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ABSTRACT. Northern communities in Canada are facing a severe housing crisis. Living conditions, including the current
state of the wood-frame houses, are leading to health complications and other severe problems. Additive construction (AC) is
an emerging digital construction technology that could help with this desperate housing situation in the North. AC presents
potential advantages that apply to the North, such as significant reduction of labour, construction, and material costs, as well
as reduction of construction waste. Fewer skilled workers required to travel from the South and less material required to
print houses in a short time will help decrease costs related to construction. As with any new technology, there are potential
challenges that should be addressed, such as its economic, social, and environmental impacts; method of transportation; and
performance in a cold climate. In addition to that, when designing and printing houses in the North, it is important to consider
the social and cultural factors that will influence successful market adoption.

Keywords: 3D printing; 3D printed construction; 3D construction printing; 3D additive construction; digital construction;
affordable housing; alternative construction technologies

RESUME. Les collectivités nordiques du Canada font face a une grave crise du logement. Les conditions de vie de méme que
’état actuel des maisons a ossature en bois posent des problémes de santé et d’autres difficultés majeures. La construction
imprimée en 3D (AC) est une technologie de construction numérique émergente qui pourrait contribuer a améliorer la situation
désespérée du logement dans le Nord. La technologie AC offre des perspectives prometteuses pour le Nord, notamment une
réduction significative de la main-d’ceuvre requise, des colits de construction et des déchets de construction. De plus, avec
moins de travailleurs qui doivent se déplacer du sud vers le nord et une quantité moindre de matériaux nécessaires pour
imprimer rapidement des habitations, cette innovation contribuera également a maitriser les colits de la construction. Tout
comme pour toute nouvelle technologie, I'impression de maisons souleve des défis, tels que les répercussions économiques,
sociales et environnementales de cette méthode de construction, I'impact sur le transport et I’efficacité des habitations dans les
climats froids. De plus, pour que cette technologie soit adoptée sur le marché dans le Nord, il est important de tenir compte des
facteurs socioculturels susceptibles d’influencer son succes.

Mots-clés : impression en 3D; construction imprimée en 3D; impression de construction en 3D; construction additive,
logement abordable; technologies de construction de rechange

Traduit pour la revue Arctic par Nicole Giguére.

INTRODUCTION

The housing situation in the North has reached a crisis
level. There are four major problems: a severe housing
shortage, overcrowding, hidden homelessness due to long
waiting lists, and poor housing quality (Coates, 2018).
Mumilaaq Qaqqaq (2021), a former MP for Nunavut, has
also documented the unacceptable living conditions in the
North with real life examples.

The current building practice in the North uses
techniques and materials optimized for the relatively mild
and predictable climate of the South. Materials such as
wood and plasterboard are expensive to transport, perform
poorly in the North, and emit large amounts of CO, to
manufacture and process. In addition, research reveals
respiratory illnesses caused by moulded plasterboard and

wood frame, another proof that conventional construction
techniques are not working in the North (Kovesi et al.,
2022) (Fig. 1).

In the last few decades, a new construction technology
has started to emerge that has the potential to change the
way we build our communities: additive construction (AC).
Although its origin dates back to the 1940s, in the past ten
years we have witnessed a rapid development of the AC
technology, which has significantly increased the number of
3D-printed structures (Bos et al., 2016; Urschel, 2017).

In principle, AC is a computer-controlled process that
sequentially layers materials to create three-dimensional
shapes and structures. The technology is described as an
“additive, layer-by-layer construction method with the
potential to reduce material consumption, optimize design,
decrease construction time, lower labour requirements,
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FIG. 1. House in disrepair in the North constructed with conventional materials. Credit: Karen Pauls, CBC. https:/www.rcinet.ca/en/2019/10/21/new-un-report-
scalds-canada-for-indigenous-housing-conditions/.

minimize logistical demand, improve sustainability, and
reduce costs as compared to conventional construction”
(Schuldt et al., 2021:1) (Fig. 2).

