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ABSTR ACT

This report demonstrates the feas ib ility of coustruc t~~g
an air—transportable hydroponic growth module for the
year round production of lettuce , tomatoes, and cucumbers
for up to 100 people located In remote northern communities.

• Preliminary comparative costs and technical considerations
are presented for several different sized modules.

0

p

p

H

v

• 
_
~~~~~~~~~~ :~~~~~~

_: - - 
‘ 1 

_ _ _ _  _ _ _ _



~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

FEASIBiLITY STUDY OF AN ARCTIC

FOOD PRODUCING FACILITY

1. I n t r o d u c t i o n

Over the pas t decad e, there have been renewed e f f o r t s  b y govern-
men t , industry , and the military to develop and occupy the Canadian
Arc tic regions. Because of their remote geograp h i c a l  loca t ion , cold
climate , and short growing season , food must  be tratisported to inhabitants
of many of the Arctic communities at grea t cost.

t For example , Alert , in the North West Territori es (82°N ,
62 W); is a community largely cut off from the outside world. The
Canadian Armed Forces must provide weekly flights of food year round
by CC—l30 aircraft ( H e r c u l e s )  f r o m  CF Base Trenton . (At the present
time, Inuvik (68 N, 13 .3 W) is the onl y other community in the N.W.T.
that receives food weekly via the Canad ian Forces on a continuous

* basis). In summer (May to September) , ~O() to 350 military and civilian
personnel must be supplied with food ; in the remaining months , about
200 people. A one—way flight to Al ert (2700 miles from Trenton) with
a fully loaded Hercules (usable pay load 78,000 Ibs) cost $1540 per
hour , on average. Thh: includes POL (petroleum , oil , lubricants ),
spares, repair , overhau l , in—service maintenance and depreciation .
The flight crew (pilot , co—pi lot , navigator , and two load masters)
costs an additional $330 per hour .  Thus , it costs the Canadian
taxpayer about $0.57 for each pound of freight tha t makes the
8 1/2—hour fli ght to Alert. (if the payload , only 12 ,000 to 16,000
pounds consists of food . Thus, the transportation adds an average of
$24 to $33 to the basic food budget for ea ch person each week (1). This
cost represents a m~tjor financial burden to the Canadian Forces, and any
developments which can reduc e or alleviate it must be given serious
consideration .

2. Background

• The Defence and Civil Institute of Env ironmental Medicine (DCIEM)
is presently developing a combined water purification , waste disposa l
and sanitation system based on the Wetox princ iple in an air—transportabl e
modula r form for use in remote locations by 50 to 200 people (2). In
addition to producing a sterile , disposable solid residue from sanitary
and municipal—type wastes, the system also generates a liquid effluent

• waste which contains a relativel y high concentraton of low molecular
weight organics (e.g., acetic arid), phosphates , and ammonia salts.
Moreover , there is a high concentration of CO2 

(z  202) in the spent

• air of the Wetox system as well as a low grade supply of heat (~ 200 
F)

in the effluent. I)CIEM Is currently conducting a feasibility stud y (3)
on the use of this li quid effluent for the production of t ood by means
of hydroponic Mardening .

.1
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Object iv es

in this report , we d iscuss the feasibility of growing f ood hy dro-
ponically in a growth module . Furthermore , a conceptual design ot j n
air—tran sportabl e growth module is presented for the year  round pro-
duc t ion of lettuce , t omatoes , and cucumbers iii suffi cient quantity
to iced up to. approximately 100 peop le  i n  remote communities .

3. Food Produc t ion

3.1 H 1 5~~~~~~c Garden ii~~

Hydroponics is the p r a c t i c e  of growing plants without benefit
of soil by feeding them on nutri ent (chemical) solutions (4,5,6,7).
There are basically two methods ot growing plants without soil , both
of wh ich may be used In the open or In a “greenhouse”. ft ii rs t
method , that of aggregate culture , relies on a sand or gravel—like
mate r i a l  ( e . g . ,  Haydi te) to support the root system t,I the plant. At
periodic intervals , nutri ent solution is torced t r um a holding tank

F into the aggregate bed at the base of the hydroponic unit (sub—Irri-
gation technique) until it is partiall y flooded ; then the liquid is
allowed t o  drain back into the tank . The roots of the p l an t s  then
become exposed to air until the next. I Loud cycle begins. In this way,

• t he two essent ia l  ingred ien t s , nutrients and air , a re c o n t i n u o u s l y
• provided . The method ot aggregate c u l t u r e , using Haydite as the

