ? :Hn-\ur

REVENUE % EXPE

Wages and  hen
Sroving suppl

Electricity
Water

2l

Razairs and 2
Miscellanesus
Property taxe
Profassional
Insurance
Ftt -a

Uetenl

Teleghona

NEES - VI

«“n
<>
~>

>

[ 2 N
Der ]

$3 <> LN D

I D KD >
<>

e )



MTXIUAE S“PFV‘

e

XL 2d

FROJECTED I“f?‘:

e OTHE resgT

Tarai

g - Das -
nauditel - Ses Nu:
"EY'ﬂU. 3
. AA mA me pesyAnT OEAT SYALANAT TAIY Y e n ynv? F—A~Hp
0,007 2T, 7T, - WITHOUT HEAT TXCHANGD ZIUTPMEN L LI

gEvENyIE
wetisse $89, 440
Tiaais 34,23¢
fucuabar 14,900

Cost of salss
Wages and benefits

Graying suppiiss 3,340
48,245
rofs EsTgin 96,040

agtricity 27,38
dater 1,822
0il 44,E00
Repairs and saintenancs 2,902
Miscailaneous 1,200
Property taxas 3,50
frofessional fees 1,200
Insurance 3,500
Cffice 1,003
Talanhane 1,200
Intarest 2a LT 53,744
Agortizabion of grant ]
Depraciation 77,440

Tyen Conas Tiyon
L.uJHE ati 4l iAAu-

NET INCOME

(]
[5>]
~

-
Y v 3

+n
D OV -
oA e

LA~ O fm 13 va =1

L < N S
D oAn v LN

- -
fa T3 AL> LTV

©3
[<5]

[ B |
o Ln

o
<>

W) e e €D e L) e

$39, 608
37,750

IE ﬂb?

A8 Eag
s.i.,-au

ag 2a
\-S' J&e

1% Aan
al s

$108,7.8

40 gAp

$ipsil

qs'qca

§114,05

In A

Sl

119, 855
4%,98¢%

19,367

1A -~
135,88

48, 130
21& %

192, 785 160,424 168,445 175,968 185,712 14, 17
$9,613 52,09 54,693 57,434 £9,308 3,3
3207 4 0% 1,203 $,513 4,744 $,98¢
$3,516 56,132 59,002 LI 5,000 68,202
39 253 1A4 AnA 109,449 te Q4L 120 £E°2 126,69¢
HESD UMy ade AV NS divwp Lt ik Rel-TS LBy ude
5,389 31,32 33,427 35,098 36, 32 38,53
3,08 2,143 2,213 i 2,847 2,383
9,172 EHEIN 4,212 og,324 59,770 £2,729
3,197 3,397 3,52 3,70 2,88 4,080
1,222 1,383 1,458 5 1,608 1,68
3,99 4,082 4,282 3,468 4,89 4,922
1,103 i 1,216 1,277 348 1,408
3,85 4,09 4,255 4,468 4,631 492
LM 1,128 1,216 1,27 1,4 1,408
1,3 {399 1,455 1,528 1,562 WEE
@408 |TT 30T g 15, i14 5,493
1) M-Fa - ipead T3 , 23

¢ 0 0 ) 0 ¢
23,383 4,972 20,528 92 18,043 16,964

(8¢, 699)

(857,253}

(49,5624)

($49, 824

140,590

($49,591)

(30,731)




[QALUIT sEENHOuCE

PROJINTII TARE LW
TOR THT TIRIT 8 VEASS
{ngidited - Sge Notizz To feidesd
UTAT DYOHANAT STUTININT L1 oMINTV SZASTN
Year | Year 2 Year 3 Year 4 f23r 3 Year & Year 7 Yaar 2

($72,269)  {$72,975)  ($€5,699) ($57,333) (349,847 (340,390 (820,731) (813,210
0 0 9 0 v 0 0 0

26,797 22,59 1,90 2,88 19,2 18,043

i)t Sdpdav - ‘im -l e Jyha 1‘ Q;,g_
! H 2 1 ? TR
(23,208 143,454) (42,337)  (%4,873)  (BL,EET: (£%,276) (77,838) (36, 14%:

($91,137)  ($91,046)  ($30,953)  ($30,854)  (820,7311  ($30,841)  (390,326) (382,09

