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1. _Introduction
The Québec Northern Territory (TNQ) begins north of the 49th parallel and extends north of the St. Lawrence
River and Gulf.' The Northern Regional Energy Ecosystems (EERN) are based on carbon-efficient innovations
with a low environmental footprint. The EERN also seek to ensure basic services such as housing, food, health,
and education for the TNQ's 63 communities, of which 31 are Inuit, Cree, Innu, and Naskapi—representing
one third of the 130,000 residents. The TNQ's food systems do not adequately meet population needs, and

food insecurity rates are the highest in the province, especially in Indigenous communities.? This situation
2
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stems primarily from political, economic, and social factors linked to the colonization of the TNQ,
compounded by distance, climate change, and inadequate infrastructure.3*

According to the Northern Action Plan (2023-2028), food security is the main justification “to continue
developing greenhouse projects adapted to the climatic conditions of northern communities.” Greenhouses
are plant production infrastructure designed to capture heat and control climate parameters, thereby creating
a more favourable microclimate and extending the growing season. They produce fresh fruits and vegetables
that help meet part of the TNQ population’s nutritional needs. Their role must be considered in synergy with
other modes of indoor and outdoor production as well as traditional food sources such as hunting, fishing,
and gathering. Greenhouses also promote education and strengthen social ties by providing spaces for
meeting and learning.® During consultations held in four municipalities in Eeyou Istchee James Bay,
participants expressed a desire to equip their communities with greenhouses and to acquire the skills required
to operate them.” In this synthesis, we will review the state of knowledge and key factors so that northern
greenhouses can rise to the dual challenge of contributing to the TNQ population’s basic needs in food,
health, and education, as well as the decarbonization of their food systems.

Depending on soil and climate conditions and local history, different forms of plant production are practised.
Outdoor crops have been and continue to be grown as far north as Chisasibi, above 53°N.8 Indoor cultivation
is also conducted in container farms® such as those in Kuujjuaq'® and Inukjuak.'" We identified 44
greenhouses in the TNQ'% 6 in Nunavik, 9 in Eeyou-Istchee James Bay, and 29 in the Cote-Nord region. Based
on agreements between local partners, various distribution systems have been implemented: 45% rely on
sales, while the rest distribute produce free of charge to gardeners or community organizations. Indeed, only
9 of these greenhouses are owned by private or family businesses; the majority are community-based or have
a social mission. They contribute to the production of local, high-quality, and affordable food, to strengthened
social connections, and to greater collective capacity.® They also promote reintegration and the creation of
local jobs.™ Gardening itself can contribute to users’ health and well-being, though few studies have
explored this from the perspective of First Nations or Inuit communities.' The educational mission is broadly
shared; this is the primary role of greenhouses managed by school institutions.® Several community
greenhouse projects also actively take part in research programs,’®'” and two greenhouses are directly
managed by research institutions.'®' To fully assess the contribution of northern greenhouses to
decarbonizing food systems, it is essential to consider the specific governance of these projects so as to
mobilize communities, respect their right to self-determination, and ensure the sustainability of their food
systems initiatives.

Northern greenhouses: Knowledge review 3



2. _Greenhouse Project Governance and Sustainability

Ensuring the long-term sustainability of projects is a central component of decarbonizing food systems, to
offset the financial impacts of installing infrastructure and to maximize long-term benefits for communities.

2.1 Social Entrepreneurship

Social entrepreneurship (SE), which aims to create social value,? is particularly prominent in TNQ greenhouse
projects because traditional agricultural entrepreneurship is often not viable and because these projects
provide a wide range of social services within communities.® SE plays a crucial role in revitalizing northern
communities, which often face economic decline and geographic isolation.?™?? This isolation, along with
limited support ecosystems, represents a barrier to developing commercial agri-food businesses.?*2°
Collective decision-making also has deep cultural roots, particularly in Nunavik, reflecting the central role of
cooperatives in the region’s economy.?%?’ Despite the dynamism of SE, a dual challenge exists: increasing

628 and strengthening managers’ capacity for action through

community members' involvement in projects
the participation of administrations, non-profit organizations (NPOs), and businesses that support their
work.22 Examples include regional health boards 2°3! that help finance certain food-related initiatives, or

Hydro-Québec, which guarantees the purchase of a portion of Radisson’s greenhouse production.?

2.2 Importance of Managers

Northern greenhouse projects face significant management challenges, mainly due to the heavy workload
borne by a small number of often-isolated individuals.>* Agri-food projects often emerge thanks to the
determination of “champions”3*—highly motivated individuals who succeed in rallying their community
around a project. These individuals represent an important driver of development, helping to spread both
skills and knowledge,*® as illustrated by the role of the Gaia solidarity cooperative®® in developing agriculture
in the TNQ. However, these individuals risk burnout,® and their departure often jeopardizes the sustainability
of projects if no one replaces them or if the transfer is poorly managed.'*3’ Support that is tailored to local
contexts and rooted in culture, while fostering individual engagement and leadership within collective

dynamics, is essential to sustaining these initiatives.?*38

Hiring managers to ensure the proper functioning of infrastructure is a factor that supports project
sustainability. However, the shortage of trained agricultural workers, high staff turnover, and lack of funding
make recruitment difficult, especially for community projects in remote northern communities.® Involvement
of community members in governance (boards of directors, cooperatives) and in project activities (collective
work, social gatherings) strengthens sustainability, since it reinforces a sense of responsibility and ownership
over the infrastructure.3®3° Citizen mobilization within projects, however, remains a challenge, especially when

the people leading the projects are not originally from the target communities.”#041

2.3 Long-Term Funding Beyond Start-Up

Community projects depend heavily on stable funding and a favourable regulatory environment. Most of
these organizations lack the revenue required to cover the salary of a manager and the operating costs of a
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greenhouse.® At the start-up stage, the social mission of these projects often provides access to grants that
can fund infrastructure—costs that would be difficult, if not impossible, to offset through revenues from
product sales alone. Over time, a manager's salary is covered mostly through social activities, funded by
grants, service revenues, or drawn directly from the organizations’ mission-based operating budgets.
Initiatives supported by a strong network of local partners are more financially stable and better aligned with
community needs. Strategic collaboration with governments, research centres, and businesses is essential for
the sustainable development of greenhouses, ensuring that they meet community needs while supporting
their long-term viability.'*334%43 In several communities, it is the involvement of local governments (band
councils, local administrations, municipalities) that ensures the start-up, coordination of initiatives such as
community food development plans,* and the funding of employees.™

2.4 Research and Innovation In the TNQ Context

The involvement of First Nations and Inuit remains insufficient in both research and governance linked to
food systems and climate change adaptation,®* despite increasing awareness within academic and
institutional settings. This undermines the engagement of these communities in innovative northern
agricultural projects.3® Such projects are often perceived as colonial initiatives that fail to meet community
needs. Establishing trust-based relationships is essential in Indigenous research contexts.*® Several research
approaches have been documented,*” such as “research as ceremony,”* the “two-eyed seeing” approach,*
or conducting research “in a good way.”® However, these methods remain almost non-existent in the
scientific literature in the fields of engineering, energy, and infrastructure development.*’

Trust-based relationships and democratic governance are equally important for the non-Indigenous
communities of the TNQ. Collaborative innovation approaches for the entire TNQ include “living labs,” which
allow local actors to steer research so that it responds to their needs.>"? This approach is also relevant in
supporting regions in sustainable EERN transition, provided that the living labs remain centred on people
and their local contexts, with the aim of building their skills.>> Co-construction approaches described as

“situated”>*>° "56

and “community-based”* are also particularly relevant for analyzing regional features and local
agri-food initiatives.?' It is equally important to promote collective discussion processes such as consensus
decision-making,®’ as well as dialogue as a method of knowledge transmission' in research projects with

both Indigenous and non-Indigenous communities.

Northern greenhouses: Knowledge review 5



3. How Greenhouses Help Decarbonize Northern Food Systems

The colonization of Canada’s northern territories shaped both the food systems and energy supply of
Indigenous and non-Indigenous communities.* In the TNQ, food systems are dominated by imports, with a
smaller and variable contribution from hunting, fishing, gathering, and local production.®®° For example, a
study in James Bay reported that 91.2% of respondents obtained food from the local grocery store; 57.1%
shopped outside their community; 50.9% engaged in hunting, fishing, and/or gathering; and 40.3% practised
gardening.®’ The sedentarization of Indigenous communities and the establishment of non-Indigenous
settlements came with the construction of permanent infrastructure, leading to the use of diesel generators
and fuel-oil heating systems.>® Today, 18 TNQ communities are not connected to the electrical grid, including
15 in Nunavik, which increases their reliance on fossil fuels. Overall, the TNQ lies at the very end of global
food distribution chains, which have a high energy footprint due to intensive use of fossil fuels, fertilizer
production, transport, and food preservation.*'6?

There is little available data on greenhouse gas (GHG) emissions associated with TNQ food systems. A 2018
study estimated that transporting food from distribution centres to Nunavik generated 1.8 kg CO2eq per
kilogram of vegetables.*’ It is well established that transporting food to northern communities contributes to
the environmental footprint of the food system significantly, due to the remoteness of production and
distribution centres. However, the lack of data on food production and processing, dietary patterns, and waste
management prevents a comprehensive GHG emissions assessment for the northern food system 384158

Local greenhouse production could help reduce dependence on imports, and in turn, the GHG emissions
linked to food transport. On average, greenhouse production in southern Québec generates 3 kg CO2eq/kg
of fruit and vegetables and 1.3 kg CO2eq/kg of leafy vegetables. Heating is the main contributor, accounting
for about 68% of GHG emissions in greenhouse production. Using propane raises emissions to 4.9
kg CO2eq/kg of fruit and vegetables. Renewable energy reduces emissions to 1.1 kg CO2eq/kg of fruit and
vegetables for electricity-based heating, and 1.6 kg CO2eq/kg of fruit and vegetables when heated with
biomass.®* This highlights the importance of designing greenhouses that require less heating or that
incorporate technologies to improve energy efficiency. That said, the lack of data on other significant factors,
such as infrastructure and input supply, limits the ability to produce a full GHG emissions assessment of TNQ
greenhouse production.

