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Embodying circularity through usable relocatable modular buildings

ABSTRACT

Purpose: Global megatrends such as urbanization and ageing of the population result in fast-paced
demographic changes, which pose different types of challenges for different regions. While many
rural municipalities bear the burden of under-utilized buildings, cities are in a hurry to develop
new ones to meet new space demands. The purpose of this research is to assess the potential of
relocatable modular buildings to address these challenges, following the principles of circular
economy, while at the same time offering usability.

Design/methodology/approach: This multiple case study explores existing relocatable modular
healthcare buildings in Finland. The case buildings host hospital support functions, imaging
services, a healthcare centre, and a care home. The primary data comprises 21 semi-structured
interviews and observation during factory and site visits.

Findings: Based on the findings, relocatable modular buildings have many benefits, and provide
a viable option for cities and municipalities struggling to meet their fluctuating space demands.
Some challenges were also identified, mainly derived from the dimensional restrictions of the
modules.

Originality/value: This research contributes to the emerging body of knowledge on circular
economy in the built environment. More specifically, the research provides a very concrete
example of circularity, and details a framework for usable and relocatable modular buildings. In
conclusion, relocatable modular buildings could solve the challenges posed by quickly changing

demographics in different types of regions, and deliver both usability and circularity.
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Research paper

1. Introduction

Due to megatrends such as urbanization and ageing of the population, different types of
regions are facing different types of demographic challenges. From the perspective of the built
environment, these fast-paced demographic changes mean that while many rural regions bear the
burden of under-utilized buildings, growing cities are developing new ones at an overwhelming

rate. Both situations are putting a lot of pressure on the environment, in the form of energy and



resource use, and related greenhouse gas emissions. Modular buildings (Jonsson & Rudberg 2015;
Peltokorpi et al. 2017), which can be relocated from one site to another based on need, offer one

potential solution.

One has to bear in mind, though, that the idea of recycling buildings challenges the
paradigm of ownership. People tend to appreciate new products over second-hand, and ownership
over lending (Pomponi & Moncaster (2017). In recent years, however, sharing economy has gained
popularity and people maybe be more open for a new ideal of access over ownership. Sharing
would be particularly beneficial in activities with a high emission intensity, such as housing (Ala-
Mantila et al. 2016). In line with this thinking, Brinko et al. (2015) and Brinko & Nielsen (2017)
establish a typology for municipal shared facilities. The typology outlines the different types of
sharing based on what, why, how and who is sharing (Brinko & Nielsen 2017). Tukker (2015) calls
this type of sharing ‘product sharing’, which is a sub-category of a user-oriented service. While
the focus is still on the product (in this case, on a building), the business model is about leasing, in
line with the principles of the sharing economy (Tukker 2015). Offering modular buildings as a

service, without ownership, is in line with both sharing and circular economies.

In addition to representing sharing economy, relocatable buildings are also a prime example
of circular economy. Based on their extensive literature review, Geissdoerfer et al. (2017) define
circular economy as a regenerative closed loop system, which can be achieved e.g. through
appropriate design, maintenance, refurbishing or reuse. This definition fits modular relocatable
buildings well. Furthermore, commercial actors typically define some key circular economy
elements, including resource efficiency; preserving and extending what is already made, designing
for the future, rethinking the business model; collaboration, and; use of technology and
digitalization (Circle Economy 2017). Most of these elements are present in the modular building

solution.



Research on circular economy in the built environment is still in its infancy. Pomponi and
Mancaster (2017) conducted a literature review, and suggested that circular economy should be
examined on a macro, meso and micro level, where macro refers to city level, meso to the building
level and micro to the building material level. Different ‘Eco City’ trials have been ongoing for
years, and building materials often exploit post-consumer content such as sludge (Smol et al. 2015).
However, the so called ‘meso’ level, the level of an individual building, has previously been largely

overlooked in circular economy.

Pomponi and Mancaster (2017) further conclude that while the technological and even
ecological dimensions of the circular economy are quite established, there are still many issues
with the social, political, and behavioural challenges to overcome. Similarly, Brinko et al. (2015)
argue that the paradigm of ownership should change toward sharing, and shared facilities have a
lot of potential, particularly in municipal real estate portfolios. The research at hand also focuses

on the public sector, and the potential of the relocatable leased buildings in that context.

In addition to the challenges posed by the paradigm of ownership, modular buildings suffer
from a poor reputation when it comes to aesthetic architectural quality. Based on previous
literature, a monotonous design and rigidness results from factory manufacturing and the transport
of the modules (Da Rocha et al. 2015; Edelman et al. 2016). Prefabricated modules are indeed
restricted in height, width, and length, and bearing capacity (Doran and Giannakis 2011; Edelman
et al. 2016), which set limits to architectural design. On the other hand, as Brand (1994) suggested
already two decades ago, a simple design allows for adaptability during the building’s lifecycle,
and should therefore be valued over architectural quality. In light of these known characteristics of
modular buildings, this research focuses on the potential of relocatable buildings to deliver
usability. Usability here is defined as in ISO Standard 9241-11:1998 as the potential of the building
to meet the needs of the specific building users in terms of effectiveness, efficiency and
satisfaction. The definition carries with it the context, time and situation of use, not only the product

as such. (ISO 9241-11:1998)