<>

1,037 (182,133) (73,1350 (53,990 (454,74D)  (545,33) (625, M

03.24°7E ($182,183) ($273,136) ($3£2,930) ($434,741}  ($545,392) ($625,90S) (4725502




IL! ALUIT SREENHOUSE

OFERATING FPROJECTIONS
<Unaudited - See Notice toReader)

FOR THE FIRST EIGHT YEARS

OFTION B



PROJECTED QPENING BALANCE SHEET
(Unaudited - See NoticeTo Reader)

FIXED
Equipaent
Bui I di ngs

[BALUIT GREENHOUSE

ASSETS

Heat exchange equipaent

SHAREHOLDER  LOAN
GOVERNMENT RANT

LONS TERM DEBT

LIABILITIES & EQUITY

$22,500
458, 800
119,000

$600, 300

- ——

$0
380, 000
220, 300

$600, 300

Option B



JE—

IRALUTT GREENHOUSE

PROJECTED INCONE
FOR THE FIRST 8 YEARS
{Unaudited - See Notice Te Reader)
OPTION: 7
10,000 S@. FT. ~WITH HEAT ™ EXCHANGE EQUIPMENT TZRURTH SEASUR

Option B

YEAR 1 YEAR 2 YEAR 3 YEAR ¢4 YEAR § YEAR & YEAR 7 YEAR 8

REVENUE
Lettuce $89,440 $93,912 $98,608  %103,538 $108,715  $114,15!  $119,859  $125,852
Toaato 34,240 35,952 37,750 39,638 41,620 43,701 43,886 48,180
Cucuaber 14,900 15,645 16,427 17,248 18,110 19,016 19,967 20,965
138,580 145,509 152,785 160,424 168,445 176,868 185,712 194,997

Cost Of sales

¥ages and benefits 45,000 47,250 49,613 52,094 54,699 57,434 60,306 63,321
Growing supplies 3,540 3,717 3,903 4,098 4,303 4518 4,744 4,981
48,540 50,967 53,516 56,192 59,002 61,952 65,050 68,302
8ross sargin 90,040 94,542 99,269 104,232 109,443 114,916 120,662 126,695

EXPENSES
Electricity 33,400 35,070 36,824 38,665 40,598 42,628 44,759 46,997
Water 1,825 1,916 2,012 2,113 2,219 2,330 2,447 2,569
Qil 0 0 0 0 0 0 0 0
Repairs and maintenance 2,900 3,045 3,197 3,3s7 3,525 3,701 3,886 4,080
Miscellaneous 1,200 1,260 1,323 1,389 1,458 1,531 1,608 1,688
Property taxes 3,500 3,675 3,859 4,052 4,255 4,468 4,691 4,926
Professional fees 1,000 1,050 1,103 1,158 1,216 1,277 1,341 1,408
lasurance 3,500 3,573 3,839 4,052 4,255 4,468 4,691 4,926
Office 1,000 1,050 1,103 1,158 1,216 1,277 1,341 1,408
Tel ephone 1,200 1,260 1,323 1,389 1,458 1,331 1,608 1,688
[nterest onlld 24,599 22,650 20,190 17,427 14,321 10,832 6,911 2,505
Amortization of grant (21,136) (19,652) (18,328) (17,137) (16,063) (15,083) (14,191) (13,368)
Depreci ation 33,390 31,046 28,953 27,073 25,374 23,830 2,417 21,119
86,378 86,045 85,418 84,696 83,832 82,790 81,509 79,946
INCOME BEFORE TAXES 3,662 8,497 13,851 19,536 25,611 32,126 39,153 46,749
INCONE TAXES @ 251 0 0 0 4,183 6,440 8,224 10,050 11,976
NET INCOME $3,662 $8,497 $13,851 $15,351 $19,171 $23,902 $29,103 $34,773
NET [NCONE $3,662 $8,497 $[3,851 $19,536 $25,611 $32,126 $39,[53 $46,749
Depreciation 33,390 31,046 28,953 27,073 25,374 23,030 22,417 21,119
Amortization (21,136) (19,652) (18,328) (17,137) (16,063) (15,083) (14,191) (13,368)
C.C.A. (26,871) (20,612) (14,446) (11,088) (9,163) (7,977) (7,179) (6,595)
TAXABLE INCOME ($10,955) (8721) $10,030 $18,384 $25,759 $32,896 $40,200 $47,905




Option B

[BALUIT GREENHOUSE

PROJECTED CASH FLON
FOR THE FIRST B YEARS
(Unaudited -See Motice To Reader]