In northern regions, however, local food production is about more than reducing dependence on imports
and lowering carbon footprints. Above all, it provides fresh produce that residents would otherwise not have
access to. Long supply chains and difficult transport conditions mean that some foods never reach the TNQ,
or if they do, they arrive unfit for consumption.?* In this sense, local production contributes to the right to
food by giving people access to healthy, fresh, and affordable food.'®

Northern greenhouses: Knowledge review 6



4. Climate Control and Energy Efficiency in Northern Conditions

Greenhouse production enables the control of certain climate parameters and the protection of crops
from adverse weather such as early or late frosts and strong winds. Climate control is central to greenhouses’
contributions to the EERN in helping limit GHG emissions.

41 Climatic Conditions

Climatic conditions affect both the type of greenhouse structure that can be built and the costs of heating or
the length of the growing season in the case of an unheated greenhouse. For example, in 2023 the frost-free
growing season lasted about four months in Québec City, compared with three months in Havre-Saint-Pierre
or Chibougamau, and just two months in Kuujjuag. It is worth noting as well that the coldest temperatures
recorded were —42.8°C in Kuujjuaq and —34.1°C in Québec City.* Levels of solar radiation also affect the
passive heat gain and solar capture capacity of greenhouse structures. For instance, day length at latitude
47.30° is about 15.6 hours on June 21, compared with 22 hours at latitude 65° on the same date. In midwinter
(December 22), the reverse occurs, with only 8.3 hours and 3.3 hours, respectively.®> These environmental
parameters must be considered in planning any year-round greenhouse production.

It should also be noted that both current and future climate change will profoundly modify northern growing
conditions, likely extending the production season and increasing yields.®® Based on the degree-day
requirements for cereal crops, research has estimated that by 2100 the climatic limit for cereal production
could shift northward by an average of 500 km, and up to 1,200 km in some regions.®” While this overall
increase in degree-days generally represents an advantage for both outdoor and greenhouse northern
production, greenhouse climate management in the TNQ will also need to anticipate increasingly frequent
heatwave episodes, such as during the summer of 2023°% when temperatures in the Radisson greenhouse
stayed above 30°C for several weeks.

4.2 Climate Control and Energy Efficiency
Optimal temperature settings are based on light availability and the type and growth stage of the crop
(vegetative versus generative). In the TNQ, passive heat accumulation within greenhouses is limited,
depending mainly on solar radiation and outside temperatures. Energy efficiency refers here to reducing the
amount of energy (especially fossil or non-renewable forms) required for agricultural production.®® To limit
the energy footprint and heating demands of northern greenhouses, it is essential to prioritize greenhouse
structures and technologies that reduce heat loss, maximize solar radiation capture, and enable energy
storage. Adopting crop management practices adapted to unheated or minimally heated greenhouses is
another option consistent with the principle of energy efficiency (see Section 5.2 Crop management).

However, supplemental heating is often indispensable for ensuring favourable climatic conditions beyond
the summer season, making a focus on low-carbon heating sources essential.

Northern greenhouses: Knowledge review 7



4.2.1 Maximizing Solar Gain And Reducing Heat Loss

Greenhouse orientation, geometry, and type of cladding directly affect solar gain and heat losses. Some
removable technologies can also be used to limit heat loss.

Regarding orientation, the optimal direction depends on the intended production period. For year-round
greenhouses, an east-west orientation, with the long side facing south, maximizes solar capture in winter.%%7°
By contrast, for summer-only production, a north-south orientation is generally preferred.”’ Site selection
must also consider protection from prevailing winds (and the possible use of windbreak hedges), which
significantly influence convective heat loss through greenhouse walls.”

Among single-span greenhouses, five geometries tend to be studied the most: quonset, vinery, modified-
arch quonset, and symmetrical or asymmetrical gable-roof types.®’%73-> Most of these models already exist
in the TNQ, but few studies have focused on their energy efficiency.”® Regardless of latitude, asymmetrical
gable-roof greenhouses capture the most radiation, while quonset greenhouses capture the least.”*’’
However, greater thermal losses in asymmetrical gable-roof models make them less efficient overall.” Existing
geodesic dome greenhouses in the TNQ® better distribute loads and withstand wind, but they are more
complex to build, pose sealing issues, and are not well suited for large surface areas.”® The passive solar
greenhouse (also known as a Chinese greenhouse) is another interesting model, consisting of a solid north
wall to reduce thermal losses (through radiation and conduction/convection) while maintaining solar gain.’”>7
Such walls also store excess daytime heat and release it at night88" While showing strong potential for
energy efficiency, there are, to our knowledge, no passive solar greenhouse models with insulated north walls
in the TNQ.”® Commercial availability of structures is a determining and sometimes limiting factor for
innovation in greenhouse geometry. More simulation-based and experimental studies would be useful to
inform design choices in this area.

Greenhouse cladding, necessarily translucent, is usually made of glass, rigid plastic, or polyethylene film.”* For
optimal heat performance, cladding materials should have high transmittance for visible and ultraviolet
wavelengths, but low transmittance for infrared.”®> Their resistance to radiation-induced opacity over time
should also be assessed.” Choosing cladding with good thermal resistance, or using double-layer coverings,
also reduces heat loss.®? Polycarbonate is among the most thermally efficient materials; double layers reduce
heat loss by 30-35% compared with glass greenhouses.”?> Possibly due to cost, the most common model
among diversified vegetable growers in Québec is the double polyethylene layer.”" Finally, thermal blankets
or screens, often installed along the walls, can reduce heat loss by at least 20%, especially at night.5%7282 This
approach has also been adapted in low-tech single-span greenhouses for diversified vegetable production,

ensuring fall and winter leafy green crops in Québec.8384

4.2.2 Maximizing Energy Storage

Storage systems can be used to maintain thermal conditions in greenhouses despite drops in temperature.
They operate on the principle of capturing heat when it is warm (during the day, or more seasonally during
summer) and then releasing it when it is colder (at night or in winter).”>’#> Most systems use sensible heat
storage. Other methods, such as latent and chemical storage, exist but are not yet commercialized, and their
use would involve handling potentially polluting residual materials.’®"’

Northern greenhouses: Knowledge review 8



Sensible storage systems can be passive, using volumes of water (in barrels or ground-level reservoirs), rocks
(built into a wall or other elements of the greenhouse), or masonry.”>’® Active storage systems also exist, such
as soil storage or rock-bed systems (a bed of rocks placed under the crops). In these systems, a heat-transfer
fluid circulates through the soil or between the rocks.””# Such systems are already being used successfully
in single-span greenhouses in Kuujjuaq and Radisson.”®

By combining different methods of passive heating, solar capture, and insulation, annual heating demand
could be reduced by as much as 50% in southern Québec.?

4.2 .3 Alternative Heating Sources

Supplemental heating is sometimes necessary in greenhouses. Since heating accounts for 65% to 85% of
total energy use, the choice of energy source has a major impact on the carbon footprint of production.”?
Data from greenhouses in the TNQ are incomplete, but about one third of recorded heating systems run on
fossil fuels (propane or fuel oil).’® The rest rely on electricity, biomass, or geothermal energy.”®

Several renewable or low-carbon alternatives are already in use or under development. One promising option
is the recovery of industrial waste heat, which is already being successfully implemented in the TNQ. For
example, the only year-round commercial greenhouse in Chapais is heated by steam from a cogeneration
plant.”® Biomass heating is another suitable option in regions like the TNQ where forestry residues are
abundant. This well-established method is used by both small and large greenhouse operations.?8” Another
renewable source is solar thermal energy, which is used to heat water or air that is then recirculated in the
greenhouse.8 Wind energy could also be used, but it would need to be combined with other energy sources
to ensure a stable supply.8® Heating electrification is another alternative being promoted and subsidized by
the Québec government, enabling the adoption of energy-efficient technologies such as heat pumps.®
However, this is not a viable option for large parts of the TNQ where hydroelectric power is unavailable.?
Geothermal heat pumps (GHPs) harness underground heat to warm or cool greenhouse air. A techno-
economic assessment of GHPs in northern conditions found that, while the upfront installation cost is high,
their low operating and maintenance costs and significant reductions in GHG emissions make them highly
suitable for this production context.®’ In fact, a simulation of greenhouse heating in Kangigsualujjuagq showed
that GHPs could reduce fuel oil consumption by 40%.%% Several alternative heating sources are therefore
available, but technical and scientific support is essential to ensure that they are operationally feasible,
energy-efficient, and sustainable over the long term.

4.3 Light Management

Plant growth depends largely on the amount and quality of light received. In agriculture, light is often
measured as photosynthetically active radiation, or Daily Light Integral (DLI), which is the amount of radiation
received in moles of photons per square metre per day (mol/m?/day) at wavelengths between 400 and 700
nanometres.®> A DLI of 8 mol/m?/day is often considered the minimum required for certain leafy vegetables
such as spinach and lettuce.’* At the other extreme, continuous 24-hour light exposure can either support or
hinder growth, depending on the crop species and the quality of light, with responses varying widely.>>%
Current research is mostly based on trials conducted under artificial lighting, which limits how directly results
Northern greenhouses: Knowledge review 9



can be applied in northern environments. Adding artificial lighting during dark periods, and using shading
systems during the summer, could help optimize the amount of light received by crops throughout the year.

