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Abstract 
There is an ongoing debate about the role of con-

trolled environment agriculture and containerized 

food production in local food systems in Northern 

North American communities. Some critics dismiss 

these applications as ineffective, arguing that 

because they marginalize certain populations they 

do not have a place in northern food systems. 

However, such critiques are premature and under-

mine what may prove to be an important and com-

plementary component of local and regional food 

systems in the north, particularly if designed and 

implemented in a culturally appropriate and place-

based context. Containerized food production can 

offer enhanced food production capabilities for 

communities through year-round production. 

While there are still concerns about proper growing 

protocols, scalability, output, durability, and 
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economics, these can be addressed, modified and 

improved through research and continued applica-

tions. New opportunities requiring further explora-

tion in the application of containerized food pro-

duction systems include, but are not limited to, 

integrative systems design, the enhancement of 

community development initiatives, and the inte-

gration of the social networks that are necessary 

for diversified local food production. 

Keywords 
Controlled Environment Agriculture, Northern 

and Subarctic Communities, Containerized Food 

Production Systems, Food Security, Local Food 

Production 

Introduction 
There is a growing debate about the potential role 

of controlled environment agriculture (CEA) and 

containerized food production systems (CFPS) in 

local food systems (Pinstrup-Andersen, 2018), and 

these debates are now occurring more specifically 

in the context of northern communities (Koza-

chenko, 2020). These discussions are of particular 

importance for northern communities in Canada 

and Alaska, where food security is an ongoing 

challenge (Guo et al., 2015; Inuit Circumpolar 

Council-Alaska, 2015; Kluane First Nation & 

Arctic Institute of Community-Based, n.d., 2016; 

Tarasuk et al., 2016; Todd, 2010).  

 Recent criticisms of the role of CEA focuses 

on an Indigenous context claim that CEA is just 

another form of outside or “top-down” develop-

ment (Kozachenko, 2020). While this may be true 

in some circumstances, we advocate for CEA 

applications that are relevant for multiple northern 

rural communities and operations instead, includ-

ing but not limited to Indigenous communities. 

Regardless of the community, operation, or system 

used, all applications must be situated in an appro-

priate local cultural context and must be designed 

and implemented in ways that serve the community 

needs as defined by each community, whether 

Indigenous, urban, rural, or industrial.  

 We propose that there is no single or “one-

size-fits-all” solution to northern food and nutri-

tional security. We do suggest that CEA remains a 

potential contribution to a more food-secure future 

for northern communities, especially in a context 

of economic, political, and climatic uncertainty 

(Pinstrup-Andersen, 2018; Treftz & Omaye, 2016).  

 The extent to which CEA will be a viable 

northern food system option going forward 

depends on a great deal of research and community 

engagement that remains to be undertaken. With 

respect to northern communities, we do not view 

CEA and CFPS as a silver-bullet solution to food 

and nutritional security. However, we do see the 

potential for containerized systems to be part of a 

diversified and integrated food system that has the 

capacity to meet local and even regional food and 

nutritional needs. Recognizing that CEA and CFPS 

will not meet all community food needs, but that 

they can still play a role in supporting both food 

and nutritional security is important because they 

can function as complementary systems that are 

place-based, culturally appropriate, and designed to 

meet specific community needs as defined by a 

community.  

 In this article, we provide a brief overview of 

food security issues in northern communities and 

an overview of CEA and CFPS. We then discuss 

the advantages and disadvantages of the specific 

CEA application of CFPS when compared to 

industrial agriculture and greenhouses and outline 

the social, economic, and environmental factors 

that must be considered. Following this, we present 

some challenges and opportunities for CFPS in the 

context of future research. 

 The purpose of this paper is to provide a re-

view of CEA and CFPS in the context of northern 

applications, to discuss critiques, challenges and 

drawbacks, advantages and disadvantages, and 

opportunities, and to provide the basis for under-

standing what further work is needed to explore 

successful models going forward. Our focus is on 

subarctic applications of containerized food pro-

duction systems, with an emphasis on hydroponic 

growing methods. We are interested in all northern 

communities, including but not limited to Indige-

nous communities, off-grid communities, and 

industry camps. Definitions for rural and urban 

vary; for our purposes northern rural communities 

are disconnected from the road and marine high-

way systems and/or have a population less than 

1,000 (Goldsmith, 2007; Statistics Canada, 2018).  
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Food Security in Northern Communities 
Food security in northern communities is challeng-

ing due to remoteness, severe weather, and short 

growing seasons, among other social-ecological 

factors. Despite these challenges, communities 

have thrived using subsistence strategies such as 

hunting, fishing, and community gardens (Gerlach 

& Loring, 2013). Livelihoods in the communities 

have traditionally centered on the harvest of 

country foods,1 although there has been a long-

term transition to a cash economy, with increasing 

reliance on industrially produced, store-bought 

foods imported from outside and transported long 

distances.  