PTION: 7
10,0008Q. FT. - WITH HEAT EXCHANGE EGUIPMENT 12 MONTH SEASON

Year 1 Year 2 Year 3 Year 4 Year 5 Year 6 Year 7

Year 8
Net Income $3,662 $8,497 $13,851 $15, 351 $19,171 $23,902 $29,103  $34,773
Amortization (21,136)  (19,652)  (18,328)  (17,137)  (16,063)  (15,083) (14,191)  (13,368)
Depreciation 33,390 31,046 28,953 21,073 25,374 23,830 2,417 21,119
LM principle (17,953)  (19,902) (22,362)  (25,12) (20,231)  (31,720) (35,641)  (39,366)
FromOperations (2,037) () 2,114 162 251 929 1,688 3,158
Opening cash 0 (2,037) (2,048) 66 220 479 1,408 3,096

Closing cash (%2,037) ($2,048) $66 $228 $479 $1,408 $3,096 $6,254




OPTION: 7

IGALUIT GREENHOUSE

PROJECTED BALANCE SHEET

AS AT YEAREND
(Unaudited -See Ketice To Reader)

10, 000SQO F1. - WITH HEAT EXCHANGE EGUIPHENT 12 MONTH SEASON

ASSETS

CURRENT
Cash

FIXED
cost
Accumulated depreciation

Option B

LIABILITIES & EQUITY

SHAREHOLDERS LOAN
GOVERNXENT ASSISTANCE
LOKG TERM DEBT

RETAINED EARNINGS

YEAR 1 YEAR 2 YEAR 3 YEAR 4 YEAR § YEAR 6 YEAR 7 YEAR §
(82,037)  ($2,048) $66 $228 $479 $1,408 $3,096 $6,254
600,300 600,300 600,300 600,300 600,300 600,300 600,300 600,300
(33,390)  (64,436)  (93,389)  (120,462) (145,836)  (159,666)  (192,003)  (213,202)
566,910 535,864 506,911 479,838 434,464 430,634 408,217 387,098
$564,073  $533,816  $506,977  $480,066  $454,943  $432,042  $411,313  $393,352
$0 $0 $0 $0 $0 $0 $0 $0
358,864 339,212 320,884 303,747 287,684 272,601 258,410 245,042
202,347 182,445 160,083 134,958 106,727 75,007 39,366 0
3,662 12,159 26,010 41,361 60,532 84,434 113,537 148,310
$564,873  $533,816  $S06,977  $480,066  $454,943  $432,042  $411,313  $393,352




TGALUIT GREENHOUSE

PROJECTED DEPRECIATION
FOR THE FIRST 8 YEARS

(Unaudited -See Notice To Reader)

PTION: 7

10,000SQ. FT. - WITH HEAT EXCHANGE EQUIPMENT 12 MONTH SEASON

Option B

cost Rate Year 1 Year 2 Year 3
ACCOUNTING wT T emeee- TTTTT o mmTS
Equipment $22,500 201 $4,500 $3,600 $2,880
Buildings 458,800 1 22,940 21,793 20,703
481,300 27,440 25,393 23,503
Heat exchange 119,000 )4 5,950 5,653 5,370
$600, 300 $33,390 $31,046 928, 953
TAX (C.C.A.)
Equipaent $8,257 201 $826 $1,486 $1,189
Buildings 168,372 31 4,209 8,208 7,798
176,629 5,035 9,694 8,987
Heat exchange 43,671 507 21,836 10,918 5,459
$220, 300 $26,871 $20,612 $14,446
SIVERNNENT ASSISTANCE
Equipaent $14,243 201 $2,849 $2,219 $1,823
Buildings 290,428 b} 14,521 13,795 13,106
304,671 17,370 16,074 14,929
Heat exchange 75,329 b} 3,766 3,578 3,399
$380, 000 $21,136 $19,652 $18,328

Year 6 Year 7 Year 8
$1,475 $1,180 $944
17,751 16,863 16,020
19,226 18,043 16,964
4,604 4,374 4,155
_§g§_§§9 $22,417 0./051.;;;
$609 $487 $390
6,686 6,351 6,034
7,29s 6,83a 6, 424
682 kZH i
-;;:;;; $7,179 $6,595
$933 $747 $397
11,236 10,675 10,141
12,169 11,422 10,738
2,914 2,769 2,630
415,08 413,368