Northern greenhouses: Knowledge review 10



5._Greenhouse Crop Management in Northern Conditions

5.1 Soil and Growing Substrates
5.1.1 Soil Conditions

Very few soils in the TNQ have been characterized from an agronomic perspective. Northern soils are usually
classified as podzols, retisols, cambisols, histosols, cryosols, or andosols, with podzols being the most
common.”” In the zones that have been studied in the Céte-Nord region, ferro-humic podzols dominate, with
mesisols and humisols (organic soils) found along the shoreline.”® Podzols are low-fertility soils characterized
by acidic pH, low phosphorus content, and a sandy texture that limits their ability to retain water and
nutrients.*® Turbic cryosols, found for example in Kuujjuag, are mineral soils containing permafrost within the
first two metres of the surface, with structures reshaped by freeze-thaw cycles.’® Cultivation is possible on
soils with discontinuous permafrost and is already practised in places such as Alaska.’' However, special care
must be taken when cultivating these lands, since they are highly vulnerable to subsidence following thawing
and drying.¢

5.1.2 Amending Native Soils and Producing Growing Substrates

When possible, it is preferable to use local soil instead of importing growing substrates, in order to reduce
both the economic and environmental costs associated with greenhouse projects.®® However, soils with low
horticultural potential require extensive interventions and amendments to improve their chemical, physical,
and biological properties and ready them for cultivation.®® For podzols, parameters such as acidity, cation
exchange capacity (CEC), and organic matter content must be addressed on the chemical side, while water
retention is a key physical factor. For biological conditions, commonly used indicators include overall
microbial activity, microbial biomass, and taxonomic and functional diversity.'% Some researchers also
suggest that nematodes—key elements in the soil food web—are strong indicators for tracking the

agronomic potential of northern soils.’®

Adopting soilless cultivation is an attractive alternative, especially in areas with cryosols. Raised-bed
cultivation with organic substrates is already being applied in several northern agricultural initiatives that aim
to approach organic farming standards.® However, the vast majority of substrates are imported, adding to
both ecological and economic costs. Very few studies have explored the production of substrates using local
northern materials.® Sustainable substrate production requires that raw materials be chosen based on
available local organic or inorganic resources as well as residual materials from nearby industries and the
availability of local equipment and processing capacity.’® Currently, organic greenhouse substrates are
dominated by peat. Although it is affordable, effective, and available in northern regions, peat is non-
renewable and has a high ecological footprint due to its biodiversity impacts and associated GHG

emissions. 10

Several locally available materials show strong potential as soil amendments or as components of growing
substrates. The use of wood by-products (e.g., bark, fibre, ash, biochar), manure, industrial or municipal
sludge, fishery waste, agri-food residues, and biomass from native plants are all promising alternatives to
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explore as substitutes for peat.’%1% |t is also essential to select conditioning methods for these inputs that
minimize both energy and environmental costs, and to ensure that the technologies used are suited to the
needs and capacities of local users. Using raw inputs, or materials that have undergone only simple processing
such as shredding or secondary transformation such as composting, are options to prioritize, since they are
inexpensive and relatively easy to implement in remote regions.’® When importing materials is necessary,
preference should be given to renewable and compressible products to reduce both economic and
environmental costs.

Below, we outline several examples of raw or processed resources identified in the literature that have good
potential in northern greenhouse contexts.

Residues from the forestry and pulp-and-paper industries are among the main resources available in the
TNQ. A 2020 study on the Cote-Nord region estimated potential biomass availability at 882 kt/year from
forestry, 64 kt/year from agriculture, and 37 kt/year from residual materials for bioenergy production. In
Northern Québec, estimated availability was 976 kt/year from forestry, 35 kt/year from agriculture, and 37
kt/year from residual materials.’® Shredded branches or sawdust have a high carbon-to-nitrogen ratio, which
slows decomposition and can immobilize nitrogen, making it less available to crops when incorporated into
soil. Composting bois raméal fragmenté (BRF; ramial chipped wood) is a promising alternative. Trials in
northern conditions (Opitciwan at 48°N) successfully produced a suitable substrate for basil cultivation by
composting BRF from green alder (Alnus viridis subsp. Crispa). Using fungi for conditioning also has the added
benefit of producing a secondary harvest of mushrooms for food or medicinal uses.’® Wood ash, a major
by-product of the pulp-and-paper industry, contains 25-60% calcium carbonate and is typically used for its
alkalinizing properties.”’® Numerous studies have shown that paper mill sludge can improve multiple physical,
chemical, and biological soil properties. Its use can increase soil organic matter, reduce bulk density,
strengthen aggregate stability, and improve water retention across different soil types and textures.”'" A study
on northern podzolic soil found that sludge not only raised soil pH but also increased microbial biomass and

respiration.'

Biochar is a material produced from plant biomass through pyrolysis, that is, the carbonization of residues at
high temperatures (400°C to 800°C) in the absence of oxygen. Its high carbon content (50% to 90%) and
recalcitrant nature make biochar an excellent amendment for carbon sequestration.'™ This carbon can remain
stable in soils for 400 to 1,000 years."" Biochar can also be used to increase soil pH, improve water and
nutrient retention, enhance soil porosity, and stimulate microbial activity. Due to its black colour, it can even
affect albedo and help warm soils.”'?1411> However, the optimal application rate and frequency, the choice
of feedstock material, and the production method for specific functions remain open questions in northern
conditions.

Residues from commercial fisheries can also be used as soil amendments and fertilizer resources. In 2020,
5,181 tonnes of products were landed from marine fishing in the Upper and Middle Coéte-Nord and 5,260
tonnes in the Lower Cote-Nord, representing 22% of the province's total catch that year."® To our knowledge,
the availability of residues in the TNQ, in terms of both volume and distribution, has not yet been quantified.
Fish residues are rich in proteins and lipids, while shellfish residues contain 20% to 40% protein, 20% to 50%
calcium carbonate, and 15% to 40% chitin, which is another source of organic nitrogen that can be used for

Northern greenhouses: Knowledge review 12


VP
Keep this French/English term for a Canadian invention.


its fertilizing and biostimulant properties.”” Anaerobic digestion, fermentation, composting, pyrolysis,
enzymatic hydrolysis, and drying are among the methods evaluated for treating fishery by-products.””
However, the potential for high concentrations of heavy metals, salt, and microplastics requires monitoring
and proper treatment before these residues can be used. Their recovery as agricultural amendments offers

an environmental advantage for both the fishing and agricultural sectors.’1?

The recovery of household food waste is also an interesting option, particularly for community greenhouse
projects. At present, several composting initiatives are already underway in northern communities. However,
basic conditions such as reaching sanitizing temperatures (>55°C), maintaining water content between 40—
60%, and ensuring aerobic conditions through regular turning and the addition of a structuring agent to
allow air circulation™ are sometimes difficult to achieve with current composting systems. Government
initiatives have supported the installation of industrial composting facilities in several northern

communities.'?1122

A more geographically detailed inventory, covering a broader range of potential inputs, would be needed to
better define the resources available, depending on the location of the agricultural initiative and its soil
amendment requirements. Experimental trials should also focus on making use of available local raw materials
and low-carbon inputs while developing conditioning processes that require minimal equipment and
infrastructure accessible to local communities. The goal is to produce effective and sustainable soil
amendments and horticultural substrates adapted to northern contexts.

5.2 Crop Management
5.2.1 Crop Choice

Most of the crops typically grown in greenhouses on vegetable farms in southern Québec are currently
cultivated during the summer season in the TNQ.>”" The choice about which species to grow must be based
on local agropedoclimatic and cultural contexts, the type of greenhouse infrastructure, the available heating
capacity, the level of technical expertise, and the availability of individuals involved in production, among
other factors. When prioritizing energy efficiency, unheated or minimally heated greenhouses outside the
summer season represent a potentially effective option. However, this is only feasible for a limited number of
crop types, which do not always align with community food preferences.®® Certain leafy greens, especially
Asian crucifers such as mizuna, komatsuna, and bok choy, are well-suited to this method.’®®* Greenhouse
production could also ensure a year-round supply of native perennial crops such as Qungulit (mountain sorrel,
Oxyria digyna (L.) Hill), a plant traditionally harvested by Inuit, which is already cultivated in greenhouses and
containers in places like Inukjuak and Kuujjuaq.®

The development of northern agri-food systems cannot occur without the consideration and involvement of
local communities, both to ensure that production meets their needs, interests, and tastes, and to address
regional food sovereignty. Elsewhere in Canada, some First Nations have worked to identify the needs and
priorities of the agri-food sector, as in the Northern Agriculture Futures project led by the Ka'a'gee Tu
community of Kakisa in the Northwest Territories* Apart from the food security strategy for Inuit
Nunangat,'* we are not aware of comparable work being undertaken in Québec, or at least not publicly.
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5.2.2 Cultivar Choice