 While commercially available foods provide 

one measure of food security, the availability and 

quality of these foods are subject to the vagaries 

and vulnerabilities of a global food system. Access 

is dependent on one’s ability to pay for store-

bought foods that do not fulfill many of the roles 

that country foods play in northern communities 

(Loring & Gerlach, 2009). According to Loring and 

Gerlach (2009), “this transition is having severe 

consequences for the health of people and for the 

viability and vitality of rural communities, and in 

subtle ways that are not always tracked by conven-

tional food security methodologies and frame-

works” (p. 466). This dietary or nutritional transi-

tion has resulted in diets of poorer nutritional 

quality, with negative health outcomes related to 

metabolic and cardiovascular syndromes and 

diseases, including Type 2 diabetes, coronary heart 

disease, and colorectal cancer (Hurwitz, 1977; 

Loring & Gerlach, 2015). With the ongoing cli-

matic and regulatory impacts on country food and 

adverse dietary-related health outcomes, the need 

for local food production strategies that are new 

and innovative, but still place-based and culturally 

appropriate, is growing. 

Methods 
This review is based on observations made in pub-

lic news media, informal input from individuals liv-

ing in Yukon Territory and Alaska, and existing 

literature on CEA. These sources reveal a variety of 

perspectives and opinions on the place that CEA 

 
1 “Country foods” refer to food harvested from wild animals and plants (Loring & Gerlach, 2009).  

has or may have for local food production in 

northern communities. Given the evolving nature 

of these technologies and the limited community-

based research that is available, more substantive 

research on CEA is needed for communities to 

make informed decisions about how and under 

what conditions CEA can be applied successfully 

in northern communities (Gomez et al., 2019; 

Kozachenko, 2020; Pinstrup-Andersen, 2018). This 

paper was developed using an extensive but non-

systematic literature review (Berry et al., 2015; 

Ferrari, 2015). Peer-reviewed journals, books, non–

peer-reviewed literature, and government and 

industry reports are included in our review. 

Overview of Containerized Food 
Production Systems  
Containerized food production systems are a form 

of CEA where a container (a shipping container, 

for example) is repurposed for food production, 

although in some cases a new container is used due 

to concerns around the structural integrity of the 

recycled containers (Newbean Capital, 2017). In 

these systems, environmental conditions are con-

trolled for optimal plant growth and primarily 

utilize soilless agriculture techniques (Newbean 

Capital, 2017; Raviv et al., 2019). CFPS are often 

used in situations where industrial agricultural 

production capacity is limited, or where food miles 

and “price at market” vulnerabilities exist, as is the 

case for both urban and rural northern communi-

ties (Coley et al., 2009; Gómez et al., 2019; Loring 

& Gerlach, 2009).  

 There are numerous techniques and systems 

that can be used in CFPS, including but not limited 

to soil-based growing mediums and aquaponics, 

although hydroponics and aeroponics are probably 

the most common (Gómez et al., 2019; Newbean 

Capital, 2017). There are different hydroponic 

techniques in use now, including the nutrient-film 

technique, deep-water culture, and aggregate cul-

ture. The nutrient-film technique uses a thin film 

of solution that constantly flows over plant roots, 

while deep-water culture has plant roots that are 

constantly submerged in a flowing solution. Aggre-

gate culture has plants in bagged substrates or 
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containers with a drip system for the nutrient solu-

tion (Gómez et al., 2019). Aeroponics systems mist 

roots with a nutrient solution at specific time inter-

vals and volumes (Eigenbrod & Gruda, 2015). The 

scale of CFPS systems ranges from small at-home 

operations up to large-scale container farms or 

“plant factories” (Gómez et al., 2019; Newbean 

Capital, 2017).  

Containerized Food Production Systems: 
Advantages and Disadvantages  
Containerized food production systems, green-

houses, and open-field farming each have strengths 

and weaknesses in relation to operations, resource 

use, and crop yields, among other factors. Table 1 

outlines some key differences between container 

farms, greenhouses and field farming.  

Advantages 
Key advantages of CFPS is season extension, year-

round food production, and improved yields per 

acre or unit when compared to industrial open-

field farming and greenhouses. These advantages 

are amplified when considering the potential of 

these technologies in northern climates where 

industrial agricultural opportunities are limited due 

to short growing seasons, poor soils, and 

challenging growing conditions (Gómez et al., 

2019; Kalantari et al., 2017; Loring & Gerlach, 

2015). CFPS and greenhouses eliminate or 

significantly reduce the risks associated with 

extreme weather events such as hail and flooding, 

and provide some control over growing 

conditions, including temperature, light, humidity, 

day length, and carbon dioxide levels to maximize 

growth rates and yields (Gómez et al., 2019; Raviv 

et al., 2019). 

 Risks associated with soil-borne pathogens, 

among other pests and pathogens, are eliminated 

or significantly reduced when not using a soil-

based medium, and where appropriate cleaning 

procedures are maintained (Gómez et al., 2019; 

Raviv et al., 2019).  

 CFPS minimize water consumption through a 

variety of controlled irrigation techniques, closed-

loop irrigation systems, humidity control, and cap-

ture of evaporated water for reuse (Raviv et al., 

2019). Beyond specific production and resource 

Table 1. Comparison of  Containerized Food Production Systems (CFPS) Using Hydroponics, 

Greenhouse, and Field Farming  

Presenting both CFPS and greenhouses demonstrates the differences that can exist between various controlled 

environment agriculture (CEA) applications. 