m~dlum , has been successful ly  demonstra t ed at DCIEM in a greenhouse
in which environmental factors were closely controlled . The second
method , that of liquid culture differs i n  that the roots are constantly
bathed in nutrient solut ion (see Sec t ion 1. 3)

3.2 Advant~ ges and D i s a dva n t a.&e~ of Hydrop~pIc Gardening

l4ydropon~ics offers several advantages over established horti-
cultural practices. Briefly, some of these include: (a) the possi-
bility for higher crop y ield with uniform results (e.g. with tomatoes
and cucumbers); (b) quicker growth since factors -as pH , nitrogen , phos-
pho rus , potassium , and ott ~er~ can be b e t t e r  controlled (pa r t i cu la r ly  in
a growth chamber) ;  (d)  the absence of weeds; (e) a reduction in growing
area through closer spac ing of p lants; (f) a reduction in manual labour
since the entire system can be automa ted , (g) the absence of waterlogging
because of improper dra inage; (h) out—ut—season crop production
(I) water and nutrient salvage and reuse thus reducing the natural
wastages which are beyond control in standard hort~icultural practices;
(j) transplantation of seedlings with relatively little shock; and
(k) utilization of areas normall y horticultura lly unproductive.

There are three major disadvantages to hydroponic gardening.
Improper attention to pH, temperature , essential element balance (macro
and trace) , and water logging runs the r isk  of poor plant  growth , or ,
in the extreme , c rop failure , a prospect which could make hydroponic
gardening an expensive proposition . A second disadvantage concerns
the ~ ,bstantial init ial monetary outLa y b r  capital equi pment. Tanks,

—— 
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pumps , grow i ng t toughs , p i p i n g  and euv I rtiiun t~nta 1 t’ou t rel equ I pmt•nt s
can he quiti • exp en s ive .  The t hi rd ma~ or d isadvantage is that not
all vegetabl es c an be sue c ess t ii li v or economic all y g rowii in  a hyd ro—
~on I c sys t em , espet ’ tally i t t hey a i c  grown “under  gi ass’’. Va r i t•t I
such as I t’t t a t ’ e 1 1 e.i t , end tv t •  ) • t uma toes , cu cumbers , egg p l an t  s , pepper
(ho t . sweet , sp I nat  Ii , sw I s~

; chard , squash . si rawber I’ I es , and on tons
are well su i t e d  t or hyd ropon (c cult I v a t  Ion . However , und er norma l
c o n d i t i o n s  of supp l y  and tlt•mand , It Is tin ii ke l v  that hydroponic vege-
table product ton under glass is e co n o mi c a l  l v  t e~aslhle. In remote areas ,
such as t tie Caiia~I t a n  Arc t I t ’ , where t ransport at ion coSts become prohibit ly e ,
hydropon (cal I y—g r ow n vegetables are •i del’ m i t  ~• commercial possi bitt  v as
our ca l  en 1st tons in thi s r epor t  in d i c a t e  (vi tic tnt ra) . Harris (1) be 1 key es
tha t, , apart t rum tomatoes and cut’ umbe rs , hy d ro p o n i c  a f l y—gr own produce cannot
compel c wit h norma 1 thuds of vegt• t ab Ic product  Ion In the south.

~~. - 
Nutr t e n t  Ft tin Techu I q~ie çNF1’~

The m a t  or advantage o t t he NFT ine t hod u I h y d r o p o n i c  gardening
over aggregate cult nrc t e c h n i q ue s  I t es in  t h e  eom(’ let e cii in i nat ion of
the subs I r a t e requ I r ed fo r  p l an t root tug (8,9, II) . A second advan t age
Is that the cap it a I .end insta l l at t on  cost  s are l ower than in  the aggregate
system . A t h i  rd advan t age over agg regagt~ en it i vat  ion Is t ha t on ly  a
small  tank and one pump a rt~ needed o cover Is rge numb er s  ut  p l an t  s.

The growing env I ronmen I cons 1st s o t eon i I nuous lengths of nun—
translucen t plastic canals  tutu which vegetables are spaced at regular
liitervals . Although the p lant roots may he rt ’t um i iw d In cubes of rock—
wood , wood I I be r, or ~~~~ 1 yurt’t hane t usm , In the mnort’ sophi st Ic at ed syst ems
now he i ng developed ( 10) , he root s ar e suspended t reel y in the p1 as ti c
gu lleys. They q u i c k l y to r m a Ins t or rope which  l ines  the entire

t gu lley and the  p lan t  becomes as f i r m l y  “ ro oted ” as in soil. The roots
are constantl y bathed in a circu lating t tim of dilute nutrients , t h u s ,
the prime requisites ot water , air , and inorganic ions are met .

3.4 ~~ co~~~eqded Sy st em

In t h i s  s tudy , the NFl method has been adopted for  use in the
air—transportable growth module. it is proposed that a trailer be
obtained and outfitted as a growth module for the continuous year
round production of tomatoes , cucumbers and lettuce. The trailer ,
which w i l l  be f i t t e d  f or  NFT cropping and w i l l  include a small service
area , is to be de signed to t eed t rout a p p r o x i m a t e l y  20 to approximately