Very few, if any, vegetable varieties have been specifically developed for the northern Canadian context.*?
Choosing an adapted cultivar is nonetheless a key factor in successful production, as it helps farmers manage
diseases, weeds, and climatic conditions specific to their context.’® It is for this reason that varietal trials and
farm-based selection projects are carried out annually in southern Canada and the United States.’?®1%” As
previously discussed, the TNQ's unique agropedoclimatic conditions necessitate specific varietal selection
efforts. This is also true for greenhouse production, which although protected, continues to be shaped by
distinctive regional conditions such as soil characteristics, light availability, and choice of inputs. In fact, many
northern regions around the world have already developed their own genetic selection programs for crops

of agricultural interest.'28129

5.2.3 Fertilization Practices

The physical, chemical, and microbiological properties of native soils affect nutrient availability, particularly
phosphorus and the mineral forms of nitrogen most commonly absorbed by plants.’ In organic greenhouse
production, most nitrogen in fertilizers is organic, meaning that plant nutrition depends on microbial activity
for ammonification and nitrification.”™® Some of the mineral nitrogen also comes from organic matter
decomposition.”™" In northern soils, where microbial activity is reduced and organic matter content is either
low or resistant to decomposition, the fertilization guidelines commonly used in Québec are probably not
applicable.”13% These guidelines must therefore be adapted to assess external inputs of N-P-K and
micronutrients, as well as the timing and frequency of applications, in order to maximize crop productivity
while minimizing environmental losses. There is also a need to develop fertilizers that are specifically suited
to northern conditions.’*

5.2.4 Pest Management

Greenhouse production requires close monitoring of insects and crop pests, along with the capacity to
respond quickly to limit damage and ensure satisfactory production levels. Greenhouse production in
northern regions is affected by many of the same pests and plant health issues as those seen further south,
although there is very little documentation on the subject. ¢ Despite the geographic distance, plant diseases,
insect pests, and weeds can still be introduced through food products, seedlings, growing inputs, or other
vectors. The remote context of northern production makes pest management especially challenging.
Ecological greenhouse production relies heavily on biological control, which involves introducing natural
enemies (predators of pests) to control harmful insects.'® Accessing these commercially sold predators is
particularly difficult given the distances involved. Conservation biological control, which aims to encourage
natural enemies already present by protecting their habitats, is another crop protection technique applied in
greenhouses.'*® However, to our knowledge, there has been no systematic inventory of pest and disease
problems currently observed in northern greenhouses, nor of the natural predators present and their
potential effectiveness in northern greenhouse production systems.
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6._Sharing and Sustaining Knowledge

Decarbonizing northern food systems requires the development and transmission of knowledge so that
communities can master techniques and technologies and ensure the long-term viability of projects.

6.1 Poorly Adapted Training Opportunities in the TNQ

In some northern or Indigenous communities, agricultural knowledge has been lost or does not correspond
to traditional food procurement practices.”** Many TNQ greenhouse projects include workshops with
elementary and secondary school classes. These activities are designed to promote healthy lifestyles™” 138 but
also to build local gardening knowledge and generate interest in food cultivation.'

Research on the impact of school-based gardening programs remains limited. Online resources do exist, but
there is little pedagogical content tailored to the specific pedoclimatic and sociocultural contexts of the TNQ.
Accessing this information and putting it into practice remains a challenge.®'*° Effective knowledge transfer

140

and dissemination must be culturally adapted for each community'® and integrated into reconciliation

efforts.’™" In Indigenous communities, incorporating Indigenous languages and knowledge is a priority,'#
as is using traditional learning processes such as hands-on experimentation, observation, and imitation.’°
More broadly, several factors make knowledge transfer easier in community organizations: connecting
learning to lived experience, spreading the process out over time to establish trust, emphasizing practical

content that matches local needs, and ensuring the support of a social network around the learner.™

6.2 Knowledge Transfer for Project Sustainability

Greenhouse management requires specialized expertise.® One strategy used in a number of communities is
to bring in external staff to start greenhouse projects or manage production.3® While no study has examined
the impact of these external hires on local capacity-building in the TNQ, the “networked rural development”
approach suggests that skills need to be generated locally but enriched through interaction with external

knowledge.*

Currently in the TNQ, basic training is sometimes provided by suppliers at the time of greenhouse installation.
Organizations also offer agronomic and organizational support both remotely and through on-site
visits. 36145146 However, the length of this support depends on funding, making long-term collaboration
difficult.

Virtual professional training could greatly reduce travel costs and GHG emissions across the vast territory of
the TNQ. However, this format alone is not sufficient to provide culturally adapted training or to transmit
technical skills. To offer complete and engaging training, diverse methods are recommended, including
collaborative learning approaches, the indigenization of training content, and methods that build

socioprofessional integration skills.™

In the Cote-Nord region, the Baie-Comeau adult education centre, in collaboration with the Gaia solidarity
cooperative, recently began offering a semi-specialized vocational training program for agricultural labourers
in horticultural production.”” New models adapted to northern realities are also emerging, such as the

Northern greenhouses: Knowledge review 15



Ikajurtigiit solidarity cooperative, which supports apprentice carpenters in Nunavik by allowing them to
accumulate hours toward obtaining their journeyperson certification.'®
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7. Conclusion

Northern greenhouse production offers strong potential for innovation in helping to decarbonize food
systems in the TNQ. Greenhouses can play a central role within the Northern Regional Energy Ecosystems
(EERN) by contributing to essential services such as food and health, including healthy lifestyles and mental
well-being. They can also serve as safe spaces for learning and social interaction, especially when paired with
community kitchens.

Heating requirements, along with the need to import soil and other inputs, are the main environmental
impacts of greenhouses in the TNQ. Solutions are within reach to reduce these impacts by designing energy-
efficient greenhouses that use storage systems, producing inputs and growing substrates locally, and
promoting low-input agriculture through agronomic practices adapted to northern conditions. Ultimately, to
ensure their environmental benefits over the long term, greenhouses must remain productive.

The key to long-term sustainability lies in the hands of northern community members themselves. Since
community organizations are the primary drivers of innovation projects, it is essential that future research
and development be directed by them, in both Indigenous and non-Indigenous communities. Only that
approach can ensure development of the North, for the North, and by the North, in a way that respects the
rights to food and self-determination.

Seedling workshop organized by Solidarité alimentaire Matagami (CISA, 2023)

Northern greenhouses: Knowledge review 17



References

10.

11.

12.

13.

14.

15.

16.

Gouvernement du Québec. Territoire nordique québécois. Accessed July 31, 2024.
https://www.quebec.ca/gouvernement/portrait-quebec/territoire-nordique

Lachance M. La sécurité alimentaire dans le nord du Québec dans un contexte de relance du Plan Nord.
Mémoire de maitrise. Université de Sherbrooke; 2017.

Bodirsky M, Johnson J. Decolonizing Diet: Healing by Reclaiming Traditional Indigenous

Foodways. cuizine. 2008;1(1):0-0. doi:10.7202/019373ar

Loring PA, Gerlach SC. Searching for Progress on Food Security in the North American North: A Research
Synthesis and Meta-analysis of the Peer-Reviewed Literature. Arctic. 2015;68(3):380-392.

Gouvernement du Québec. Le Québec nordique, au coeur de notre avenir. Plan d'action nordique 2023-
2028.; 2023. Accessed July 25, 2024. https://www.quebec.ca/gouvernement/politiques- orientations/plan-
action-nordique

Valls-Fox H, Roy A, Riel C, et al. Laboratoire Nordique, Un Projet d'innovation Sociale et Technologique

En Agroalimentaire: Fiches Pratiques et Résultats de Recherche ». Centre d'innovation sociale en
agriculture, Cégep de Victoriaville; 2024.
https://www.cisainnovation.com/fr/publications/80/laboratoire-nordique-fiches-pratiques-et- resultats-
de-recherche

Roy A, Valls-Fox H, Paradis NT, Badji PO. Evaluation des besoins de communautés du Nord-Du-Québec sur
une production agricole nordique. Centre d‘innovation sociale en agriculture du Cégep de Victoriaville,
FaunENord et Centre d'entrepreneurship nordique; 2024.
https://cegepvicto.sharepoint.com/:b:/s/cisa/ET53jH8loYIGo34LBiYWiYwBS5a33DbaH7juYK6AVVKIi
_Q?e=SX51r0

Parent E. Food Is Power: agriculture, jardins et réconciliation avec les Cris de Chisasibi. ciera.
2021;(19):16-41. doi:10.7202/1077728ar

Natcher D, Ingram S, Solotki R, Burgess C, Kulshreshtha S, Vold L. Assessing the Constraints to the Adoption
of Containerized Agriculture in Northern Canada. Published online 2021. Accessed July 22, 2024.
https://www.frontiersin.org/journals/sustainable-food- systems/articles/10.3389/fsufs.2021.643366/full
Société Makivvik. Serre-conteneur hydroponique a Kuujjuaq permettant la culture de fruits et Iégumes
au Nunavik. LP<4"* - Makivvik. 2018. Accessed August 1, 2024. https://www.makivvik.ca/fr/kuujjuag-
hydroponic-container-growing-fresh-produce-in-nunavik/

Staes-Lévesque CN, Thibeault I. Pirursiivik: I'eau, I'art et la communauté comme forces de développement.
One Drop. 2021. Accessed August 1, 2024. https://www.onedrop.org/fr/nouvelles/pirursiivik-leau-lart-et-la-
communaute-comme-forces-de- developpement/

Valls-Fox H, Lelier M, Teillot M, Desrosiers M. Recensement des serres du territoire nordique québécolis.
Centre d'innovation sociale en agriculture, Cégep de Victoriaville; 2024.
https://www.cisainnovation.com/fr/publications/81/recensement-des-serres-du-territoire- nordique-
quebecois

Avard E. Northern Greenhouses: An Alternative Local Food Provisioning Strategy for Nunavik. Thése de
Doctorat. Université Laval; 2015.