 Container Farms Greenhouse Field Farming 

Light source Electrical lighting Sunlight and/or elec-

trical lighting 

Sunlight 

Growing season (days/year) 365 365 Variable 

Soil Use Variable Variable Yes 

Harvests per year 8–12 for lettuce 6–7 for lettuce Usually 2 for lettuce 

Water source Local water network Local water network Rainfall and irrigation 

Water use (gallons/head of lettuce) 0.3 0.3 6.5 

Electricity use High: Lights run 12–20 

hours daily and the heat-

ing system is run in 

winter. 

Variable: Lights gener-

ally run more than 2–4 

hours daily and the heat-

ing system is run in 

winter. 

Low 

Pest control use Variable: Enclosed envi-

ronment and integrated 

pest management as 

needed 

Variable: Enclosed envi-

ronment and integrated 

pest management as 

needed 

Variable: Pesticides, 

herbicides, tilling, 

mulching, weeding and 

integrated pest manage-

ment 

Production (heads of lettuce/acre/year) 5,000,000 1,600,000 50,000 

Source: Modified from Coyle and Ellison, 2017. 
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consumption advantages, there are benefits related 

to food production, including individual and com-

munity health, and community development 

potential.  

 CFPS provide improved capacity for the pro-

duction of local produce such as leafy greens, 

which may improve nutritional security, and 

improve food-related health outcomes in the north 

(Fallovo et al., 2009; Loring & Gerlach, 2009). 

Opportunities for more flexible placement of 

CFPS in locations close to markets can optimize 

transport efficiency and reduce the time between 

harvest and consumption (Gómez et al., 2019; 

Newbean Capital, 2017). Additionally, these sys-

tems can be placed in areas with larger populations 

and a more accessible and available workforce. A 

larger population also enhances the potential for 

utilizing volunteers to reduce production costs and 

contribute to community development through 

expanded social networks (Lawson, 2005; New-

bean Capital, 2017). While CEA and CFPS vary in 

complexity and the use of technology, automation 

is making the systems more user-friendly. These 

technological advancements allow for community 

development through increased employment 

opportunities and business ventures, even for those 

with limited or no horticultural experience 

(ColdAcre Food Systems, 2020; Newbean Capital, 

2017). 

Disadvantages 
CEA and CFPS have limitations in their suitability 

to support crop production (Sardare & Admane, 

2013). For optimum utilization of space in an 

enclosed environment, crops are grown vertically 

in several layers on shelves. Short-stature, fast-

growing plants such as lettuce, leafy greens, and 

culinary herbs work best in these types of cropping 

systems. Crops requiring trellising or several 

months to harvest may be less cost-effective. The 

controlled sanitized environment of CFPS allows 

for effective pathogen and pest management. 

However, a breach allowing pathogen entry into a 

pest-free environment can result in significant and 

rapid crop failure (Raviv et al., 2019; Sardare & 

Admane, 2013).  

 The need for energy for heat and power is 

large in CFPS and greenhouses (Sambor et al., 

2020). Given the current energy demands and 

issues in the north associated with so many remote 

communities being reliant on diesel generators, 

adding yet another energy burden to some com-

munities may prove to be a significant barrier to 

successful adoption (Cherniak et al., 2015). Note, 

however, that there are ongoing debates about 

energy consumption and greenhouse gas emissions 

of local CFPS food production versus industrial 

agriculture. When the life cycle assessment (pro-

duction, processing, distribution, and consump-

tion) is considered, and when the sustainability of 

local production is compared to that of food 

imported from industrial operations, the entire life 

cycle of the food must be considered (Edwards-

Jones et al., 2008). So far the general consensus is 

that sustainable food production systems are vari-

able, but most effective when designed in place-

based and culturally situated ways (Edwards-Jones 

et al., 2008; Gómez et al., 2019; Sambor et al., 

2020).  

 For several decades there have been recurring 

discussions and concerns about CEA with respect 

to nitrate accumulation and potential health con-

cerns (Sideman, 1999). Nitrate accumulation can be 

a risk for plants and particularly for leafy greens 

grown indoors, especially where light levels, nitro-

gen inputs, or crop storage are not managed appro-

priately. Nitrate levels exceeding the recommended 

limits can cause negative health outcomes related 

to gastrointestinal illness, oxygen transport in 

infants, and exposure to carcinogens in adults 

(Santamaria, 2006; Sideman, 1999). An increased 

accumulation of nitrate in leafy greens tends to be 

correlated with low light conditions. Earlier pro-

duction efforts in indoor farming used fluorescent 

lighting rather than LEDs. With the new LED 

technology, light levels are now approaching or are 

similar to those found in a greenhouse or a field 

during summer conditions. Earlier reported 

findings of increased nitrate levels may therefore 

not apply or be accurate for current and more 

efficient indoor production approaches (Bian et al., 

2020). On the other hand, poor management in 

any type of production system with excessively 

high or inappropriate fertilizer levels or inadequate 

climatic conditions can be expected to result in 

limited production and diminishing nutritional 
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quality resulting from excessively high levels of 

nitrate. 