100 people (depending on it s  st : .e l . It Is also proposed to a i r— t ransport
the t r a i l e r  to an Arctic c o m m u n i t y  fo r  t e s t i n g .

$ The “pe r cap i ta ” consumpt ton r at es  of f resh  t oma t oes , cucumbers
and lettuce fo r  the ’ years 1974 and 197~ a r e g iven in Table 1 ( 1, 1) .

t
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Table 1. “Per Capita” Consumption of Fresh Produce In Pounds per Person
per Year.

Year
1974 1975

Produce

Tomatoes 10.55 11.29

Cucumbers 3.39 2.92

Lettuce 17.23 18.21

For these consumption figures, and assuming that each plant pro—
vides 25—30 pounds of tomatoes in a 7—8 month harvest (average mass of a
single tomato is 3/4 pound), it is anticipated that about 30 to 35 tomato
plants would be required for continuous year round production for 100
people.

At an average weight of 14 ounces, and at 25—30 cucumbers per plant
for a 5—6 month harvest, 6 to 9. cucumber plants would be required in the
growth module to feed the 100 people year round.

For lettuce, the crop rotation cycle is about 40 days, thus 9 crops
can be grown per year. At an average weight of 1/4 to 1/2 pound per lettuce
bunch, approximately 4500 leaf lettuce spaces would be required.

~stintates indicate that approximately 30 lineal feet of trailer would
be required to provide sufficient space to accomodate this crop of tomatoes,
cucumbers and lettuce for year round production for approximately 100 people. 
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4. Modularized Facility Conce~~t

4.1 Requirements

A prime consideration is the need to set up and evaluate the module
and Its internal, systems In a southern location close to laboratory and
machine shop faciliti es in order to allow optimization of the comp le te pack-
age. Specifically, this would ensure that construction of the module and
its plant growth systems would be done by the people most experienced in b u i l d i n g
such units. Furthermore , the required skills and anal ysis would be available
and be carried out in the most efficacious manner when assessing and
modifying the performance of the comp lete system.

The module should be made readily mobile , taking advantage of the
least expensive means of transportation to the Arctic , i.e ., by ship. It
should also be capable of bei ng flown to land—lucked villages year round .
Limited ground transportati on would also be required .

Space must he p rovided for  the plant growth beds themselves , var ious
additional areas, e.g. aisles , heating, ventil ation , and air conditioning
units, work areas for plant care and equipment maintenance , controls for
environmental conditioning , hydroponic tanks and associated equipment.

Lighting for the plants should be of the order of 4000 foot—candles
(ft—cdl) at the growing surface , wIth 6 ft of available head room above
the plants. The walls should be surfaced with some reflective material able
to wi ths tand high humid ity, such as stainless steel or Aizac—type aluminum
sheet.

4.2 Description of o osed_Faci l i~~

Transportable work—camp modules have been manufactured for use in
oil and mining exploration camps , and numerous construction projects in
remote areas. They can be designed for air transport by CC—130 air—
craft and are generally custom outfitted to the purchaser ’s specification.
As such , they have been used for a variety of purposes : as bunkhouses,
dining areas , ki tchens , recreation areas , pump—houses , and sewage treatment
facilities. One of these modules could be designed specificall y as an
enclosed “greenhouse” for transport to the North. SpecIfic design con—
siderations necessary to meet these requirements are given below and include:

a) li ghting (4.2.1),

b) environmental conditioning (4.2.2), and
$

c) t r anspor t ab i l i ty  ( 4 . 2 . 3 )

(where numbers in parentheses indicate the appropriate section in the text).

t

I ,
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In order to provide a reference point to allow comparisons and to
judge the scale of the proposals outlined in this paper , data spe—
cifications given in the following discussion are based on the use of
a “standard” maximum sized module approximately 39 ft x 8 ft x 8 ft. Figure
1 shows such a module with the areas required for the ;

~irIous functions of the
greenhouse. While the height and width of the module should remain at
8 ft x 8 ft , any length may be considered . In Section 5, the cost factors
for 3 module sizes are discussed.

4.2.1 Lighting

Light plays an essential part in plant growth since it provides
energy for photosynthesis, the process by which plants manufacture
ca rbohydrates from CO2 and water. For normal p lant growth , a proper