Gaudreau C, Guillaumie L, Giard-Laliberté C, McClintock N, Dupéré S, Boiral O. Les serres
communautaires au Québec : Un guide pour démystifier les investissements requis et les
retombées. Published online 2023.https://www.fsi.ulaval.ca/sites/default/files/documents/laurence-
guillaumie/rapport_final_-_version_longue_numerique.pdf

Timler K, Sandy DW. Gardening in Ashes: The Possibilities and Limitations of Gardening to Support
Indigenous Health and Well-Being in the Context of Wildfires and Colonialism. International

Journal of Environmental Research and Public Health. 2020;17(9):3273. doi:10.3390/ijerph17093273

Piché P. Amélioration du comportement thermique d'une serre nordique communautaire. These de Doctorat.
Université de Pau et des Pays de I'Adour; 2021.

Northern greenhouses: Knowledge review 18


http://www.quebec.ca/gouvernement/portrait-quebec/territoire-nordique
http://www.quebec.ca/gouvernement/politiques-
http://www.cisainnovation.com/fr/publications/80/laboratoire-nordique-fiches-pratiques-et-
http://www.frontiersin.org/journals/sustainable-food-
http://www.makivvik.ca/fr/kuujjuaq-hydroponic-container-growing-fresh-produce-in-nunavik/
http://www.makivvik.ca/fr/kuujjuaq-hydroponic-container-growing-fresh-produce-in-nunavik/
http://www.onedrop.org/fr/nouvelles/pirursiivik-leau-lart-et-la-communaute-comme-forces-de-
http://www.onedrop.org/fr/nouvelles/pirursiivik-leau-lart-et-la-communaute-comme-forces-de-
http://www.cisainnovation.com/fr/publications/81/recensement-des-serres-du-territoire-
http://www.fsi.ulaval.ca/sites/default/files/documents/laurence-guillaumie/rapport_final_-
http://www.fsi.ulaval.ca/sites/default/files/documents/laurence-guillaumie/rapport_final_-

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

Piché P, Maheux T. Rapport de Construction d’un Systéeme de Stockage Thermique de l'énergie (Lits de
Roches) Dans La Serre de Radisson.; 2022.

CEN. Centre d'études nordiques. Station de recherche Whapmagoostui-Kuujjuarapik.
https://cen.ulaval.ca/fr/infrastructures/reseau-qaujisarvik/whapmagoostui-kuujjuarapik/

CERRI. Chisasibi Eeyou Resource and Research Institute. Agricultural Research.
https://www.cerri.ca/agriculture-research

Brouard F, Larivet S, Sakka O. Entrepreneuriat social et participation citoyenne. Revue canadienne

de recherche sur les OSBL et l'économie sociale. 2010;1(1).

Guimond L, Plante J. Mise en place, développement et vitalité d'une coopérative de solidarité en milieu
nordique: un exemple socialement innovant a Baie-Johan-Beetz (Minganie, Cote-Nord, Québec). Journal
of Rural and Community Development. 2022;17(2). Accessed July 10, 2024.
https://journals.brandonu.ca/jrcd/article/view/2118

Carson DA, Brouder P, de la Barre S. Communities and New Development Paths in the Sparsely
Populated North. The Journal of Rural and Community Development. 2017;12(2/3):i-xi.

Fortin-Lefebvre E, Awashish K, Blanchet-Cohen N. Accompagnement a I'entrepreneuriat collectif des
jeunes Autochtones: un récit d'expérience d'autochtonisation. CJNSER. 2023;14(S1).
doi:10.29173/cjnser555

Seguin R, Lefsrud MG, Delormier T, Adamowski J, Fyles H. Interregional Differences in Agricultural
Development across Circumpolar Canada. ARCTIC. 2022;75(1):38-54. doi:10.14430/arctic74717

Simard M. Le Nord québécois: un plan, trois régions, neuf défis. rs. 2017;58(2):263-295.
doi:10.7202/1042164ar

Dana LP. Nunavik, Arctic Quebec: Where Cooperatives Supplement Entrepreneurship. GBER.
2010;12(1/2):42. doi:10.1504/GBER.2010.032317

Martin T. De la banquise au congélateur : mondialisation et culture au Nunavik. Les Presses de
I'Université de Laval; 2003.

Malli A, Monteith H, Hiscock EC, et al. Impacts of Colonization on Indigenous Food Systems in Canada
and the United States: A Scoping Review. BMC Public Health. 2023;23(1):2105. doi:10.1186/s12889-
023-16997-7

RRSSSN. Projets alimentaires locaux: financement et soutien. Régie régionale de la santé et des services
sociaux du Nunavik. Accessed August 1, 2024. https://nrbhss.ca/en/nrbhss/public- health/prevention-
and-health-promotion/local-food-projects/local-food-projects

Fond pour la sécurité alimentaire. Conseil Cri de la santé et des services sociaux de la Baie James. January
24, 2024. Accessed August 1, 2024. https://www.creehealth.org/food-security-fund

Centre Régional de Santé et de Services Sociaux de la Baie James - CRSSS Baie James >

Coordonnées. Accessed August 1, 2024.
https://www.crsssbaiejames.gouv.qc.ca/1246/Coordonnees.html

Northern greenhouses: Knowledge review

19


http://www.cerri.ca/agriculture-research
http://www.creehealth.org/food-security-fund
http://www.crsssbaiejames.gouv.qc.ca/1246/Coordonnees.html

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

Lord D. Compagnonnage fructueux pour les Jardins du 53e Taiga a Radisson. La Sentinelle.
https://lasentinelle.ca/compagnonnage-fructueux-pour-les-jardins-du-53e-taiga-a-radisson/.

September 17, 2023. Accessed August 1, 2024.

Gailloux C, McClintock N, Van Neste SL, et al. CommunoSerre: Enjeux sociaux et techniques des serres
communautaires urbaines dans les quartiers défavorisés - Une boite a outils pour praticien.Ne.s et
décideur.Se.s. Institut national de la recherche scientifique; 2023. www.communoserre.info

Bagdonis JM, Hinrichs CC, Schafft KA. The Emergence and Framing of Farm-to-School Initiatives: Civic
Engagement, Health and Local Agriculture. Agric Hum Values. 2009;26(1):107-119. doi:10.1007/s10460-
008-9173-6

Yung K, Neathway C. Community Champions for Safe, Sustainable, Traditional Food Systems.

Current Developments in Nutrition. 2020;4:49-52. doi:10.1093/cdn/nzz119

Gaia. Coopérative de solidarité Gaia. Accessed August 1, 2024. https://www.coopgaia.ca

Spring A, Carter B, Blay-Palmer A. Climate Change, Community Capitals, and Food Security: Building a
More Sustainable Food System in a Northern Canadian Boreal Community. 2018;5:111- 141.

Seguin R, Lefsrud MG, Delormier T, Adamowski J. Assessing Constraints to Agricultural Development In
Circumpolar Canada Through an Innovation Systems Lens. Agricultural Systems. 2021;194:103268.
doi:10.1016/j.agsy.2021.103268

Valls-Fox H, Riel C Les serres communautaires sont-elles une solution aux enjeux de santé et de sécurité
alimentaire des communautés nordiques et autochtones?; 2022.
https://www.cisainnovation.com/fr/publications/38/les-serres-communautaires-sont-elles-une- solution-
aux-enjeux-de-sante-et-de-securite-alimentaire-des-communautes-nordiques-et- autochtones

Chen A, Natcher D. Greening Canada'’s Arctic Food System: Local Food Procurement Strategies for
Combating Food Insecurity. Canadian Food Studies. 2019;6(1):140-154.

Lamalice A, Haillot D, Lamontagne MA, et al. Building Food Security in the Canadian Arctic Through

the Development of Sustainable Community Greenhouses and Gardening. Ecoscience. 2018;25(4):325-
341. doi:https://doi.org/10.1080/11956860.2018.1493260

Courville JM. Equipements communautaires liés a l'alimentation au Nunavik : réflexion entourant Le
développement d'un centre communautaire d'alimentation nunavikois. mémoire de maitrise. Université du
Québec a Montréal; 2022.

Lemay MA, Radcliffe J, Bysouth D, Spring A. Northern Food Systems in Transition: The Role of the
Emerging Agri-Food Industry in the Northwest Territories (Canada) Food System. Front Sustain Food Syst.
2021;5. doi:10.3389/fsufs.2021.661538

Guide pour l'élaboration d'un plan de développement d'une communauté nourriciere. Direction des
communications [du Ministere de I'agriculture, des pécheries et de I'alimentation]; 2022.

Deranger ET, Sinclair R, Gray B, McGregor D, Gobby J. Decolonizing Climate Research and Policy: Making
Space to Tell Our Own Stories, in Our Own Ways. Community Development Journal. 2022;57(1):52-73.
doi:10.1093/cdj/bsab050

Da Silveira Y, Jacob E, Pellerin G, Paul V. Relation de confiance, un ancrage incontournable en contexte de
recherche autochtone: témoignages de recrutement de participants atikamekws, inuit, anicinapek et innus
en éducation. In: Recrutement et consentement a la recherche: réalités et défis éthiques. Editions de
I'Université de Sherbrooke; 2018:146-160. doi:10.17118/11143/14113

Northern greenhouses: Knowledge review 20


http://www.communoserre.info/
http://www.coopgaia.ca/
http://www.cisainnovation.com/fr/publications/38/les-serres-communautaires-sont-elles-une-

47.