Social, Ecological and Economic Factors 
to Consider in Containerized Food 
Production System Projects  
Containerized food production systems can 

improve the availability, access, variety, and quality 

of produce in northern regions; however, place-

based social-ecological conditions affect the suc-

cess or failure of a CEA system in each setting 

(Gómez et al., 2019; Mier y Terán Giménez Cacho 

et al., 2018). Exploring existing and past local food 

production systems such as community gardens 

may help with identifying factors and conditions 

for successful local food production, in both rural 

and urban cases (Lawson, 2005). Equally impor-

tant, exploring local food production as an effec-

tive community response to change encourages a 

systems approach where social, environmental, and 

economic conditions interact with each other in 

effective and functional ways (Spring et al., 2019; 

Walker & Salt, 2006).  

Social and Institutional Factors 
The available research on the social, cultural, eco-

nomic, and institutional constraints and opportuni-

ties for CFPS remains limited, but community 

gardening, greenhouses, and other local production 

systems provide details about the social and institu-

tional conditions necessary for successful local 

food production initiatives (Gómez et al., 2019). 

Important factors in most cases include the extent 

of community interest in locally produced food, 

adequate ownership and/or leadership, education, 

policies that help rather than hinder (Loring et al., 

2011), and strong social networks that foster coop-

eration and community engagement (Eyssartier et 

al., 2008; Lawson, 2005; Loring & Gerlach, 2010). 

 CFPS and other local food production 

initiatives require community support, interest, and 

engagement (Lawson, 2005). Support for local pro-

duction often results from problems in the existing 

food system and/or changing social-ecological and 

climatic conditions, or, sometimes, land-use con-

flicts (Spring et al., 2019; Wesche & Chan, 2010). 

For example, northern communities have limited 

fresh produce options available, and this selection 

decreases during the winter. The produce available 

is often low in nutritional quality, in poor condition 

with respect to freshness and quality, and expen-

sive (Loring & Gerlach, 2015). Urban communities 

may desire local production to decrease food mile 

vulnerabilities, but another commonly expressed 

interest in urban communities is the desire to 

reduce the environmental footprint of their food 

consumption (Eigenbrod & Gruda, 2015). Food 

security issues and environmental sustainability are 

often leveraged to foster interest and support in 

local food production (Eigenbrod & Gruda, 2015; 

Lawson, 2005; McKay, 2018). While local interest 

is essential for the success of CFPS, so too is 

effective leadership and ownership. 

 Effective leadership is necessary for both the 

implementation and long-term viability of CFPS. 

Throughout the history of community gardening, 

greenhouses, and other local food production 

strategies, leadership and ownership have come 

from NGOs, communities, private enterprise, and 

individuals; the role of government is sometimes 

effective, and sometimes not (Eyssartier et al., 

2008; Gómez et al., 2019; Lawson, 2005). Regard-

less of who the owner is, committed leadership 

with the long-term interest and commitment, eco-

nomic and cultural investment, and viable opera-

tions plans are required for the success of local 

food production (Lawson, 2005). Community 

gardens have been used in some rural northern 

settings for generations (Loring & Gerlach, 2010).  

 In some circumstances, community gardens 

have been developed in response to an immediate 

crisis, with the victory gardens during World War 

II but one example (Lawson, 2005). The gardens 

and garden programs that emerged were often 

implemented without long-term operations in mind 

and often ceased to exist following the crisis 

(Lawson, 2005). In other cases, local production 

from community gardens or greenhouses has been 

engrained in the community and culture across 

generations, resulting in both the practices and 

growing spaces thriving over multiple generations 

(Eyssartier et al., 2008; Loring & Gerlach, 2010). 

While local food production is enhanced through 

successful leadership, support from governments 

may help create conditions that encourage the 

systems to thrive.  
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 Policy and governmental support are critical 

for CFPS and other local food production strate-

gies. The global expansion of industrial agricultural 

and associated practices has resulted in policies that 

are best suited for large-scale farming systems 

(Blay-Palmer et al., 2020; Paredes et al., 2019). At a 

minimum, policy should not be a barrier to CFPS, 

and in the best circumstances, it should support 

and/or incentivize individuals or groups to adopt 

the technology where it is locally appropriate and 

desired. In 2015, the Milan Urban Food Policy Pact 

was ratified by mayors from all over the globe, and 

it explicitly acknowledges the importance that 

urban centers play in the food system and high-

lights the need for these centers to actively parti-

cipate in and promote the transition to sustainable 

food systems (Blay-Palmer et al., 2020). Top-down 

endorsements such as this may help lay the founda-

tion for local and regional policies that are suppor-

tive, but by themselves are not enough.  

 Strong social networks are critical for knowl-

edge transmission, and for formal and informal 

education related to CFPS. Knowledge transmis-

sion is critical for success for multiple reasons, 

including skill development for those adopting new 

or existing horticultural practices (Eyssartier et al., 

2008), as well as communications and education 

within a community (Coyle & Ellison, 2017). The 

community not only serves as a consumer but can 

be a champion to gain further support for the 

implementation of CEA (Parmentier, 2014).  

 Communication and education are important 

to most producers, although with hydroponically 

grown produce these may be essential for success. 

This is the case because some consumers have a 

limited understanding of the hydroponic growing 

process and are reluctant to purchase produce 

from these growing systems as some consider them 

to be “unnatural” (Coyle & Ellison, 2017; Gerlach 

et al., 2011).  