C balance of red and blue light is required. Standard incandescent lamps
are rich In red light , but because they are relativel y low in intensity
they are usually only used for cyclic lighting in greenhouses. Blue light
may be provided at high intensities by fluorescent lamps. Combined
lighting (incandescent and fluorescent) is often used to provide the energy
required for normal plant growth and shape. In comp le tely enc losed grow th

C chambers, high intensity discharge (HID) lamps are used for  norma l plant
growth because of their greater efficacy, longer life , high lighting
level , and good spectral balance.

There are two different HID lamps having sufficient intensity
for proper plant growth in an enclosed growth module. These are :

( 1) sodium vapour , and 2) metal halide lamps. Both require electrical
power of 400 watts per lamp, of which approxima~e1y 60 watts is
dissipated at the ballasts .  Each lamp irridates approximately 3.6
square ft of bed , and the lamps are arranged in pairs to provide
over lappi ng beams, and are interconnected to allow at least two
different illumination levels depending on the type of plant growth.

C. In a 39—ft—long module , approximately 30.ft would be available for
plant growth (see Figure 1) . This would require 46 lamps. The
total electrical load would be 18 kilowatts, all of which is dissipated
as heat both at the ballasts (9000 BTU/hr) and throughout the Interior
of the module via the lamps (53,000 BTU/hr).

Desirable head room for plant growth is 6 ft , and this height can
be achieved if the ballasts , which are about 2 ft in length and mist
remain vertical for cooling, are located remotely, such as on the walls
of the nodule, This location is also preferable for module loading
considerations, as the total weight of the ballasts is approximately
1000 pounds.

4.2.2 Environmental Conditioning

Two major operational modes must be considered for environmental
control:

C a) Winter operation. Heat loss through the walls and due to
air exchange is expected to be only about 20,000 BTU/hr maximum
during the coldest weather. Since the lamps and ballasts themselves
provide 62,000 BTIJ/hr of heat , approximately 42,000 BTU/hr



will have to be removed during the 12 hours “on ” cyc le  to avoid
overheating the module. This is a considerable amount of
heat and, if it were to be dissi pated by ventilation with
outside air , a prohibitively high operating cost would result.
However, it would be very cost effective to store all of the
excess heat for two purposes:

1) For use later each day .is greenhouse—space heating when the
lights are off and heat losses are still present.

2) For space heating in other bu Ildings at any time.

Th is could be accomp lished most e f f e c t i v e l y  by means of a
heat pump , a device which transfers heat from one med ium
(e . g . ,  ai r )  to another  medium (e.g., water) at a higher temp-
erature for storage purpo ses.  Heat would be withdrawn from
the air in the module when the li ghts are on, thereby
cooling the Interior. This heat would then be stor ed
in a tank of wa te r .  Later  in the day , when the li gh ts
are off and heat is required , the heat pump is operated
in reverse, transferring heat from the water to the air.
The quantity of water required to store enough heat for
the full sized module with a typ Ica l  12 hour “lights  of f ”
cycle in the coldest weathe r would occupy approximately
100 cubic ft . or , 14 square ft of floor space. Besides
saving the heat energy produced by the lamps , this system
also has the further advantage (over fresh air ventilation)
of minimizing vapour loss to the outside during the “lights
on” cycle. Otherwise , during winter , humidifiers would be
required to maintain the high humidity conditions necessary
for opt imal  plant  growth.

b) Summer qperation. Under the warmest conditions during day light
hours when the lamps are on , 62,000 BTU/hr must be removed from
the system. Taking into account the normal building solar heat
load and an appropriate safety factor , a unit with a capacity
of approximately 100,000 BTU /hr of sensible heat removal must
-be provided . Here the heat pump , acting as an air conditioner ,
becomes invaluable, since it allows storage of all the excess
heat, for either remote or delayed use. With a conventional
air conditioner , this heat would be irretrievably lost.
It is assumed , here, that this excess heat can be utilized
throughout the year. This is certainly true for far northern
settlements such as Alert , and Arctic Bay which have in the order
of 700 degree_days*/month of heating even in July, their
warmest month.

*One heating degree (°F)—day results for each degree that the
daily mean temperature is below the reference temperature of
65°F.