48.
49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

Dimayuga P, Sur S, Choi A, Greenwood HL, Galloway T, Bilton AM. A Review of Collaborative

Research Practices with Indigenous Peoples in Engineering, Energy, and Infrastructure Development

in Canada. Energ Sustain Soc. 2023;13(1):3. doi:10.1186/s13705-023-00382-8

Wilson S. Research is Ceremony: Indigenous Research Methods. Fernwood Pub.; 2008.

Bartlett C, Marshall M, Marshall A. Two-Eyed Seeing and Other Lessons Learned Within a Co-Learning
Journey of Bringing Together Indigenous and Mainstream Knowledges and Ways of Knowing. J
Environ Stud Sci. 2012;2(4):331-340. doi:10.1007/s13412-012-0086-8

Ball J, Janyst P. Enacting Research Ethics in Partnerships with Indigenous Communities in Canada: "Do it in
a Good Way." Journal of Empirical Research on Human Research Ethics. 2008;3(2):33-51.
doi:10.1525/jer.2008.3.2.33

Lucchesi GP, Rutkowski EW. Living Labs: Science, Society, and Co-creation. In: Leal Filho W, Azul AM,
Brandli L, Lange Salvia A, Wall T, eds. Industry, Innovation and Infrastructure. Encyclopedia of the UN
Sustainable Development Goals. Springer International Publishing; 2021:706-715. doi:10.1007/978-3-319-
95873-6_74

McPhee C, Bancerz M, Mambrini-Doudet M, Chrétien F, Huyghe C, Gracia-Garza J. The Defining
Characteristics of Agroecosystem Living Labs. Sustainability. 2021;13(4):1718. doi:10.3390/su13041718
Gamache G, Anglade J, Feche R, Barataud F, Mignolet C, Coquil X. Can Living Labs Offer a Pathway to
Support Local Agri-Food Sustainability Transitions? Environmental Innovation and Societal Transitions.
2020;37:93-107. doi:10.1016/j.eist.2020.08.002

Harwood S, Wensing E, Ensign PC. Place-Based Planning in Remote Regions: Cape York Peninsula,
Australia and Nunavut, Canada. In: Taylor A, Carson DB, Ensign PC, Huskey L, Rasmussen RO, Saxinger G,
eds. Settlements at the Edge. Edward Elgar Publishing; 2016. doi:10.4337/9781784711962.00013

Vodden K, Gibson R, Baldacchino G, eds. Place Peripheral: Place-Based Development in Rural, Island,

and Remote Regions. ISER, Institute of Social and Economic Research; 2015.

Halseth G, Markey SP, Manson D, Ryser L. Doing Community-Based Research: Perspectives from

the Field. McGill-Queen’s University Press; 2016.

Horn-Miller kahente. A quoi ressemble la démocratie participative autochtone? L'exemple du

processus décisionnel communautaire de Kahnawa:ke. Les Cahiers du CIERA. 2022;(21):15-32.

Bussieres V, Chénevert M, Lafontaine G, Morin-Ouellet MC. Portrait du systeme alimentaire de La Céte-
Nord.; 2021. Accessed July 2, 2024. https://www.cisss- cotenord.gouv.qc.ca/fileadmin/internet/cisss-
cotenord/Sante_publique/Alimentation/Portrait_du_sys._alim._Cote-Nord.pdf

Lamalice A. Géographie du systeme alimentaire des Inuit du Nunavik: du territoire nourricier au
supermarché. Published online 2020.

Desjardins F, Tremblay PA. S'alimenter malgré le froid, la distance et le reste: I'émergence de stratégies
favorables a la résilience alimentaire en Jamésie (nord du Québec). Revue Organisations & territoires.
2021;30(3):89-100. doi:10.1522/revueot.v30n3.1383

Desjardins F, Tremblay PA. S‘alimenter En temps de pandémie en Jamésie. Etude sur la sécurité alimentaire
en temps de pandémie en Jamésie. Réseau jamésien de développement social; 2022.

Gouvernement du Canada. Ressources naturelles Canada. L'Atlas du Canada. Base de données sur |'énergie
dans les collectivités éloignées. 2018. Accessed July 24, 2024. https://atlas.gc.ca/rced- bdece/fr/index.html

Northern greenhouses: Knowledge review 21



63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.
80.

Chaudron C, Martineau G, Chayer JA. Bilan environnemental de la production de légumes de serre Du
Québec. Groupe Agéco; 2021. Accessed July 24, 2024. https://www.serres.quebec/bilan- environnemental-
de-la-production-de-legumes-de-serre-du-quebec-rapport-final-septembre- 2021/

Environnement Canada. Données climatiques historiques. Gouvernement du Canada. 2023.

Accessed July 25, 2024. https://climat.meteo.gc.ca/climate_data/

Gouvernement du Canada. Nombre moyen d’heures d'ensoleillement durant les mois d'été,

température. 2022. Accessed July 24, 2024. https://ouvert.canada.ca/data/fr/dataset/8330bd 13- eae3-
5af5-87f5-dcaffadOfde?

Jones MKW, Schwoerer T, Gannon GM, et al. Climate-Driven Expansion of Northern Agriculture Must
Consider Permafrost. Nature Climate Change. 2022;12:699-703.

King M, Altdorff D, Li P, Galagedara L, Holden J, Unc A. Northward Shift of The Agricultural Climate Zone

Under 21st-Century Global Climate Change. Sci Rep. 2018;8(1):7904. doi:10.1038/s41598-018- 26321-8
Becerril H, De los Rios I. Energy Efficiency Strategies for Ecological Greenhouses: Experiences from Murcia
(Spain). Published online 2016.

Sethi VP, Sharma SK. Survey and Evaluation of Heating Technologies for Worldwide Agricultural
Greenhouse Applications. Solar Energy. 2008;82(9):832-859. doi:10.1016/j.solener.2008.02.010

Chen J, Ma Y, Pang Z. A Mathematical Model of Global Solar Radiation to Select The Optimal Shape and
Orientation of the Greenhouses in Southern China. Solar Energy. 2020;205:380-389.
doi:10.1016/j.solener.2020.05.055

Guimont S, Villeneuve C, Martin Y, Leblanc J, Le Mat A, Taillon PA. Guide de production: Poivron et
tomate biologiques sous abris.; 2020. Accessed August 1, 2024. https://www.craaq.qc.ca/

Ahamed MS, Guo H, Tanino K. Energy Saving Techniques for Reducing the Heating Cost of
Conventional Greenhouses. Biosystems Engineering. 2019;178:9-33.
doi:10.1016/j.biosystemseng.2018.10.017

Ahamed MS, Guo H, Tanino K. Energy-Efficient Design of Greenhouse for Canadian Prairies Using a
Heating Simulation Model. International Journal of Energy Research. 2018;42(6):2263-2272.

Badji A, Benseddik A, Bensaha H, Boukhelifa A, Hasrane I. Design, Technology, and Management of
Greenhouse: A review. Journal of Cleaner Production. 2022;373:133753. doi:10.1016/j.jclepro.2022.133753
Ponce P, Molina A, Cepeda P, Lugo E, MacCleery B. Greenhouse Design and Control. CRC Press; 2015.
doi:10.1201/b17391

Polar Harvest. Cartographie interactive des serres nordiques. Accessed August 1, 2024.
https://www.polarharvest.com/cartographie-interactive/

Sethi VP. On The Selection of Shape and Orientation of a Greenhouse: Thermal Modeling and
Experimental Validation. Solar Energy. 2009;83(1):21-38. doi:10.1016/j.solener.2008.05.018

Claudino P. Experimental and Modelling Study of a Geodesic Dome Solar Greenhouse System in Ottawa.
Carleton University; 2016.

Tiwari G. Greenhouse Technology for Controlled Environment.; 2005.

Cao K, Xu H, Zhang R, et al. Renewable and Sustainable Strategies for Improving the Thermal Environmen
of Chinese Solar Greenhouses. Energy and Buildings. 2019;202(109414). Accessed July 24, 2024.
https://www.sciencedirect.com/science/article/pii/S0378778819327082?via%3Dihub

Northern greenhouses: Knowledge review

t

22


http://www.serres.quebec/bilan-
http://www.craaq.qc.ca/
http://www.polarharvest.com/cartographie-interactive/
http://www.sciencedirect.com/science/article/pii/S0378778819327082?via%3Dihub

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

94.

95.

Tong G, Christopher DM, Li T, Wang T. Passive Solar Energy Utilization: a Review of Cross-Section Building
Parameter Selection for Chinese Solar Greenhouses. Renewable and Sustainable Energy Reviews.
2013;26:540-548. doi:10.1016/j.rser.2013.06.026

Castilla N. Greenhouse Technology and Management, 2nd Edition.; 2013.
https://www.cabidigitallibrary.org/doi/book/10.1079/9781780641034.0000

Fortier JM, Sylvestre C. Le maraichage nordique - découvrir la culture hivernale des légumes.; 2021.
https://www.craaqg.qc.ca/Publications-du-CRAAQ/le-maraichage-nordique-decouvrir-la-culture-
hivernale-de-legumes/p/PAUT0283

Giard-Laliberté C, le mat a. Culture de climat frais sous abris: types d'abris, gestion climatique et aspects
économiques. CETAB+; 2022:43 p. https://cetab.bio/publication/culture-de-climat-frais- sous-abris-type-
dabris-gestion-climatique-et-aspects-economiques/

Cuce E, Harjunowibowo D, Cuce PM. Renewable and Sustainable Energy Saving Strategies for
Greenhouse Systems: A Comprehensive Review. Renewable and Sustainable Energy Reviews.
2016;64:34-59.