AC technology is no longer experimental, and nowadays
families are living in fully functional printed houses.
Canada’s first 3D-printed, multi-unit houses were built in
2022 (Fig. 3). Located in Leamington, Ontario, four houses
of 52 m? (560 ft?) each were printed in 200 hours with a
total budget of $600,000 (Nidus3D, 2022) (Fig.3).

AC technology is a promising candidate to solve the
housing crisis in the North. In addition, “using funds
currently allocated for standard house construction, the
transition to 3D-printed homes could contribute to a more
rapid elimination of the shortage of housing in the North”
(Coates, 2018:10). Sustainable, healthy, affordable, and
net-zero energy-ready houses could be printed year-round
by using mostly local materials, without relying heavily
on building materials and skilled workers brought in from
the South. The potential of AC to reduce labour, material,
supply, and construction costs is seen as a major advantage,
however, implementing this technology in the North
requires more research. This brief article aims to introduce
the AC technology and discuss its advantages and potential
application in the North.

WHAT IS 3D PRINTED CONSTRUCTION?

Before comparing AC with conventional construction
techniques, it is critical to understand how the technology
works. Buchanan and Gardner (2019:333) describe AC as an

automatic process as follows: “These methods all broadly
follow the same workflow process: firstly, a 3D CAD model
is created; this is then sliced into a series of building layers;
this information is then sent to the processing machine,
defining the location of the building head; and finally, the
part is built up layer-by-layer.”

This process can be highly customized to focus on
aspects such as design optimization, structural integrity,
specific resiliencies, and reduced material usage. AC can
form the majority of a structure entirely from a 3D model,
using materials such as concrete, foams, and earth matter.
This process can be performed either on-site or components
can be prefabricated off-site and transported to the building
location.

COMPARING AC WITH
CONVENTIONAL CONSTRUCTION

Maturity

Conventional construction uses a well-established
protocol that is limited only by human factors, materials,
and timelines. It has a large standing workforce, stringent
guidelines, public acceptance, and well-tested techniques.
AC, on the other hand, is a new technology characterized
by technological advancement, geometric optimization,
lower costs, reduced labour, improved logistics, and
condensed timelines (Sheikh and Sharma, 2020; Schuldt
et al., 2021). This new technology also has the potential to
increase productivity through shorter timelines, smaller
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FIG. 2. 3D printer gantry system printing a wall section. Source: https:/weprinthomes.com/.

supply chains, and technological innovations such as
automation, recycling of material waste, less reliance on
heavy machinery, and efficient use of materials.

Digital and Flexible

Conventional construction is a field with low
customization and is often viewed as a low-tech industry
with low levels of innovation (Dubois and Gadde, 2000;
Harty, 2008). However, unlike conventional methods,
AC generates a construct directly from a digital file and
is capable of customization to a great degree without
incurring additional costs (Hague et al., 2003; Gao et al.,
2015; Buchanan and Gardner, 2019). Designs can be made
and uploaded remotely. The complexity of a 3D building
becomes irrelevant once it is sliced into two-dimensional
layers, because the printer can generate the more complex
shapes of each layer without any appreciable changes
in material consumption or timeline. 3D models can
also be more effectively communicated and edited than
conventional blueprints or design sketches (Camba et al.,
2014). Whether the design is simple or highly intricate,

cost is always dependent on the technology employed,
the materials used, and the size of the building being
constructed.

Environmental Impact

Conventional construction is notorious for its negative
environmental impact (Wu et al., 2016; Camacho et al.,
2018; Schutter et al., 2018; Han et al., 2021). Current
construction techniques are responsible for 40% of
the world’s material and energy use, as well as 38% of
greenhouse gas emissions (Dixit, 2019a; 2019b; Schuldt
et al., 2021). Overall, AC has the potential to reduce the
environmental impact of construction by optimizing
material consumption, recycling wasted materials, and
eventually using ecofriendly materials. Estimates place
the overall reduction of the environmental impact at 50%
(Gebler, 2014; Schutter et al., 2018), reduction of material
consumption at 40% (Verhoef et al., 2018), and reduction of
waste at 30% (Perkins and Skitmore, 2015). However, in the
current state of the technology, whether or not AC uses less
energy than conventional construction methods depends on
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FIG. 3. Views of Canada’s and North America’s first 3D printed MURBs
(multi-unit residential buildings). Source: https://nidus3d.com.

the printer system and the materials used. Some literature
reports that AC uses less energy, whereas others point to
higher energy use than conventional methods.