Economic Factors 
Economic research on CFPS is also limited, par-

ticularly in the context of rural systems and Indi-

genous communities (Gómez et al., 2019). How-

ever, there are some conditions that need to be 

addressed in most circumstances for successful 

implementation and operation. 

First, there must be adequate funding in place to 

purchase and install the system, as well as to 

finance operations (Tokunaga et al., 2015). Secure 

operational financing is important, as the return on 

investment of CFPS is slow in many cases (New-

bean Capital, 2017). There have been many dif-

ferent approaches to securing funding and launch-

ing CFPS systems, with private enterprise being 

very common, but another promising model is 

based on social enterprises (Gómez et al., 2019; 

Lawson, 2005).  

 Social enterprise models are generally less 

directly concerned with profitability and return on 

investment and thus can access diverse funding 

opportunities through schools, governments, and 

donors—opportunities that enhance the chances 

for success (Gómez et al., 2019; Reisman, 2012). 

As a social enterprise or community-based initia-

tive, CFPS may be better situated to capitalize on 

the numerous successes that greenhouses and 

community gardens have experienced so far. These 

successes include operations that support educa-

tion and research opportunities in the community, 

provide leisure activities for community members 

and volunteers, improve mental health and well-

being for individuals, and help build stronger com-

munity ties (Gómez et al., 2019; Lawson, 2005; 

Reisman, 2012; Relf & Lohr, 2003).  

 Shifting the focus to operations that emphasize 

community development over profit not only gives 

CFPS a more diverse range of funding options, but 

also takes the pressure off system managers with 

respect to profitability and maximizing sales. While 

specific evidence of CFPS being used for commu-

nity development is lacking, local food system 

development is a common strategy applied for 

community development. This may include farm-

ers markets, community supported agriculture 

enterprises, urban farming and agriculture projects, 

and food hubs (Deller et al., 2017). Different 

models for CFPS applications should be explored 

to identify sustainable operations for northern 

communities that effectively balance community 

and economic development.  

 In many cases, locally grown produce such as 

those from CFPS and other CEA applications are 

more expensive than produce from industrial agri-

culture (Coyle & Ellison, 2017; Gómez et al., 
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2019). This factor complicates the application of 

CFPS in northern communities, although in some 

cases even a more expensive locally sourced prod-

uct is preferred to an imported product (Edward-

Jones, 2008; Gómez et al., 2019). This preference 

can come from consumers’ strong desire to sup-

port local production and consumption, a general 

interest in environmental sustainability, or the lack 

of other options (Gómez et al., 2019). In those 

cases where more expensive produce is not feasible 

for community members to obtain, not-for-profit 

social enterprise models or alternative community-

driven approaches may develop solutions for CFPS 

applications that provide locally grown produce 

that is accessible to all in the community (Gomez 

et al., 2019; Moragues-Faus, 2019).  

 When applied in a northern urban setting, 

CFPS have unique opportunities due to the larger 

population base, such as partnering with restau-

rants where they can establish more financially 

sustainable operations (Gómez et al., 2019). Res-

taurant partnerships are less viable in rural com-

munities with low populations and few to no 

commercial restaurants; however, in locations such 

as Northern Canada, Alaska, or even an island like 

Hawaii, where most of the food is imported and 

costs are high, there is an opportunity for CEA and 

CFPS to be competitive (Tokunaga et al., 2015). 

Ultimately, the place-based dynamics and commu-

nity needs will dictate the economic conditions that 

will be most successful for the operation (Gómez 

et al., 2019; Tokunaga et al., 2015). 

Environmental Factors 
Given that CFPS and greenhouse internal produc-

tion environments are buffered from the uncer-

tainty of external environmental conditions, system 

operations may still be affected by external envi-

ronmental conditions, such as extreme cold or heat 

influencing the ability to maintain appropriate 

internal temperature and humidity. The operation 

of these systems may in turn impact the environ-

ment by its footprint on the landscape and through 

waste products such as nutrient-heavy water, waste 

crop products, and emissions from diesel genera-

tors (Edwards-Jones et al., 2008; Raviv et al., 2019).  

 The literature relating to northern and cold-

climate applications of CEA, and specifically CFPS 

systems, is still limited, and in some cases, cold 

climate applications in large urban environments in 

the northern U.S. such as New York and Boston, 

or urban centers in Northern Europe have received 

the most attention (Gentry, 2019; Goldstein et al., 

2016). These systems and centers differ in both 

population demographics and environmental con-

ditions from the northern communities in Canada 

and Alaska that we are specifically interested in 

here. However, with increasing interest in indoor 

and vertical farming across northern Canada, 

regional systems are now beginning operations 

(ColdAcre Food Systems, 2020; Gordon, 2021), 

and these may inform future research and applica-

tion. Even with the limited data available now, 

there are a number of known conditions that need 

to be addressed for successful cold climate 

implementation.  