Lavoie E. Chauffage des serres a la biomasse, comment ca fonctionne? In: Journée INPACQ 2020. ; 2020.
https://www.mapaq.gouv.qc.ca/SiteCollectionDocuments/Regions/CentreduQuebec/INPACQ2020
/Chauffage_de_serres_a_la_biomasse.pdf

Béland E, St-Laurent A. Le chauffage a la biomasse forestiere, outil de transition énergétique. Nature
Québec; 2021. https://www.agrireseau.net/energie/documents/104079/le-chauffage-a-la- biomasse-
forestiere-outil-de-transistion-energetique

Vourdoubas J. Possibilities of Using Renewable Energy Sources for Covering all the Energy Needs of
Agricultural Greenhouses. Journal of agriculture and life science. 2015;2(1).
https://jalsnet.com/journals/Vol_2_No_1_June_2015/14.pdf

Gouvernement du Québec. Producteurs serricoles: programme Ecoperformance. 2024. Accessed July 30,
2024.

https://transitionenergetique.gouv.qc.ca/affaires/programmes/ecoperformance/implantation-
simplifiee/producteurs-serricoles

Hydro-Québec. Les installations électriques d'hydro-québec et 'aménagement du territoire.; 2019.
https://www.hydroquebec.com/data/administrations-municipales/pdf/20190326-installations-
amenagement-territoire.pdf

Kinney C, Dehghani-Sanij A, Mahbaz S, Dusseault MB, Nathwani JS, Fraser RA. Geothermal Energy for
Sustainable Food Production in Canada’s Remote Northern Communities. Energies. 2019;12(21):4058.
doi:10.3390/en12214058

Belzile P, Comeau FA, Raymond J, Lamarche L, Carreau M. Arctic Climate Horizontal Ground- Coupled
Heat Pump. Published online October 31, 2017. https://espace.inrs.ca/id/eprint/7718/

Moe R, Grimstad SO, Gislerod HR. The Use of Artificial Light in Year-Round Production of

Greenhouse Crops in Norway. 2006;711(1952):32-42.

doi:https://doi.org/10.17660/ActaHortic.2006.711.2

Glenn EP, Cardran P, Thompson TL. Seasonal Effects of Shading on Growth of Greenhouse Lettuce and
Spinach. Scientia Horticulturae. 1984;24(1984):231-239. doi:https://doi.org/10.1016/0304- 4238(84)90106-
7

Warner R, Wu BS, MacPherson S, Lefsrud M. How the Distribution of Photon Delivery Impacts Crops in
Indoor Plant Environments: A Review. Sustainability. 2023;15(5). doi:10.3390/su15054645

Northern greenhouses: Knowledge review

23


http://www.cabidigitallibrary.org/doi/book/10.1079/9781780641034.0000
http://www.craaq.qc.ca/Publications-du-CRAAQ/le-maraichage-nordique-decouvrir-la-
http://www.mapaq.gouv.qc.ca/SiteCollectionDocuments/Regions/CentreduQuebec/INPACQ2020
http://www.agrireseau.net/energie/documents/104079/le-chauffage-a-la-
http://www.hydroquebec.com/data/administrations-municipales/pdf/20190326-installations-

96.

97.

98.

99.

100.

101.

102.

103.

104.

105.

106.

107.

108.

109.

110.

111.

112.

113.

Proietti S, Moscatello S, Riccio F, Downey P, Battistelli A. Continuous Lighting Promotes Plant Growth,
Light Conversion Efficiency, and Nutritional Quality of Eruca vesicaria (L.) Cav. in Controlled

Environment With Minor Effects Due to Light Quality. Frontiers in Plant Science. 2021;12.
doi:10.3389/fpls.2021.730119

Unc A, Altdorff D, Abakumov E, et al. Expansion of Agriculture in Northern Cold-Climate Regions: A Cross-
Sectoral Perspective on Opportunities and Challenges. Front Sustain Food Syst. 2021;5.
doi:10.3389/fsufs.2021.663448

Gouvernement du Canada. Pédo-paysages du Canada (PPC), v. 2.2/v. 3.1. 2023. Accessed July 24, 2024.
https://ouvert.canada.ca/data/fr/dataset/51e7677b-a8d0-4dc2-ad50-6b5e82cdeef6

Tingskou R, Unc A. Impact of fertilizer Source on The Dynamics of Carbon and Nutrients in a

Podzol Designated for Land-Use Conversion. Soil Use and Management. 2023;39(4):1491-1503.
doi:https://doi.org/10.1111/sum.12906

Gouvernement du Canada. Cryosol turbic. Le systéme canadien de classification des sols. 2013. Accessed
July 25, 2024. https://sis.agr.gc.ca/siscan/taxa/cssc3/CY/TC/index.html

Fresco N, Bennett A, Bieniek P, Rosner C. Climate Change, Farming, and Gardening in Alaska: Cultivating
Opportunities. Sustainability. 2021;13(22):12713. doi:https://doi.org/10.3390/su132212713

Fierer N, Wood SA, Buero de Mesquita CP. How Microbes Can, and Cannot, Be Used to Assess Soil Health.
Soil Biology and Biochemistry. 2021;153. doi:https://doi.org/10.1016/j.s0ilbio.2020.108111

Young EH, Unc A. A Review of Nematodes As Biological Indicators of Sustainable Functioning for
Northern Soils Undergoing Land-Use Conversion. Applied soil ecology. 2023;183:104762.
doi:https://doi.org/10.1016/j.apsoil.2022.104762

Unc A, Kedir A. Sustainable Production of Engineered Soils from Local Materials: A Formulation, Evaluation,
and Repurposing of Engineered Soils. Memorial University; 2022:17.
https://www.mun.ca/harriscentre/media/production/memorial/administrative/the-harris-centre/media-
library/funding/arf/Engineered%20s0il%20and%20vermcomposting%20Project MMSB%20report2022%20
UNC.pdf

Barrett GE, Alexander PD, Bragg NC. Achieving Environmentally Sustainable Growing Media for Soilless
Plant Cultivation Systems — A review. Scientia Horticulturae. 2016;212.
doi:https://doi.org/10.1016/j.scienta.2016.09.030

Gruda NS. Increasing Sustainability of Growing Media Constituents and Stand-Alone Substrates in Soilless
Culture Systems. Agronomy. 2019;9(6):298. doi:Https://doi.org/10.3390/agronomy9060298

Stevenson KT, Rader HB, Alessa L, et al. Sustainable Agriculture for Alaska and the Circumpolar North: Part
IIl. Meeting the Challenges of High-Latitude Farming. ARCTIC. 2014;67(3):320-339. doi:ht tp: // dx.doi.worg
/10.14430 /arctic4410

WSP Canada Inc. Inventaire de la biomasse disponible pour produire de la bioénergie et portrait de la
production de la bioénergie sur le territoire québécois.; 2021. https://cdn-contenu.quebec.ca/cdn-
contenu/adm/min/economie/publications-adm/rapport/ED-inventaire-biomasse-bioenergies-WSP-2021-
MEIE.pdf

Biopterre. Rapport Final: la Contribution Du Bois Raméal d'aulne Crispé a La Fertilité Des Jardins - Son
Potentiel de Transformation En Terreau Par Le Compostage.; 2023.

Medaiyese AO, Wu J, Unc A. Utility of Wood Ash, Paper Sludge and Biochar for the Mitigation of
Greenhouse Gases Emissions from Acid Boreal Soils. Journal of Environmental Management.
2023;330:117202. doi:10.1016/j.jenvman.2022.117202

Camberato JJ, Gagnon B, Angers DA, Chantigny MH, Pan WL. Pulp and Paper Mill By-Products as Soil
Amendments and Plant Nutrient Sources. Can J Soil Sci. 2006;86(4):641-653. doi:10.4141/S05-120

Allaire S, Lange S. Le biochar dans les milieux poreux: une solution miracle en environnement? Vecteur
Environnement. Published online 2013:58-67.

Li S, Tasnady D. Biochar for Soil Carbon Sequestration: Current Knowledge, Mechanisms, and Future
Perspectives. 2023;9(3). doi:https://doi.org/10.3390/c9030067

Northern greenhouses: Knowledge review 24


http://www.mun.ca/harriscentre/media/production/memorial/administrative/the-harris-centre/media-

114.

115.

116.

117.

118.

119.

120.

121.

122.

123.

124.

125.

126.

127.

128.
129.

130.

131.

132.
133.

134.