Cost

One cost benefit of AC is the elimination of the need for
formwork (Nematollahi et al., 2017). Given that scaffolding,
concrete moulds, and their associated labour requirements
typically account for 35%—60% of the total construction

cost, AC can generate substantial monetary savings (Bos
et al., 2016; Schutter et al., 2018). Eliminating the need
for formwork not only reduces construction waste, but
also reduces both materials and labour, cutting out a time-
consuming step in the construction process (Ghaffar et al.,
2018; Schuldt et al., 2021).

Restrictions

Conventional construction, with its well-established
protocols, technologies, techniques, and materials, has no
significant restrictions. While 3D printing claims a number
of advantages compared to conventional construction
methods, it also has limitations and risks that require
special attention before this emerging technology can be
adopted (Wu et al., 2016). The current restrictions of AC
are mostly linked to system and technological limitations.
For example, the ability to print only one material type per
machine, and a smaller pool of usable materials than those
available in conventional construction.

Each material has benefits and weaknesses that must
be kept in mind when allowing for the inclusion of other
building systems, insulation, reinforcement, or surface
finishing.

The technique is based on the extrusion of a material
directly on the previous layers. Therefore, overhangs and
structures such as ceilings, multiple storeys, and roofs
require clever workarounds and additional labour. Such
issues add to the front-end planning of construction with
3D printers. However, as the technology matures, more
improvements and viable techniques may emerge with
increasing rapidity.

Although surfaces can be treated to achieve any kind
of finish, the printing process creates visible layers and
uneven wall surfaces that may require smoothing, based on
preferences.

The equipment required for AC runs on electricity. This
can potentially add extra demand on the diesel-generated,
isolated network of the northern communities. Therefore,
further studies are needed to estimate and analyze the
power consumption of this technology and find ways to
design components that are as energy efficient as possible.

It is important to note that, with the correct materials
and skilled labourers, conventional construction can
generate any components necessary to build a complete and
livable structure. This is unlike the current AC technology,
which often can generate only structural components
such as walls, floors, and supporting structures, but not
overhanging components (such as roofs, ceilings, and
multiple floors). What AC does achieve is the automated
completion of the bulk of construction using a single
material, such that the major resource-demanding and
time-consuming aspects of construction are completed in a
faster and more cost-effective manner. Therefore, while the
two technologies look like rivals, AC, in its current state,
still relies on conventional methods to create some parts of
a structure and its subsystems.
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NORTHERN SPECIFIC POTENTIAL ADVANTAGES
Reduced Labour Cost

Currently, construction in the North is expensive and
challenging because it is far away from major urban or
industrial zones and depends mostly on seasonal labour
travelling from the South. Reducing reliance on imported,
seasonal skilled workers is one of the main benefits of AC.
Automating the construction industry through AC can help
mitigate labour shortages at remote locations because this
technology requires fewer workers and is less vulnerable
to a lack of skilled labour (Perkins and Skitmore, 2015).
This decrease in labour requirements also simplifies
transportation logistics, because fewer workers need to
travel to the remote location and commute to and from
the jobsite each day (Rouhana et al., 2014). In addition to
logistics, other cost benefits related to labour include a
reduction in overhead costs because less supervision is
required, improvement in productivity, and fewer errors
(Rouhana et al., 2014; Garcia de Soto et al., 2018).

Labour costs in conventional construction are often
higher than material costs. In AC, these proportions are
reversed, and the labour costs are less than half of the
material costs (Kreiger et al., 2019; Smith, 2012). This
correlation plays an important role in remote locations such
as the North.

Reduced Construction Cost

Reduction of costs related to human involvement is
not limited only to workers in the North. AC has been
referred to as an emerging technology that aims to
reduce construction industry costs through the automatic
construction of a building’s components directly from a
digital file without human intervention (Ghaffar et al., 2018;
El-Sayegh et al., 2020).