$14,191




Ror r ower
end er
rYiNeCipal:
Inter est rate
tar t

Date
1. Mar 28 1383
2. Apr 28 1989
2. May 28 1383
4, Jun I8 1983
S. Jul 28 1389
€. Aug 28 1389
7. Sep 28 1389
8. Ozt 28 1389
9.Nov 28 138”3
10. Dec 28 1389
11. Jan 281330
12. Feb 28 1330

Sub Tatal

12. Mar 281330
14, Apr =28 1330
1S. May 28 193390
1€. Jun <8 1330
17. Jul 28 199¢
18. Aug 28 1930
19. Sep <8 13990
20. 0=t <8 1930
21. Nov 281 330
22. Dec 28 1330
23. Jan =8 1'3'31
24. Feb 28 1931

Sub Total

25. Mar 28 153 1
26. Apr 28 1991
27. Play 28 19’31
28. Jun 28 1991
29. Jul 28 1991
30. Aug 281931
21. Sep 28 1931
32. 0Oct 28 1991
3Z.Nov 28 19'31
34. Dez 28 1 391

Zr=eu300.00
:12.0000
1'38'3/03/0dt

LOAN AMOFRTIZATION SCHEDULE

IQALU IT SREENHOUSE

Inter est
1307.32
2133 .87
2120.093
2106.18
209212
2077. 94
20632.61
2043 .14
2034 .54
2013.79
2004.83
1'38'3 .85

245'3'3 .34

1'374. &7
1359 33
1942.85
1928.21
1912.43
1836. 48
1880.39
1864.12
1847.72
1831.15
1814.41
17°37= 51

22650.27

1780.45
1763.22
1745.82
1728.25
1710.52
1692.60
1674.52
1656.25
1637. 81
1619. 19

Description :LOAN

Fayment:
CDmp ounded every
s 13g 3705/

=Y

Frincipal

1638. 67
1412. 13
1423.91
1439.82
1452.88
1468.06
1482.323
143€ .86
1511.46
1326 21
1541.11
1556.15

17332 .66

1571.33
158.5.67
1602 .15
1617. 7°3
1€33 .57
1649.52
1665.61
1681.87
1698.28
1714.85
1731.53
1748.49

1 '3901 .73

1765.55
1782.78
1800.18
1817.75
1835. 48
1852.40
1871.48
1889.75
1'308. 19
1926.81

394€.00 payable every
& mont h(s)

LSt 1 U'FI77027:8

Balance
218661.22
~17~4'3 .20
215823..2.3
214583« 4€
212329.29
211461.53
209373.13
208482. =8
206'370.81
205444. €9
203303 .43
202347 .34

200776.01
1“3'318%2 .34
1'37587. 19
1'35'36'3 .40
134335 .83
1%2686. 31
191020.70
183338.83
187640.55
183925 .69
184194.1 ©
182445 .61

180680.06
178897.28
1770'37. 10
17527'3 .36
172443.87
1715’30 .48
16’37 18.99
167829.25
16532 1.06
162394 .25

Option B

Dzt 11,

1388

1 month (s

maturity $139/705/75:58



LOAN AMORTIZATION SICHEDULE

3orrower | ClALUTI T 13 REENHOUSE

ender
rimciopal:

I nterest rate
‘tart :1°'389/03/01

Dat e
35. Jan 281332
36&. fFeb 28 1392

Sub Total

37. Mar 28 1932
38. Apr 28 1932
39. May 28 1332
40. Jun 28 13992
41. Jul 28 1932
42. Aug 28 1932
43. Sep 28 1332
44, 0c t 28 1992
43. Nov 28 1932
4 6. Dec 281932
47. Jan 281233
4 8. Feb 281333

Sub Tat al

49. Mar 28 13933
S0. Apr 28 1333
S51. May 28 1933
S2. Jun 28 1333
52. Jul 28 19393
S4. Aug 28 1333
55. Sep 2B 1933
S&. Ozt 28 1333
S7. Nav 28 1333
58. Dec 28 1333
39. Jan zB8 13924
60. Feb 28 13934

Sub Total

61. Mar 28 19394
£2. Apr 28 1994
63. May <8 19394
64. Jun 28 1994
&5. Jul 28 1994

12.0000

Inter est

15GCG - 33
1581. 40

201 90. 42

1582 - 23
1542.87

1523. 32

1323.58
1483.65
14€3. S2
1442.20
1422, 158
1401, 96
1381.04
1359, “31
1338.57

17426.53

1317.02
12395 .28
1273. 32
1251.14
1228.74
1206 .12
1183.29
1160.24
11 3&. %€
1113.45
1(>873.71
1065.74