 Northern CFPS must be sufficiently durable to 

withstand extreme temperature and weather, while 

still maintaining stable internal temperature and 

environmental conditions for plant health and 

growth. Managing the temperature, ventilation, and 

dehumidification requirements of a system be-

comes more challenging in northern environments, 

with significant temperature differences between 

seasons, meaning that the system design must 

factor in a wide range of potential outside environ-

mental conditions (Gómez et al., 2019; Raviv et al., 

2019; Solvest Inc. & ColdAcre Food Systems, per-

sonal communication, 2019). Maintaining the heat-

ing and dehumidification requirements of CFPS in 

a northern climate requires access to adequate, 

consistent, reliable, and backup energy sources, as 

power failure may result in crop loss (Goldstein et 

al., 2016). The energy intensity of these systems 

raises questions about sustainability in the context 

of carbon emissions, particularly as there are still 

numerous communities in the north that rely on 

diesel generators (Cherniak et al., 2015; Coley et al., 

2009).  

 While northern urban communities, along with 

many communities along main highway networks, 

are connected to the power grid, many remote 

communities are still completely reliant on diesel 

generators (Cherniak et al., 2015). This complicates 

CFPS applications as diesel is not only environ-

mentally unsustainable but is also becoming 
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increasingly expensive to operate in remote 

northern communities (Cherniak et al., 2015).  

 This raises the question of integrating CFPS 

with alternative energy sources and developing 

microgrids to improve system sustainability, and 

for developing resilient communities. Various 

renewable energy sources are available, such as 

solar, wind, and hydropower, with some regions 

having geothermal potential; however, in most 

cases, a single renewable source is unlikely to meet 

all energy needs. This leads to the conclusion that 

in conjunction with a diversified food system, a 

complementary diversified energy system would be 

beneficial and is needed (Cherniak et al., 2015). 

 Containerized systems, while primarily closed, 

still generate waste in the form of crop residues 

and wastewater (Chiew et al., 2015). The waste is 

often safely discarded, although wastewater can 

have adverse environmental impacts, particularly at 

larger scales where it may accumulate, similarly to 

fertilizer runoff and eutrophication (Goldstein et 

al., 2016). While this waste product, like many 

other waste products, is perceived as a burden, 

there may be an opportunity for repurposing it, 

such as wastewater being utilized for liquid fertili-

zer in open field gardens or greenhouses, and waste 

plant material being composted (Chiew et al., 

2015). Local communities need capacity, education, 

interest, and knowledge to manage these issues. 

Major Challenges for Successful 
Containerized Hydroponic Food Production 
Systems in Northern Communities 
Containerized production has the potential for im-

proving food and nutritional security in the context 

of changing social-ecological systems, although 

there are a significant number of challenges and 

uncertainties facing its widespread adoption, which 

is why further work is needed. Improved growing 

protocols for a diverse range of culturally preferred 

crops, scalability, yield output, durability, and eco-

nomics are some areas that need to be addressed 

(Gómez et al., 2019; Newbean Capital, 2017).  

Growing Protocols 
There are useful demonstrations of a wide range of 

crop production outputs in controlled environ-

ments, including but not limited to leafy greens, 

tomatoes, various berries, root crops such as pota-

toes and carrots, and medicinal plants (Asaduzza-

man et al., 2013; Ritter et al., 2001; Treftz & 

Omaye, 2016). Growing protocols for many crops 

are still limited, particularly in soilless applications, 

and while produce such as potatoes and carrots can 

be grown hydroponically, the growth rate, nutri-

tional value, or aesthetic quality may vary 

(Asaduzzaman et al., 2013; Ritter et al., 2001). 

Based on the authors’ personal communications 

with hydroponic growers in Yukon, these crops 

can be grown, but it is difficult and the results are 

sometimes less than optimal due to small yields and 

inconsistent results (Solvest Inc. & ColdAcre Food 

Systems, personal communication, 2019).  

 Given the long history of gardening in north-

ern Indigenous communities with an emphasis on 

root crops, coupled with the challenges of outdoor 

growing in northern climate and weather situations, 

there is still a preference for root crops, especially 

among Indigenous Elders (Loring & Gerlach 

2010). Before CEA will be widely adopted and 

accepted, research identifying suitable growing 

techniques for these crops is needed. 

Scalability and Outputs 
Containerized systems are efficient in terms of 

crop yield per acre for some crops, like leafy 

greens, although scalability and produce output are 

still challenging. Every community’s needs and 

expectations for food production from CFPS vary, 

in terms of both quantity and types of produce. To 

address these different local and regional expecta-

tions, applications of CFPS must be flexible and 

embrace customizable designs beyond traditional 

greenhouse and hydroponic production methods 

(Gómez et al., 2019; Newbean Capital, 2017).  

 The production outputs claimed in some litera-

ture (Coyle & Ellison, 2017) and industry reports 

(Newbean Capital, 2017) have been criticized for 

being overestimated and difficult to replicate as 

each system has different crop mixes, environ-

mental conditions, scheduling, growing options, 

and production methods (Newbean Capital, 2017). 

Realistic output projections for real-world growing 

scenarios and protocols are necessary for commu-

nities and individuals looking to adopt CFPS as an 

effective response to social-ecological change. 
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Durability 
CEA applications, specifically CFPS, face concerns 

about structure durability in northern and other 

harsh climates (Raviv et al., 2019). A strength of 

CFPS is the potential to reuse and repurpose 

existing structures such as shipping containers for 

environmental sustainability and cost-effectiveness 

(Newbean Capital, 2017). However, structure 

strength and stability may be a concern. In many 

circumstances, the reused structures have already 

experienced adverse weather conditions and deteri-

oration. These issues confirm the validity of con-

cerns about their long-term durability in rural cold 

climate conditions, particularly where many com-

munities lack the capacity to repair these systems in 

the event of a failure. The travel and delivery of 

these repurposed units to remote communities may 

contribute to further deterioration (Newbean 

Capital, 2017; Raviv et al., 2019). Ultimately, any 

repurposed units require an extensive assessment 

to ensure structural integrity. 

