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Thermal energy storage system adapted to greenhouse
cultivation in isolated northern communities:

Performances & Lessons learned
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e Located in Kuujjuag (Quebec, 58°N latitude)

* Surface area of 140 m? / Polycarbonate envelope | o

* In 2016, about one ton of vegetables were harvested | LR A arival pipe

(inside the greenhouse)

Cropping soil

Heat storage media:
Rock-bed

Greenhouse

/Itleat transfer fluid:

Air flux

Main problems: (1) The day-night temperature variation is unfavorable to
plant growth and (2) the growing season is short.

Air removal pipe
(inside the greenhouse)

Thermal Energy Storage

=» Thermal Energy Storage!
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Nights below 10°C : 82% in 2017 ; only 24% in 2019
Reduction of the day/night variation

Temperature (°C)

Extending the growing season: yes but... it requires a long-term analysis
(growing seasons are not the same from one year to an other)

Impact on greenhouse air temperature

P. Piché, Optimisation énergétique d’'une serre horticole en milieu circumpolaire. These de doctorat,
Université de Pau et des Pays de I'’Adour, Pau, 2021.

P. Piché et al., « Design, construction and analysis of a thermal energy storage system adapted to
greenhouse cultivation in isolated northern communities », Solar Energy, vol. 204, p. 90-105, juill. 2020

threshold temperatures of the roof) P. Piché et al. « On the way to developing northern greenhouses adapted to population and climate:
energy issues », Arctic Change Congress, Canada, 2017.

* Improve the operation of the TES by changing the control system
(take into account the temperature of the rocks, modify the

* Power the fans with renewable energy (PV panEIS' wind turbmes) D. Haillot et al. « SEQINEQ’ : Développement de serres horticoles adaptées au climat circumpolaire. »

. , , Séminaire annuel de 'OHMI Nunavik, Canada, 2017.
* Install solar thermal air panels to increase the indoor temperature -y - . , G L \
P. Piché et al. « Modélisation thermique d’une serre en milieu circumpolaire : étude initiale. » 26eme

at the beginning of the season and allow water to thaw congrés de la Société Francaise de Thermique SFT, France, 2018.

P. Piché et al. « Design, construction and analysis of a thermal energy storage system adapted to
greenhouse cultivation in isolated northern communities. » International Symposium of Labex DRIIHM,
France, 2019.

| We are still working! And there is still a lot to do! N. Giordano et al. « Shallow geothermal technology as alternative to diesel heating of subarctic off-grid
p | . o autochthonous communities in Northern Quebec (Canada) » EGU General Assembly, online, 2020.
[—/ > ETS/LaTEP collaboration + Paul Piche postdoctoral N. Giordano et al. « Daily and seasonal heat storage for greenhouse food production in Nunavik
fellowship + SIQINIQ (Canadian Arctic) », World Geothermal Congress, Iceland, 2021.
www.polarharvest.com

Outlooks

* Replicate the TES and instrumentation in other communities
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