14221.02

1041.53
1017.09
992.41
967.49
942.32

Description :LDAN

220300, 00 Payment :
Compounded every
1st : 1'38'3/(33/'28

last”

Frinzipal

1 '345.61
1364.€0

22361. 38

1303.77
2003.13
2022.68
2042 42
20€2. 35
2082 .48
2102.80
21 :3.32
2.144.04
2 164, 96
2186. 0’3

2207 . 43
25 125. 47

2228, ' 37
2250 .7-2
2272, £8
2294. 13&
2217. 26
2239 .87
2362. 71
2385. 76
24039 . 04
2432. 55
2436 . 29
2480 . 26

28230 .98

2504. 47
2528.51
2553 .59
2578. 51
2603. 67

2546.00payab 1 e every

& nonth (s)

1337 / 02/28

Balance

162048 .63
16(>(>84 .03

158100.26
156037 .1 3
154074.45
15~03~ . O3
14'396”3 .68
147887.20
145784. 40
143661.08
141517 o 04
139352.08
137165. '38
134958.56

13~7~9 .5,3
130478.87
128206.19
12531 1.322
1235734 .07
121254 . 20
118831 .43
116505 .72
1140'36 . 6'3
1 11664.13
10’3207 .84
106727. S8

104223.11
101694.20
99140.61
96562.11
93938 .44

uption lo

Ozt 11,

138

lmznt h (s5)

Maturity :1397/02/28

8



1 ¢ Option B

IRALU IT SREENHQUSE
FRINCIFAL ASSUMFTIONS TO FROJECZT IONS

FOF THE FIRSTEIGHT YEARS
; C Unaud i ted - See Notize t oD Reader)

1. Eevenue and expense amzunts have been est i mat ed by pr ojec t management

for year 1. Thereafter, these est i mat es are increased 5 % per year for
inflatioOn

“«Depreciation has been pr ovi ded by the dez 1 i ni ng balance met hiod at the
rat es set out i n the p r 2 jec t ed deprec i at ion statement.

2J. Amzrtiz at ion =~ f Eover nment Assi stance has been provided by the declining
balance met hod at the rates the assets qual i fyi ng for the assist anc e are
bei ng depreciated, and are set wout i n the projezcted depreciation
stat ement.

I i, Revenue and expense amoun ts are assumed t @ be r ez e i ved and paid i n the
year incur red.

i. Acc eler at ed capital cost al 1 owance forincome tax purposes has been used
' for the heat exchange equipment. | tis necessary for the Minister o f
* Ener gy, Mi nes and Rescources tocer t i f y the equipment toqualify for the

acceler at ed rate.




1QALUIT GREERHOUSE

PROJECTED INCOME
FIR THE FIRST 8 YEARS
(Uniudited See Notice To Reader)