Economics 
Research from the container farm industry has 

shown that less than half of CFPS are profitable 

(Newbean Capital, 2017). Some advocates state 

that the entry costs for CFPS can be relatively low 

(Newbean Capital, 2017), and this may be the case 

when compared to purchasing a conventional farm 

in many parts of the world. However, it is clear 

that fixed capital costs and ongoing maintenance 

and operational costs for northern communities 

may prove to be too expensive (Banerjee & 

Adenaeuer, 2014; Gómez et al., 2019; Newbean 

Capital, 2017). The financial challenges may also be 

compounded for northern remote locations due to 

increased delivery costs for the equipment and 

supplies (Newbean Capital, 2017; Tokunaga et al., 

2015). This potentially poor economic outlook for 

CFPS strongly conditions the outlook for social 

enterprise and community-based business models, 

and for well-integrated and diversified approaches 

(Gómez et al., 2019). In addition to community 

development approaches, subsidies and grants may 

provide a feasible approach to CFPS projects in 

northern Canada where existing subsidy programs 

like Nutrition North exist, which subsidizes the 

cost of expensive imported food (Galloway, 2017); 

exploring the use of subsidies to increase local pro-

duction may lead to a more sustainable approach. 

Opportunities for Successful CFPS in 
Northern Communities 
Situating CFPS within the context of effective 

community responses to change, combined with 

literature about successful community gardening 

and greenhouse initiatives, can provide useful 

insights into potential opportunities for CFPS to 

become more widely adopted and to have more 

consistent success. The two opportunities dis-

cussed below are related to integrative systems 

design solutions that include food production and 

energy and water systems, and an increased empha-

sis on the social-ecological network that encom-

passes food production. These opportunities are 

discussed in the context of a recently launched 

research experiment being conducted at the Kluane 

Lake Research Station, Yukon, Canada.  

Kluane Lake Research Station: An Off-grid 
Containerized Food Production Experiment  
The Kluane Lake Research Station (KLRS) in 

Southwest Yukon, Canada, is operated by the 

Arctic Institute of North America and is the home 

of a new fully funded off-grid containerized food 

production experiment. The authors are involved 

in the experiment, and we are working closely with 

a wide range of community members in Yukon on 

the project, including producers and consumers. 

The KLRS experiment serves as the basis for 

applied research on CEA applications in northern 

remote communities, may help to address some of 

the concerns related to CEA applications, and will 

provide communities with valuable information to 

make an informed decision about implementing a 

CEA or CFPS application. The community sup-

port received so far is for the experiment at the 

research station. As research results continue to 

come in, local communities will be in a better posi-

tion to make their own evaluations about whether 

these systems are applicable for their community. 

 The purpose of this research is to provide 

communities across the north with relevant infor-

mation to make informed decisions about the role 

these systems may or may not play in their commu-

nity. While a research station is not a perfect proxy 
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for a rural community, it offers some similar con-

ditions that a community would operate under, 

including remoteness and an off-grid power supply. 

Researching some of the community-specific con-

ditions will be supported through further commu-

nity engagement and with the support of the pro-

ject’s advisory board, which includes representa-

tives from across Yukon, including but not limited 

to horticultural experts, container farmers, First 

Nations communities, urban and rural communi-

ties, and government agencies. Advisory board 

members were identified through existing rela-

tionships and partnerships with communities and 

community organizations around the Yukon.  

 This advisory board is responsible for helping 

guide the research on this project to ensure that 

experiments and research reflect the true wants and 

needs of the communities in the region. The com-

munity engagement aspects of the project include 

conducting surveys and interviews with commu-

nities in relation to CFPS, food distribution, and 

developing education and training materials for K-

12 curriculum and employment purposes.    

 Ultimately, this experiment aims to develop 

knowledge and provide information so northern 

communities can make informed decisions about 

how and if CEA can support their community. In 

addition to the ongoing experiment, future re-

search associated with this program includes a 

meta-analysis of CEA and CFPS literature that will 

serve as a follow-up to this nonsystematic review. 

Integrated Systems Design 
Integrating CFPS with other food production sys-

tems may help address real and perceived disadvan-

tages, increase the likelihood of CFPS being suc-

cessful for local and regional community lead food 

production, and hopefully improve food and nutri-

tional security in remote and northern 

communities.  

 An integrated approach is being applied to the 

experiment at KLRS. In this experiment, a CFPS 

has been installed off-grid with solar energy and a 

battery bank for energy storage, with backup diesel 

power (Allford, 2017). The integration with renew-

able energy sources will help reduce power costs 

for the system, reduce overall diesel reliance, and 

improve the sustainability of CFPS (Cherniak et al., 

2015; Sambor et al., 2020). The integration of 

energy and food systems is also being explored in 

Sweden, where researchers have explored the 

integration of vertical hydroponic systems and 

district heating applications in an urban setting 

(Gentry, 2019).  