As Schuldt et al. (2021) stated in their report on
AC in remote environments, the costs of construction
planning and design are expected to decrease because
of advancements in 3D modelling, building information
modelling, and other technologies. In fact, one study
compared different methods of constructing a structural
wall and found that AC is 10%—25% cheaper than the cost
of building with concrete masonry units, and 25%—37%
cheaper than the cost of cast-in-place construction (Kreiger
et al., 2019). This effect would be more pronounced in
remote environments (Schuldt et al., 2021).

Reduced Material and Supply Cost

Another challenge for the current construction sector
in the North is the high material cost related to the long
and challenging supply chain. AC potentially simplifies
construction logistics and management through a
shorter supply chain and a lower equipment and material
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transportation time, both of which increase productivity
(Sakin and Kiroglu, 2017; Schuldt et al., 2021).

AC has the potential to shrink the supply chain by
printing objects on demand, thus eliminating the lead time
for materials that need expedited delivery. This process
increases productivity, which otherwise would have
been affected by late deliveries (Camacho et al., 2018).
In addition, AC can potentially use locally sourced or in
situ materials when available and accessible. Using local
materials reduces or even eliminates the transportation
of material transportation logistics to remote, hard-to-
reach locations and reduces the need to store and maintain
extensive material inventories (Ford and Despeisse, 2016).
Using raw earth materials also eliminates the lead time for
obtaining materials, thereby shortening the supply chain.
As Schuldt et al. (2021) indicate, material costs can also be
reduced by optimizing the design to avoid over-engineering,
thus reducing material waste, leveraging the use of locally
sourced or recycled resources, and minimizing the need for
material transportation and storage.

Waste

Waste management is a very serious problem all
across the North, and construction is considered a major
contributing factor (Oceans North, 2021). Regardless of
the material extruded from the 3D printer, AC technology
uses only the amount of material needed, which is placed
with a high degree of precision only where necessary. This
eliminates both formwork and waste (Ford and Despeisse,
2016; Verhoef et al., 2018). Additionally, properly planned
architectural layouts and material selection provide the
opportunity to reduce overdesigning and material waste.
This optimizes material usage and decreases wastefulness,
while still allowing for a high degree of design freedom.
Application of these principles makes building highly
individualized yet efficient structures a possibility (Agusti-
Juan and Habert, 2017).

NORTHERN SPECIFIC POTENTIAL CHALLENGES
Economic Impact

The construction industry plays an important role in
the local economy in the North (Labonnote et al., 2016).
Multiple sectors benefit from the temporary labour force
that comes to the North during the construction season;
workers need accommodation, food, and other living
provisions during their stay. Some authors have pointed
out that the reduced need for labour could be politically
destabilizing for some economies (Campbell et al., 2011).
This potential impact of the AC technology on the local
economy could be mitigated by using the local labour and
supply chains.
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Social Impact

The current construction industry relies on high-skill,
labour-intensive conventional processes, not conducive to
adaptation of automation technologies (Khoshnevis et al.,
2016; El-Sayegh et al., 2020). Since most of the 3D printing
process is highly automated, the workforce required in
the construction process can be significantly reduced
(Wu et al., 2016). The social impact of AC is highlighted
by El-Sayegh et al. (2020:34) as having a “negative effect
on the existing construction workforce and creating social
problems in some communities that rely on construction
activities.” It is believed that “3D printing will reduce
the need for large numbers of construction workers and
although this is considered a benefit, as it reduces labour
cost, it is also a disadvantage to those workers whose jobs
will be at risk” (El-Sayegh et al., 2020:34). While it is clear
that the use of 3D printing technology in construction
lowers the need for traditional construction labour, it
simultaneously presents new opportunities for specialized
jobs with different skill sets such as installation, operation,
control, and maintenance of the 3D printers (Kreiger et al.,
2015; Camacho et al., 2018; El-Sayegh et al., 2020). The
AC technology also has the potential to change the labour
structure, supporting gender equity and a safer working
environment (Ghaffar et al., 2018).