PTION: 7
10,000W FT, ~ WITH HEAT EXCHANEE EQUIPNENT 12 MONTH SEASON
YEAR 1§ YEAR 2 YEAR 3 YEAR 4 YEAR § YEAR § YERR 7 YEAR 8
REVENUE
Lettuce $89,440 $93,912 098,608  $103,%38  $10811s  81141sl  #119,859  $125,8%2
Tonato 34,240 35,952 31,150 39,636 41,620 43,701 45,886 48,160
Cucuaber 14,900 15,645 16,427 17,240 18,110 19,016 19,967 20,%s
138,560 145,509 132,783 160,424 168,443 176,888 18s,712 194,997
Cost of sales
Wages and benefits 57,000 39,850 62,843 63,98S 69,264 72,148 76,36S 80,204
8roving supplies 3,50 3 3,503 4,096 4,303 4,318 __f,_)_‘j ¢,981
60,340 63,567 66,746 70,083 73,587 77,266 81,129 83,185
Gross margin 10,046 81,942 86,039 90,341 94,838 $9,602 104,583 109,812
€IPENSES
Electricity ’ 33,400 35,070 36,824 38,665 40,598 42,628 44,739 46,997
Hater 1,825 1,916 2,012 2,113 2,219 2,33 4447 2,569
011 0 0 0 0 0 0 0 0
Repairs and maintenance 2,900 3,04$ 3,197 3,357 3,525 3,701 3,666 4,080
Niscellaneous 1,200 1,260 1,323 1,389 1,438 1,33 1,608 1,688
Property taxes 3,900 3,678 3,859 4,0s2 4,255 4,468 4,691 4,926
Professional fees 1,000 1,0s0 1,10 1,158 1,216 1, 2n 1,34 1,408
[nsyrance 3,900 3,675 3,839 4,052 4,255 4,468 4,691 4,926
Office 1,000 1,050 1,103 1,18 1,216 1,277 1,34 1,408
Telephone 1,200 1,260 1,32 1,389 1,458 1,51 1,608 1,608
Interest on LTD 17,900, 16,482 14,692 12,682 10,422 7,064 5,032 1,827
Aaortization of grant (18,912)  ([7,583)  (16,398)  (1s334) (14372)  (13491)  (12696)  (11,961)
Dapreciation 33,390 31,046 28,933 21,073 25,374 23,830 22,47 21,119
61,903 81,946 81,850 81,754 0,624 81,428 81,125 00,67S
INCOME BEFORE TAIES (3,869) (4 (L1 8,387 13,234 19,174 0,45 29,177
INCOME TAXES 0 251 0 0 0 0 0 1,84 6,174 1,626
_____ e -
NET INCONE ($3,863) (44) $4,109 8,387 13,24  #16,33¢  #17,20¢ $21,s11
SARIRSY BESEsS2 22 2833238
NET INCORE ($3,863) ($4) $4,189 48,387 $13,234 $18,174 $23,458 $39,137
Depreciation 33,390 31,046 28,933 27,073 25,374 23,830 2,417 21,119
Asortization (18,912) (17,583  (16398)  (1s334) (14,372  (13497)  (12,696) (11,960
C.0.A (3L,1s1)  (4,33%) (11,0690 (13,2020  (10,827) (9,424) (8,483) (7,79)
TAXABLE INCONE ($21,1361  ($10,695) ($35)  $7224  $13,409 19,080 $24696  *30,504
a=sz23m INAT=2ST 22s3ass 2R2Ssce ZRNASIS t =3 SNSRI




IWuIT GREENHOUSE

PROJECTED CASK FLOW
FOR THE FIRST @ YEARS
(Ungudited - See Notice To Raader)

1PL1oN: 1
10,000SQf1, = WITH HEAT EXCHANGE EQUIPNENT 12 MONTH SEASON

Year | Year 2 Year 3 Yerr 4 Yaar § Year 6 Year 7 Year A

#et Incone ($3,963) (44 84,189 49,387  $13234 16,334 $17,284 821,510
Aeortization (18,9120 (17,883)  (1§,398)  (1s:334)  (14372)  (13,497)  (12,6%6) (11,961
Depreciation 33,39 31,0'4s 28,953 2,013 23,314 23,830 22,417 21,119
LID principle (13,0800 (14478 (16260 (18275)  (20,S38) (30161  (25928)  (28,674)
Fros Operations (45 (1,019 416 2,048 3,698 3,591 1,077 1,99s
Opening cash 0 (2,44s) (3,464) (2,988) (840) 2,758 6,349 1,42
Closing cash ($2,445)  (43,464)  ($2,930) ($9¢0) 92,758 $5,349 17,426 $9,421




1GALUIT GREENMOUSE
PROJECTED BALANCE SHEET
1S AT YEAR EN)
(Unaudited - See Notice 1 gegder)
PTION: 7
10,000 SO* FT, = ¥ITH HEAT EICHANGE EQUIPNENT 12> MONTH SEASOM

YEAR | YEAR 2 YEAR 3 YERR 4 YEARS

ASSETS
CURRENT
Cash (82,445)  (83,460)  (3890a)  (494) 92,758
FIIED
cost 600,300 600,300 600,300 600,300 600,300
Accusulated depreciation (33,390) (64,436)  (93,389)  (120,462)  (143,836)
366,910 535,864 $06, 911 479,630 434,464
$564,465  4332,400  4303,923  $410,898  $437,222
33223288 SSEAN2Z2XS EZ233TeWL TTBITNES
f
!
LIABILITIES & goutty
SHAREHOLDERS LOAN $100,000  $100,000  $100,000  $100,000  $100,000
GOVERNMENT ASSISTANCE 321,088 303, 505 287,107 271,773 257,401
LONG TERN DEBT 147,240 132,762 116,494 90,216 77,678
RETAINED EARNINGS (3,863)  (3,867) n 0,909 22143