 Beyond energy systems, there are opportunities 

to integrate CFPS with water systems. In the case 

of the KLRS experiment, a small-scale off-grid 

treatment system is being installed to treat waste-

water at the research station. While this does not 

currently integrate with the CFPS, it supports resil-

ient community design, and there may be future 

opportunities to better integrate the system com-

ponents into a more functional whole. Addition-

ally, there is evidence that exploring integrative and 

diversified approaches in one location improves 

efficiency and access to resources such as water 

and electricity and may lower overall costs for each 

system component (Davis et al., 2016).  

 Diversified food systems that include various 

local food production sources provide a more 

resilient and sustainable system that can more 

effectively meet food and nutrition requirements 

and have increased protection from food system 

failures or issues that occur in regional and global 

food systems (Blay-Palmer et al., 2020). Exploring 

the integration between and among various local 

food production systems may well improve overall 

local system operation. For example, wastewater 

from hydroponic systems can be repurposed as a 

liquid fertilizer for greenhouses or open field 

gardens, eliminating the need to dispose of the 

wastewater (Chiew et al., 2015). Additionally, soil-

based production can help address challenges 

associated with CFPS related to a variety of crops 

that are not always grown successfully in 

controlled environments using hydroponic 

methods, such as carrots or potatoes. Successful 

integration across various systems will require 

multiple individuals to be involved and a full 

understanding of the social-ecological network 

that controls the local food system (Davis et al., 

2016; Janssen et al., 2006). 

Community Development and Social Networks in 
Diversified Local Food Production  
The research program at KLRS is being completed 
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in close collaboration with a broad local commu-

nity that includes producers and consumers in the 

region to not only ensure the success of this indivi-

dual experiment, but also to develop protocols and 

strategies for successful applications across the 

region. Our emphasis is on finding the best way to 

develop a system that is most useful for remote 

communities. There is limited research on the 

social and institutional factors of CFPS, and the 

ability to effectively address food security and 

dietary-related health issues, particularly in the 

context of rural northern communities, remains a 

work in progress, recent criticism of the approach 

notwithstanding (Kozachenko, 2020).  

 Given the limited research, the concerns about 

the relevance or efficacy of CFPS in addressing 

food security and responding to social-ecological 

change in northern communities may be prema-

ture, particularly when it is understood that local 

food systems are place-based and contextual (Blay-

Palmer et al., 2020; Loring & Gerlach, 2010). Based 

on this understanding, it is critical to not consider 

any food system in isolation from the larger food 

network or social-ecological system; rather this 

must be seen as a component that interacts with 

many other system components, including the 

relationship to local, regional, and global systems 

and their existing production and distribution 

networks.  

 Understanding that many successful commu-

nity gardens and greenhouses have not been “silver 

bullet” solutions but are complementary compo-

nents to an existing food system is paramount in 

reframing how CFPS is perceived in communities 

(Lawson, 2005). Emphasizing CFPS as a 

community-based initiative that is one component 

of a diverse food system that can support sustain-

able community development and effective 

responses to changing social-ecological dynamics 

may result in more successful applications of the 

technology (Blay-Palmer et al., 2020; Walker & 

Salt, 2006). 

 As with greenhouse and community gardens, 

CFPS can improve community support through 

educational initiatives for youth and adults, create a 

social and cultural hub through volunteering 

opportunities and community events, and engage 

individuals in agricultural and horticultural activi-

ties who would otherwise not have these oppor-

tunities (Gómez et al., 2019; Lawson, 2005). 

Achieving these outcomes requires perspectives 

that focus on the interwoven social-ecological 

network associated with local food production, 

instead of a myopic focus on the technology and a 

technological solution to what is fundamentally a 

cultural, social, and ecological problem (Janssen et 

al., 2006). One positive side effect is the building of 

strong networks within the community. This can 

create opportunities for further food system inno-

vation through the integration of diverse knowl-

edge sources, and for collaborative opportunities 

that can inform flexible, place-based, and integra-

tive systems designed to meet local needs (Spring 

et al., 2019; Loring & Gerlach, 2010).  

 The new research program at KLRS involves 

collaboration that supports a better understanding 

of the dietary preferences of the region, along with 

the development of growing protocols and re-

search output for selected produce. This collabora-

tion should lead to a better understanding of the 

dynamic social-ecological network that affects local 

food production, building strategies for both 

understanding and navigating the system (Berkes et 

al., 2008).  

A Final Note 
Given the ongoing and projected challenges with 

existing food systems, change is needed at local, 

regional, and global scales to support diversified 

and resilient food systems that help rather than 

hinder food security and nutritional security 

(Spring et al., 2019). We note above that respond-

ing to these changes does not include developing 

“silver-bullet” solutions, but rather focusing on 

developing place-based strategies and responses 

that are flexible and diversified. Based on this, the 

claims that CFPS cannot and should not support 

food security in northern communities are prema-

ture and counter-productive. CFPS may fit into a 

diversified food system at local and regional scales, 

supporting improved food and nutritional security 

and complementing other system components by 

optimizing resource and infrastructure use, and by 

promoting local food production and community 

development.   
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