- ~~~~~~~~~~~~
- -  -~~ ~~~~~~~~~~~~~~~~~~~ ~~~~~~
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4.2.3 Transportability

P These modules are manufactured to order , and for local transport are
typically fitted with either skids or wheels , or both. For long distance
transport, the most economic form of transportation would be by sea, al-
though the short shipping season in the Arctic might cause scheduling
problems. However , as discussed earlier , the standard sizes most commonly
employed can be carried within CC—l30 aircraft.

It would be most advantageous- to fully outfit the module in the south
and to begin a crop before shipment.  Normal handling and shi ppi ng procedures
should not adversely affect any of the contents of the module , or the crop
growth. Since the module is essentially self—contained , the only requiremen t
is that adequate exterior ven t i l a t i on  be provided to allow for  s u f f i c i e n t

P cooling within the module , and that there be an appropriate source of
electricity.

5. Costs

Table 2 gives a breakdown of the cost for three sizes of modules:
• one, the maximum length capable of being transported by Hercules aircraft

(39 ft), and two reduced lengths f or comparison purposes (20 ft and
10 ft).

Total capital costs, capital cost per person , and the actual
length available for plant growth are plotted against overall

• trailer length in figures 2 and 3.

The amortized cost Is calculated on a 10 year term at an interest
rate of 9%.

Electrical operating costs have been ign or ed since all of the
• electrical energy is ul t imately converted to heat and this heat

can be stored in a water reservoir and reclaimed later with
a heat pump at any remote location to which the water can be
pumped. Thus, all electrical energy supplied to the module, apart
from that required for its heating , is completely recoverable for
heating purposes elsewhere, and , hence could replace or supplement

P existing heating systems In northern communities.

6. Discussion

The total and per capita costs and usable growth length , as -

functions of overall module length , have been shown in Figures 2 and
P 3. If the module length is reduced to 10 ft from 39 ft , three

significant points are apparent:

a) The capital costs per person Increase almost two—fold ;

F 
b) The length available for plant growth decreases from 72%

P of module length to 50% (approximately a six—fold
reduction in length for plant growth); and
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c) The population served dec reases by 81% whIle the amortized
cost increases by 182%.

- Excluding operation and maintenance~ costs , the lowest amortized
- cost would be $O.8’ per cap 1t~ —week for the 39 ft growth module .
- 

Using the typical consumption rates as shown in Table 1 , the
cost of flying the same quantity of food from the south to the Arctic
as could be produced hydroponicall y Is In the order ~ $0.36 per capita
per week.
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Table 1
• Breakdown of Costs for Flu lug Three Sizes of Growth Modules

for Hydropon ic Food Product (on.

It em Overa l l  Module Length
(It)

1 

39 20 10

Basic Module $10, 100 $5 ,200 $2 ,600

Treinsport~it ion ~.50O S500 $500

Hea t Pump Sys t em $2 ,600 $1 ,900 $1 ,600

Lamps $7 ,700 $ 3,700 $1 ,500

Hydroponic Equipment $2,000 $1 ,800 $1 ,500

• MIscellaneous Controls , $800 $800 $800
Wiring , etc.

Total Capital Cost
4 

$26,290 $lS ,29() $9,350

Capital Cost/Cap ita $28 1 $ 164 $519

• Amort ized Cost/ Cap i t a —
Week $0.85 $ 1.09 $1.55

Length of Module
Available for Plant 28 ft 13 ft 5 ft

• Growth 4 (72~) (64%) (50%)

Population served 93 42 18
_ _ _ _ _ _ _  _ _ _  -

~~ 
i i

p 1 Includes indepsndent heating , minimum lIghting and basic wiring : approx .

$33 per square ft. - 

I

2 $1.40/mile, from factory (Montreal) to OC I EM for outfitting

p 4 includes 10% increase for  escalat ion taxes , etc.

4 Percentage of overall module length in parentheses.

p H

•

_ _ _ _ _ _ _ _  _ _ _ _  
_ _ _
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