...... awecssan

$564,463  $S32,400  $503,923  $478,6%  $437,222

YEAR § YER 7 YEAR 8
$5,349  47,4% $9,421
600,300 600,300 600,300
(1696661  (192,083) (2132021
430634 400217 387,098
$436903  $413,643 395,519
33483233 SSAIRRID sagazszs
$100,000  $100,000  $100,000
243904 231200 219,247

84,502 28,614 0
38,477 33,761 mm
$436,980 415,843 939,519
3333382 SBSRENAS 12323338



Borrower 11 CALUIT 13?2 EENHOUSE De:':rip;i-;:;;—:LOAN

Lender : H
Pri mci pal : 1€£03200, 00 Payment: 2380.00 payab 1 e every 1 mant h (5
Int er estrate : 12.0000 Compounded  every 6 month(s)

Start : 1383/03/01 lst 11989/03/28 Last : 1997/02/28 Maturity $1337/02/28

Date Interest Principal Bal ance
3%5. Jan 281992 1164. 60 141S, 40 117323.11
3€. Feb 28 1932 11130. 7'3 1429. 21 1164’ 33.30
Sub Total 14692. 34 16267, 66
, 27. Mar 28 1932 1136.84 1442.i € 115050,74
38. apr 72"3811332, 1122.76 1457,24 113%93.50
29, May < = 1108.54 1471 46 112122,03
40. Jun 28 1332 1094. 18 1485.82 110636.21
41. Jul 28 1992 1079. €8 1500,32 109133.80
42, Aua '32535335% 106s. 03 1s 14.97 107620.92
¢2. °9P < 1030.25 1s29. 75 1060’ 31,17
44, Oct 281992 1035.32 1344.68 104546.49
45. Nov 28 1992 1020.25 1559, 75 102986.74
46. Dec 281992 1005.03 1s74. 97 101411.76
47, Jan 28 1993 98'3 .66 1530. 34 99821.42
48. Feb 28 1993 974.14 1605.86 98215.56
| Sub Total 12681.56 10278.34
. 49. Mar 20 1992 958,47 1621.53 96594.02
i 50. Apr 28 1993 942.64 1637.36 94956.66
i 9t. May 28 1393 926.66 1653.34 93303,33
$2. Jun 28 1993 - 910.53 1669.47 91633.85
* S3. Jul 28 1993 894 .24 1689.76 89948.09
i S4. Aug 28 1992 877.78 1702.22 88245.88
5S. Sep 28 1993 861.17 1710.83 86527.05
%6. Oct 28 1933 844.40 1735 .60 84791.4s
, 87. Nov 28 1993 827. 46 i7s2+ 54 83028.91
' 88, De: 28 1933 810.36 1769064 B81269.27
S9. Jan 28 1994 793. 09 1786.51 79482.3
&0 . Feb 28 1394 77%.8% i 804,35 77678.01
Sub Tt al 10422.45 20537, S8
61, Mar 28 11313+ 758.04 1821. 96 7s856.06
62. Apr 28 1994 740. 26 1839. 74 74016.32
63. May 28 1994 722.31 18S7 .69 72158.63
64. Jun 28 1994 704.18 1s7s. 82 70282.81

€3, Jul 28 1994 €83, 88 1894, 12 68388.69



IGALUIT GREENHOUSE

PROJECTED DEPRECIATION
FOR THE FIRST 8 YEMS
(Unaudited - See Kotice To Reader)

