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On the way to developing northern greenhouses
adapted to population and climate: energy issues
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Introduction

Energetic insecurity and food sovereignty in Nunavik

N (- Increased difficulty to access )

( Isolated territory and off-grid
traditional food

* Harsh climate
+  Strong dependency to petroleum| |~ EXPensiveimported food _.
¢ Demand of fresh vegetables ) > 4

\_ products AN

- Considered solution: development of the greenhouse cultivation

Creation of a French-Canadian team to work on this thematic
integrated in the OHMI

4 laboratories involved: Partners:
Community greenhouse of Kuujjuaq
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Introduction CRASHS =
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».« How to do the best choice ?

/|
\
Heating system, artificial light...

4 months
$ /

“

7

How to increase the growing season ?
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1) Numerical tool et

T =3
UKisiG sunQATIGIT

Why a model ?

Each flux can have a complex expression:
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1) Numerical tool CRASES oo N

How a model work ? Conduction, convection,

radiation,
evapotranspiration

! i
dT .
Input data Energy balance: Pj-h;. Cpj d_t] () = z Q:(t)
TOUt l
RH dP
| o Mass balance :  Cp .— 22 (t) = Z E;(t)
glob é H20  (dt :
Plant species '
Wind speed d[CO,] _ Z
Greenhouse geometry and CCOZ' dt (€)= : ME(®)
thermal characteristics . l
Growing model

Run the
model Output data
Tin
RH.
Need instrumentation — [C(.)n]
1.
Validate the model Energlq/ needed
Plant production
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2) Data acquisition and analysis CAISES o

Instrumentation

e Constraints: weather (humidity, low temperature), cost, distance
between the greenhouse and the internet connection (300m)

T =3
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e Acquisition system using electronic boards which are:
v Cheap, robust, lightweight, small and standardized
v Connected to our website

* Automation in real time of the following data:
v’ Solar fluxes inside and outside the greenhouse
v External temperature and RH
v' Ambient temperature and RH I:[‘;P;;aaﬁ”fe&"e'a”ve Humidity
v" Soil temperature
v" One photo a day

Real Time Clock (RTC)

- W Acquisition card (Arduino)
. Power manager (UPS)
W Motherboard (debian)

Yagi antenna
2.4Ghz
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2) Data acquisition and analysis CAISHS .. &
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Monthly solar energy available
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I Kuujjuaq @ Toulouse (south of France)
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Solar energy (kWh.m™)
8

: & %ﬁh wﬁwwwtgw quzlﬂb“ﬁaﬂ e w‘fw 53 @;:bﬂ 9 ‘mﬂmﬁ p20V! N vﬂcmﬂ qu‘l pﬁgiﬁﬂ
Month
» Strong potential of solar energy
* New data unavailable in the literature

* Data needed to calculate ROl on any solar system (photovoltaic or thermal)
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2) Data acquisition and analysis CAISES . Gt
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Greenhouse temperature analysis

Temperature difference between day and night
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—>Strong AT with an average of 25°C during the growing season
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2) Data acquisition and analysis Arctic

Change 2017
Greenhouse temperature analysis

35 T T T T T T
30 - : i
Optimal temperature
Excess range for cultivation
B F
2 Objective: to store the '
g2 heat of the day... ..toreturn it by -
‘;c’n. night
ﬁ 15 v
-/ Deficit
10 ~ —
5 | 1 | | | | | | | | | |
. .AQ . . A0 920
050736/ 0 05-01-16113'& 35-91—16111 » 050736/ 2w 06,01.1610?“1 G&m.ﬁ'l“ﬁ‘?‘

Date

- Use of thermal storage system (water, rock, PCM, geothermics...)
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Conclusion and outlook CAISES o
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Run and
validate

Help gardeners to
create or improve
their greenhouse

Increase northern
greenhouse
knowledge

Summer 2019
Implementation —»
of technologies
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