Social and Cultural Factors

The introduction of a novel technology has the potential
to negatively affect the cultural structure of an isolated
community (Coates, 2018), which must be recognized
and mitigated. Regardless of the type of technology to be
introduced to the North, potential cultural impacts must
be studied, preferably in collaboration with the people
who live there and with sociologists who are specialized in
Northern communities.

It is important to acknowledge social and cultural
traditions when building houses in Northern communities.
For example, sufficient room should be included in any
structure that allows family members and company to
visit (BC Housing, 2018; Native Women’s Association
of Canada, 2023). Living with relatives in addition to
immediate family members is a widespread cultural
tradition in the North. Building houses that have room for
each family member to have their own space, while being
able to interact with one another is important. As well,
since it is common for Elders to live with their families,
ensuring that houses are accessible is necessary. Places
in the home where gatherings occur, such as the kitchen
and living room, should be large enough to accommodate
visitors. Incorporating circular structures into areas of the
house where ceremonies occur is helpful for promoting
community. Since hosting gatherings is common, it is
important to include rooms in the house where children
can have their own space. This is beneficial for when
children need a quiet area to rest. Lastly, having a garden

area near or in the house (e.g., LED-powered greenhouses)
can provide a place for people to grow food. Incorporating
these factors will help to strengthen relationships between
family members and members of the community, while
providing spaces to engage in traditional activities (Bowra
and Mashford-Pringle, 2021).

From an architectural point of view, by using AC, it is
possible to print creative architectural forms that align well
with the aesthetic preferences of local cultural norms and
heritage. However, tailoring the architectural design of the
printed Northern houses to the needs, lifestyle, and social
habits of Northerners is equally essential. This is critical
for the acceptance of the novel houses. The Penn State team
followed that principle and designed their house model to
be highly customizable for the needs of the families (Penn
State, 2024). They prepared a questionnaire to collect
feedback from the residents of a site in Alaska on how they
live and asked about their expectations for the homes. They
created a “rule-based design system,” which generates
“diverse housing solutions that take a family’s needs into
account by offering different options for kitchen sizes,
bathroom and room numbers, and relative locations” (Penn
State, 2024:paragraph 19). Figures 4a and 4b show the
resulting customizable house design.

The Penn State team is definitely moving in the right
direction by learning what users need and by designing
the 3D-printed houses to address those needs. However,
the house they are planning to print cannot be changed
once completed; therefore, the house cannot be adapted to
respond to a family’s changing needs. Modular construction
might be a better alternative for a more flexible 3D-printed
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FIG. 4. The customizable house design (front 4a and back 4b) developed by
Penn State University for a project in Alaska.
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FIG. 5. A modular housing concept for the North. This concept was developed by the authors.

house design. Figure 5 shows a conceptual design of
a modular house. Each module has a specific design,
according to its function (e.g., the kitchen module has extra
ventilation and propane tank access, the greenhouse module
has more windows, to promote vegetable growth in the
summer). In the specific scenario displayed in Figure 5, an
extended family grows to include a new member; additive
construction allows the addition of a new room module to
the home. Ideally, these modules would be printed off-site
in a large printing plant, protected from weather and the
elements, so printing can be done continuously regardless
of the weather (Fig. 5).

Environmental Impact

The northern environment has a very delicate balance,
and any new technology introduced in the North must
preserve this balance. In AC, three major components
should be carefully designed and planned: the 3D printer,
the extruded material, and the transportation of the
technology to the North.

3D Printer: The printing process itself can lower
the environmental impact because printers are capable
of being completely electric (Khoshnevis, 2004). 3D
printers can either connect to the local power grid or run
off generator power in remote locations. One study found
that the electricity demand during printer operations
accounted for only 2% of the overall life-cycle emissions
and environmental impact of a 3D-printed wall (Schutter et

al., 2018). The environmental impact of the printing process
itself is negligible in comparison to the environmental
impact of the material’s manufacturing process (Agusti-
Juan and Habert, 2017; Verhoef et al., 2018; Schuldt et
al., 2021). However, considering that the current method
of electricity generation in the North relies on diesel
generators, 3D printers should be designed to be as energy
efficient as possible to reduce the additional demand to the
already overwhelmed and isolated grid.