Abedin J, Unc A. The Rate Dependent Efficacy of Biochar for Crop Yield and Nutrition on Podzols

Newly Converted From Boreal Forests. Field Crops Research. Published online 2023.
doi:https://doi.org/10.1016/j.fcr.2023.109121

Xie T, Sadasivam BY, Reddy KR, Wang C, Spokas K. Review of the Effects of Biochar Amendment on Soil
Properties and Carbon Sequestration. Journal of Hazardous, Toxic, and Radioactive Waste. 2015;20(1).
doi:https://doi.org/10.1061/(ASCE)HZ.2153-5515.0000293

Gouvernement du Québec. Péches et aquacultures commerciales au québec en un coup d’oeil.; 2020.
https://www.mapaq.gouv.qgc.ca/fr/Publications/CoupOeilpeche.pdf

Zhang J, Akyol C, Meers E. Nutrient recovery and Recycling from Fishery Waste and By-Products. Journal
of Environmental Management. 2023;348:119266. doi:10.1016/j.jenvman.2023.119266

Lopez C, Antelo L, Franco-Uria A, Alonzo A, Perez-Martin R. Valorisation of Fish By-Products Against
Waste Management Treatments — Comparison of environmental impacts. Waste management. Published
online 2015. doi:https://doi.org/10.1016/j.wasman.2015.08.017

Coppola D, Lauritano C, Esposito FP, Riccio G, Rizzo C, de Pascale D. Fish Waste: From Problem to Valuable
Resource. Mar Drugs. 2021;19(2). https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7923225/

Potvin D, Corbeil MM, St-Gelais J. Portrait du compostage de résidus végétaux a la ferme. Institut de
recherche et de développement en agroenvironnement; 2024. Accessed August 2, 2024.
https://irda.blob.core.windows.net/media/8956/irda_fichesynthese_compostageprodutionmaraichere_2024.
pdf

Recyc-Québec. Programme Aide au compostage domestique et communautaire (ACDC). RECYC-QUEBEC.
Accessed August 2, 2024. https://www.recyc-quebec.gouv.qc.ca/municipalites/matieres-
organiques/recyclage-residus-verts-alimentaires/aide-financiere/acdc

Ministere de I'Environnement, de la Lutte contre les changements climatiques, de la Faune et des Parcs
(MELCCFP). Programme de traitement des matieres organiques par biométhanisation et compostage - Liste
des projets du volet 2. Accessed August 2, 2024.
https://www.environnement.gouv.qc.ca/programmes/biomethanisation/liste-projets-volet-2.htm#cote-
nord

Giard Laliberté C. Culture de climat frais sous abri de légumes asiatiques: brocoli chinois, céleri
chinois,komatsuna, mitsuba, mizuna et tatsoi. CETAB+; 2023. https://cetab.bio/publication/legumes-
asiatiques-brocoli-chinois-celeri-chinois-komatsuna-mitsuba-mizuna-et-tatsoi/

Inuit Tapiriit Kanatami. Stratégie sur la sécurité alimentaire dans linuit nunangat. Accessed August 5,
2024. https://www.itk.ca/projects/inuit-nunangat-food-security-strategy/

Organic seed alliance. The Grower’s Guide to Conducting on-Farm Variety Trials.; 2018.
https://seedalliance.org/publications/growers-guide-conducting-farm-variety-trials/

Cornell University. Cornell Field Crop Variety Trials. 2024. Accessed July 31, 2024.
https://blogs.cornell.edu/varietytrials/

Ontario crop research center. Cultivar Trial and Research Reports. Guelph University. 2023.
https://bradford-crops.uoguelph.ca/publications/cultivar-trial-and-research-reports

Nilsson A, von Bothmer R. Measures to Promote Nordic Plant Breeding.; 2014. doi:10.6027/TN2010-518
University of Alaska Fairbanks. Alaska Variety Trials. 2021. Accessed July 31,

2024. https://www.uaf.edu/afes/research/variety-trials/

Robertson GP, Groffman PM. Nitrogen Transformations. Soil Microbiology, Biochemistry and Ecology.
2007;3:341-364. doi:10.1016/B978-0-08-047514-1.50017-2

Grandy AS, Daly AB, Bowles T, et al. The Nitrogen Gap in Soil Health Concepts and Fertility Measurements.
Soil Biology and Biochemistry. 2022;175. doi:https://doi.org/10.1016/j.s0ilbio.2022.108856

Parent LE, Gagné G. Guide de référence en fertilisation. 2e édition actualisée. CRAAQ; 2013.

MAPAQ. Grilles de référence en fertilisation. Gouvernement du Québec. 2023.
https://www.mapag.gouv.qc.ca/fr/Productions/Agroenvironnement/fertilisants/Pages/grilles-reference.aspx
Butler L, Altdorff D, Young E, et al. Organic Waste in Newfoundland and Labrador: A Review of Available
Agriculture, Fishery, Forestry and Municipal Waste Literature. Memorial University of Newfoundland; 2017.

Northern greenhouses: Knowledge review 25


http://www.mapaq.gouv.qc.ca/fr/Publications/CoupOeilpeche.pdf
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC7923225/
http://www.recyc-quebec.gouv.qc.ca/municipalites/matieres-
http://www.environnement.gouv.qc.ca/programmes/biomethanisation/liste-projets-volet-2.htm#cote-
http://www.itk.ca/projects/inuit-nunangat-food-security-strategy/
http://www.uaf.edu/afes/research/variety-trials/
http://www.mapaq.gouv.qc.ca/fr/Productions/Agroenvironnement/fertilisants/Pages/grilles-reference.aspx

135.

136.

137.

138.

139.

140.

141.

142.

143.

144,

145.
146.

147.

148.

Accessed July 24, 2024. https://www.mun.ca/harriscentre/media/production/memorial/administrative/the-
harris-centre/media-library/reports/UNC_WASTE_15-16.pdf

Parrella M, Lewis E. Biological Control in Greenhouse and Nursery Production: Present Status and Future
Directions. American entomologist. 2017;63(4):237-250. doi:https://doi.org/10.1093/ae/tmx010

Messelink GJ, Bennison J, Alomar O, et al. Approaches to Conserving Natural Enemy Populations

in Greenhouse Crops: Current Methods and Future Prospects. Biocontrol. 2014;59:377-393.

doi:DOI 10.1007/s10526-014-9579-6

Hanbazaza MA, Triador L, Ball GDC, et al. The Impact of School Gardening on Cree Children’s Knowledge
and Attitudes toward Vegetables and Fruit. Canadian Journal of Dietetic Practice and Research.
2015;76(3):133-139. doi:10.3148/cjdpr-2015-007

Fulford S, Thompson S. Youth Community Gardening Programming as Community Development: The
Youth for EcoAction Program in Winnipeg, Canada. Canadian Journal of Nonprofit and Social Economy
Research. 2013;4(2). doi:10.22230/cjnser.2013v4n2a145

Lautenschlager L, Smith C. Understanding Gardening and Dietary Habits Among Youth Garden

Program Participants Using the Theory of Planned Behavior. Appetite. 2007;49(1):122-130.
doi:10.1016/j.appet.2007.01.002

Conseil en Education des Premiéres Nations. Mikinak Guide de sensibilisation. Published online 2019.
Lavoie C, Blanchet-Cohen N, Bacon M. Vers l'autochtonisation: pratiques éducatives inspirantes a I'ere de la
réconciliation. Volume 49, numéro 1, printemps 2021 — Education et francophonie. 2021;49. Accessed July
31, 2024. https://www.erudit.org/fr/revues/ef/2021-v49-n1-ef06013/

Campeau D. Pédagogie autochtone et pédagogie du lieu: proposition d'un modele d'enseignement
autochtonisé. ef. 2021;49(1):52-70. doi:10.7202/1077001ar

Duperré M. Innovations sociales dans les organismes communautaires: facteurs intervenant dans le
Processus de transfert des connaissances. Centre de recherche sur les innovations sociales (CRISES); 2006.
Lowe P, Phillipson J, Proctor A, Gkartzios M. Expertise in Rural Development: A Conceptual and

Empirical Analysis. World Development. 2019;116:28-37. doi:10.1016/j.worlddev.2018.12.005

CISA. Centre d'Innovation Sociale en Agriculture. Cégep de Victoriaville. https://www.cisainnovation.com/fr
CETAB+. Centre d'expertise et de transfert en agriculture biologique et de proximité. Cégep de Victoriaville.
Accessed August 1, 2024. https://cetab.bio/

Gouvernement du Québec. Répertoire des métiers semi-spécialisés - Manoeuvre en production horticole.
2024. http://www1.education.gouv.qc.ca/sections/metiers/index.asp?page=fiche&id=433

Lebel F. Former en construction au Nunavik pour briser la dépendance a la main-d'oeuvre du
Sud.https://ici.radio-canada.ca/nouvelle/1961207 /formation-construction-nunavik-ccq-
inuit#:~:text=La%20coop%C3%A9rative%20de%20solidarit%C3%A9%201kajurtigiit,entreprises%20du%20su
d%20du%20Qu%C3%A9bec. March 7, 2023.

How to cite this report

Valls Fox, Hugo, Sam Chauvette, Audrey Roy, Charlotte Giard-Laliberté, Mégane Lelier, Marie Teillot, Eloise

Gagnon, Catherine Riel, Didier Haillot, Nalitha Paradis, Mélodie Desrosiers, 2024. “Northern Greenhouses:

Knowledge Review and Innovation Prospects for Decarbonizing Northern Food Systems.” Final Report. Centre

d’innovation sociale en agriculture, Cégep de Victoriaville.

Northern greenhouses: Knowledge review 26


http://www.mun.ca/harriscentre/media/production/memorial/administrative/the-
http://www.erudit.org/fr/revues/ef/2021-v49-n1-ef06013/
http://www.cisainnovation.com/fr
http://www1.education.gouv.qc.ca/sections/metiers/index.asp?page=fiche&id=433

	Table of Contents
	1.  Introduction
	2.  Greenhouse Project Governance and Sustainability
	2.1 Social Entrepreneurship
	2.2 Importance of Managers
	2.3 Long-Term Funding Beyond Start-Up
	2.4 Research and Innovation In the TNQ Context

	3. How Greenhouses Help Decarbonize Northern Food Systems
	4. Climate Control and Energy Efficiency in Northern Conditions
	4.1 Climatic Conditions
	4.2 Climate Control and Energy Efficiency
	4.3 Light Management

	5.  Greenhouse Crop Management in Northern Conditions
	5.1 Soil and Growing Substrates
	5.2 Crop Management

	6.  Sharing and Sustaining Knowledge
	6.1 Poorly Adapted Training Opportunities in the TNQ
	6.2 Knowledge Transfer for Project Sustainability

	7.  Conclusion
	References
	How to cite this report