In summary, the aim of the study is to provide a framework for a modular relocatable
building that could deliver both circularity and usability. The study examines one producer of
relocatable modular buildings, utilizing three case sites in Finland. In Finland, interest in modular

and relocatable buildings has increased significantly during the 2010s especially in the public



sector. Particurlarly the school and healthcare sector have utilized temporary modular solutions,
mostly due to booming renovation needs, migration between regions and acute moisture problems
in existing facilities. The case building functions comprise hospital support functions, imaging
services, a healthcare centre and a care home. The primary data included semi-structured
interviews, whereas additional data comprises site visits and observation, as well as written

documents.

The remainder of the paper is structured, as follows. Section 2 details the methods and data
utilized. Section 3 introduces the results of the literature review on forms the initial framework on
modular relocatable buildings. Section 4 develops the framework further with findings from
producer, client and user interviews. Section 5 then introduces the proposed final framework for
relocatable modular buildings. Finally, in Sections 6 and 7 findings are discussed and conclusions

are presented.

2. Material and methods

Research fields, which are not well-established, benefit from explorative, qualitative
research approaches (Edmondson & McManus 2007). Circular economy in general, and circularity
within the built environment in particular, are emerging fields of study. This makes in-depth case
studies of a limited number of cases an appropriate approach. Semi-structured interviews with key

stakeholders along with onsite observation, are suitable data collection methods.

The research was conducted in four phases, starting with a focused literature review,
described by Levy and Ellis (2006) as the “lens”. The lens is formed in order to guide readers to
the appropriate context. In this case, the lens type literature review was utilized to form an initial
framework for relocatable modular buildings. The scientific articles were selected from a project
database at Aalto University with 71 scientific articles on modular buildings and prefabrication.
The selection of the 13 articles was based on relevance, focusing on the benefits and challenges of

modular building. The initial framework is introduced in the following Section 3.

The research continued with a factory visit and interviews with a selected relocatable
modular building producer, and consequent revision of the framework. A user perspective was
embedded with the help of case studies, and a final framework constructed as a synthesis of these.

Figure 1 illustrates the research design, also detailing the data utilised in this research.



FIGURE 1

A purposive sampling strategy was utilized for case selection. The relocatable modular
building producer offered to provide access to a number of projects they had been involved with,
and were able to provide the contact details for the sites. In the choice of the cases, variation in
terms of type and location was sought to create a heterogeneous sample. Heterogeneous or
maximum variation sampling is helpful in identifying patterns which are of particular interest and
value (Saunders et al. 2007). Subsequently, three different types of healthcare sites from Finland

were chosen, that all fulfilled the following selection criteria:

1. Cases represent relocatable modular buildings in different types of healthcare
sites, functions and user groups
2. Cases represent different client organizations around Finland

3. Case buildings are at different phases of their lifecycle (at the time of research)

The first site (Case A) is located on a hospital campus in Southern Finland. The modular
buildings were delivered to the campus in 2012 and comprise imaging facilities and offices. The
second site (Case B) is a care home in the capital city Helsinki. The modular buildings date back
to the early 2000s and have been multiple different uses. The third site (Case C) is a healthcare
center in Eastern Finland. The healthcare center was relocated to the site in 2015. Some key

characteristics of the three sites are listed in Table 1.

TABLE 1

2.1. Data collection and analysis

The main data source for the study comprises semi-structured interviews with 21
informants. First, four key representatives of a producer of modular buildings in Finland
(hereinafter, ‘the Producer’) were interviewed with the purpose of strengthening the theoretical
background with regard to relocatable modular buildings, of which only limited literature exists.
The Producer interviews focused on basic information about the modular solution, its usability for
different purposes, and possibilities for participatory methods in the design phase. All key
personnel of the Producer, including the CEO, the COO, the lead designer and the head of sales



were interviewed. The Producer pre-fabricates and leases relocatable modular buildings for
municipalities and other public actors in Finland and Sweden. Most of the modular buildings
produced annually replace older buildings from the 1960-70s with indoor air quality issues. The
calculated lifecycle of the modular buildings is 20 years, even though they are generally expected
to sustain 25-30 years. Currently, around a quarter of all the Producer’s modular buildings are in

their second or third location and use.

The majority of the informants (17) are Clients or Users from three case sites, focusing the
study strongly on user perceptions and experiences. It was considered important to interview at
least one informant representing a client role (architect, municipal real estate manager) for each
case. However, as the focus was on end-user experiences, most informans represent the user role.
A summary of the informants is presented in Table 2, and a more detailed list is found as Appendix

I to this paper.

The interviews comprised questions about the usability of the modular buildings and also
other usability related questions such as user participation in the design phase and workplace

comfort and satisfaction.

Of the 21 interviews, 20 were conducted face-to-face, recorded and transcribed. The last
interview was conducted as a conference call, and two researchers made notes during the call. The

interviews ranged between 33 min and 90 min, and 3-4 researchers were present at each interview.