Extruded Material: The material used in AC is
important and it defines whether the technology is
environment friendly or not. Today’s technology mostly
uses concrete. Considering that the concrete industry is
responsible for 8% of global CO, emissions (Ellis et al.,
2020), using concrete in 3D printing would cancel out the
other positive impacts of the technology. In order to mitigate
the environmental impact of the current AC construction
materials, it would be ideal to switch from using highly
industrialized materials known to have detrimental
environmental impacts and focus instead on developing
renewable extrusion materials, such as geopolymers (Liiv
et al., 2018; Bong et al., 2019; Panda et al., 2019; Schuldt
et al., 2021). Such materials, currently in the design stage,
aim to be more environmentally friendly, produce fewer
emissions, and have less impact on the worldwide material
shortage. Materials that are normally waste, such as waste
from the demolition of buildings or recyclable waste from
factories, could also potentially be used (Howe et al., 2013;
Khoshnevis et al., 2013; Howe et al., 2014; Kading and
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Straub, 2015; Mueller et al., 2016; Roman et al., 2016, 2017,
Prater et al., 2018; Studios, 2018).

Transportation of the Technology: 3D printing can
already be used in certain specialized situations, such as
remote locations and disaster sites (El-Sayegh et al., 2020;
Schuldt et al., 2021), because of the technology’s lower
labour needs, simplified logistics, and reduced material
and energy use. Printers require far less equipment than
traditional construction and are easier to transport and
set up. Furthermore, 3D-printed components are lighter
and therefore easier to transport (Ma et al., 2018; Hensley,
2021). AC also decreases the transportation impact, fuel
consumption, and associated emissions of construction by
reducing, or potentially eliminating, the need for diesel-
powered heavy construction equipment and for commuting
workers to the job site (Smith, 2012; Perkins and Skitmore,
2015). However, if not planned carefully, the transportation
cost of the printer to the site can be difficult and expensive
because of its size (Maskuriy et al., 2019; Schuldt et al.,
2021).

Performance in Sub-Zero Temperatures

One of the most apparent challenges for construction
in the North is the extreme cold weather. Similar to
conventional construction, on-site 3D printing is also
weather dependent (Lim et al., 2012). Although some
printers have been shown to operate in —25°C (Demyanov
and Popov, 2019), which could potentially extend the length
of the productive season for home building, in general AC
printers need a controlled environment to operate properly
(Camacho et al., 2018)—and in most cases, these conditions
are not sub-zero temperatures. Most construction sites
in the North would be challenging for AC because of
inconsistent environmental factors such as precipitation,
temperature or humidity, dust and debris, and variable
lighting conditions (Kazemian et al., 2019). On the other
hand, assuming the house design is modular, printing
individual parts off-site in a controlled environment, and
later transporting the parts to the site for assembly would
allow continuous printing of building parts. Demonstrating
such a potential as innovation progresses will increase
the possibility of using robotic systems in challenging
environments (Rieuf et al., 2017).

CONCLUSION

The severe housing crisis in the North could be
alleviated by using 3D printing in construction, as this
technology decreases the need for labour, logistics, and
cost while providing a high degree of customization. 3D
printing can generate affordable homes through specialized
construction, Northern communities can be trained to
perform. Specially engineered materials and prospective
designs can be weather resistant, safe, and durable, and be
customized to reflect local cultural needs.

At this writing, AC technology is beyond the
experimental phase and is regarded as a ready-to-use
technology. However, unique and large-scale projects still
require trial data and custom-made materials and printers.
The technology is still relatively young and has a wide range
of opportunities for further research to address, including
finish quality issues, low carbon material development, and
other current limitations and future improvements.

Nevertheless, with the recent technological
developments, AC has the potential to transform the
construction industry in the North. Similar to other new
technologies introduced to well-established markets
dominated by conventional technologies, there is always
a transition period, and the acceptance and successful
transition depends on some impactful factors. Currently,
AC is in such a transition period, and a lot more research
still needs to be completed. Nonetheless, the AC technology
can be a promising solution for the housing crisis in the
North.
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