OPTION: 7
10,000 SQ. FT, = WITH HEAT EXCHANGE EQUIPRENT 12 MONTH SEASON

Cost Rate Ter 1 Year 2 Year 3 Year 4 Year § Year § Year 7 Year 8
ACCOUNTING —— T e mmmm e ceeT T emeeee TS
Equigaent $22,300 20X $4,500 13,600 12,880 $2,304 $1,843 $1,47%5 $1,180 $944
Buildings 438,000 " 2,90 21,193 20,703 19,668 19,685 17,781 56,863 16,020
481,300 27,440 29,393 33,583 21,912 “20,528 19,226 {8,043 16,964
Heat exchange 119,000 st 3,950 3,653 5,310 3,101 4,886 4,604 4,4 4,1ss
$600, 300 $33,390 $31,046 $28,9s3 127,003 $23,374 $23,830 $22,417 $21,119
as33s233 sa323323 T3 23 = f12323323 +155SS:S s=az33k
TAY (C.C.A.)
Equipaent 49,758 202 $976 41,738 $1,408 $1,12¢ $899 119 4375 $460
Buildings 190,943 - b} 4,974 9,698 9,214 (A K] 8,318 7,899 7,s0s 7,129
208,699 5,950 11,454 10,619 98N S04 8,618 8,080 7,589
Heat exchange 51,601 30X 23801 12,200 £,430 3,228 1,613 $06 0 403 202
$260,300 31 ,7Si 424,354 $17,069 $13, 102 $10,827 $9,424 48,483 7,73
ssss=azs ss2s=xa2 =ma2azTeT a3333axsx S3TIK233 x3333333 assssEss sxe=azas S3sE2322
SOVERNMENT ASSISTANCE
Equipment $12,744 202 42,949 $2,039 1,831 1,205 $1,044 $839 4668 $533
Buildings 259,857 St 12,993 12,343 11,726 11,140 10,563 10,054 9,$31 9,073
272,601 15,542 14,382 13,357 12,443 11,627 10,889 10,219 9,608
Heat exchange 87,399 h)§ 3,370 3,201 3,041 2,889 *2,743 2,608 2,417 2,353
$340, 000 $19,912 $17,383 416,398  $1s334  $14372  $13497  $12,6% 811,96}
ess==gwts 0 assss: e 13 s RS83==23 SS3S38EX 2SNAERRZ 22223232 228223z SSssasse




80.

Borrower !

-ender

Tinel pal f
Inter est r ate : 1

start: 158°3/wW/01

Date
66, Aug 28 1934
67. Sep 28 1994
68 . Ozt 281 394
€3. Nov 28 1394
70. Dec 28 1994
71. Jan 281993

72. Feb 28 13’35

Sub

732. Mar
74. Apr
7S. May

77. Jul
70. Aug
79. Sep
Oct

Nov
Dec
Jan
Feb

81.
Bz2.
83.
@.

Sub Tetal’

g3.
8E.
B7.
88.
89.
90.
'31.
92.
93.
94.
95.
96.

Mar
Apr

Jun

Q=
Nov
Den:

Tot al

28 1993
28 1995
281935
76. Jun 28

28
=8
28

28

28
28
28
28

1995
1333
1995
1995
1395
1995
1398
1996
1356

281936

28

28
28

19'3€

May 28 199€
“28 19396
Jul 28 1996

Augl8 1996
Sep 28 1'3'36
t 28 1336

1996
133¢€

Jan 281897
Feb 28 1997

Sub Total

1 6Q300 .00
2. 0000

Int crest

LOANAMORTIZAT |ION SCHEDULE
IQALUIT GREENHOUSE

Q:t 19868

25,

Description $LOAN

Payment :

Compoundadever y
1st :$1383/702/28

Pr

6647.33
648073
€27 .88
610.85
531.63
S72. 23
S52.€3

7004,01

532.885
512.87

4 9 2 .

70

472.33
451 .76
430.99
410.02
38s. 84
367. 46&
3435. 87
324 .07
302. OS5

w031 .82

27'3. 82
237. 3a
234.71
21i .82
188.71
165.38
14 .81
118.02
93. 93 .
€9.73

4

e .
UIZS

<0,30

1s27. 10

inzipa I
1'31261
1'331.27
i 950.12
1969. 15
1988.37
2007.77
2027,37

23075.99
2047,15

2067.13
2007.30
2107.67
2128.24
2149.01
216’'3. 98
2191.16
2212. 54
2234.13

22s5.
2277.95

2s928 . i 8

2200.18

2322.62

2345.29
23€8.i8
2391. 23
2414.62
£438.13
246 .38
2486.01
25i0.27
2534 .77
2559.30

29132.90

93

2%580.00
b mont K

Last : 1997/02/28

Bal ance

payable
(s)

every 1 monthis)

Mat urit y : 1'337/02/28

66476.08

64544 .
6°25734.
60625.
58637.
36629.
54602.

52534,
J0487.
48400.
46292.
44164,
42013.
39845,
37654.
35441.

3wiw7e

30951.
25673,

26373,
24051,
21705.
19337,
16346.
14531,
12053.
9631 e
7145.

80

€8
53
16
33

03

88

7s
4s
78
94
53
55
40
86
73
80
83

67
03
76
38
23
66
48

43
49

4635 .2.2

2100,
-4s9.

43
03