TABLE 2

Observations during the factory and site visits comprise another important data source. The
observations were made by several researchers during site walks that lasted 30-60 mins. During
the site walks, the researchers were able to reflect, verify and deepen the content of the interviews.
The researchers combined their notes and observations into a common project database including

photos and other additional material, such as brochures.

In the qualitative content analysis, benefits and challenges of relocatable modular buildings
were searched from the interview transcripts and documented observations. Instead of quantifying
the content, as it is often proposed (e.g., Sandelowski 2000, Bryman 2012), content analysis here
follows a so called directed approach presented by Hsieh and Shannon (2005). This approach to



qualitative content analysis utilises theory as a starting point to find initial codes but also allows to
form new codes based on the data (Hsieh and Shannon, 2005). In other words, theory has a
deductive role in the analysis (Potter and Levine-Donnerstein, 1999). Due to the deductive nature,
the direct approach to qualitative content analysis is typically used to extend or validate existing
theoretical frameworks (Hsieh and Shannon, 2005). In the research at hand, the relocatable
modular buildings theory is extended by studying the benefits and challenges of these buildings

from the producer, client and user perspectives.

3. Constructing an initial framework for modular buildings

The initial framework is based on the characteristics identified in previous literature on
modular construction, as well as a few available studies on relocatable buildings. The general
benefits and challenges of modularity have been explored in several previous studies (Pasquire and
Gibb 2002; Jaillon and Poon 2010; Doran and Giannakis 2011; Choi and Song 2014; Da Rocha et
al. 2015; Nahmens and Bindroo 2011). Loose coupling between modules enables their
prefabrication which saves considerable amount of time and cost in onsite construction and
assembly activities (Jaillon and Poon 2010; Nahmens and Bindroo 2011; Pasquire and Gibb 2002).
Other commonly listed advantages of prefabrication include better quality control, resource
efficiency, improved health and safety, more efficient labour and management, and less disruption
in the construction phase (Jaillon and Poon 2010; Pasquire and Gibb 2002). Gosling (2016) also
notes the better quality achieved through standard solutions as a benefit of modular prefabrication.
Nahmens and Bindroo (2011) report that industrialized construction reduces labour cost on the one

hand, and improves employee satisfaction and quality on the other.

Other scholars have focused on the sustainability benefits of prefabrication. Modularity
reportedly supports sustainability through reducing construction waste, reducing employee
commuting and associated greenhouse gases, creating less construction site noise and other
disruption, as well as improving insulation and therefore energy efficiency and acoustic quality

(Nahmens and Ikuma 2012; Lawson et al. 2012; Quale et al. 2012).

One clear challenge discussed in earlier literature is related to the ability to customize mass
produced buildings, which are often have a rigid design (Da Rocha et al. 2015). Additional
challenges are imposed by dimensional restrictions (height, volume, weight) due to prefabrication

on the one hand, and road transport on the other (Doran and Giannakis 2011). Several studies



indicate a large initial investment required from the producer (Gosling et al. 2016; Jaillon and Poon
2010; Choi & Song 2015), which may be seen as a disadvantage. However, for an established

producer with existing production facilities, this does not present an issue.

Modular buildings are volumetric building modules which alone or when connected to each
other form the actual building (Peltokorpi et al. 2017). In addition to the general literature on
modular buildings and their prefabrication, two previous studies from Finland address the business
model of leasing relocatable modular buildings. These two studies find modular buildings to be
inherently adaptable as they are leased for a certain period and may be reused in same or new
combination of modular buildings in another location (Edelman et al. 2016; Vihola et al. 2016).
Adaptability is an important property in buildings, as it is a way to avoid early obsolescence, and
therefore promote sustainability (Arge, 2005). Adaptability is often categorised in three levels.
Generality is the lightest form of adaptability and refers to changes managed through non-
destructive procedures with minimal work inside the facility. It can also mean a multifunctional
use between wider user groups based on versatile and standardized room layouts and fittings
(Carthey et al. 2011; Pati et al. 2008). Arge (2005) uses the term elasticity for the ability of a
building to be extended with changing space demands. Further, Arge (2005) states that flexibility

is the possibility to make minor modifications to a building, such as adding wall partitions.

In relation to adaptability, Edelman et al. (2016) identify many benefits related to leasing,
where the producer obtains risk for any repair of maintenance. Vihola et al. (2016), focus on the
lifecycle costing of the modular buildings, and find the leasing alternative to be beneficial to the
client in case the facility is operational less than 40 years. Finally, Edelman et al. (2016) notes the
poor image associated with temporary nature of the relocatable modular buildings is often a

concern to the clients.

Table 2 summarizes the benefits and challenges based on previous research on

prefabricated building modules.
TABLE 3

In this initial framework, key benefits comprise the rapidity in delivering and assembling
the modules, quality derived from standardization, as well as sustainability, mainly derived from
resource efficiency. Furthermore, the leasing model enables adaptability, specifically, the

possibility to add or remove modules based on contemporary space needs. Due to the leasing



model, there is no need for any significant initial capital investment, which removes the burden of
ownership. The key challenges comprise rigid design due to the mass-production, and dimensional
restrictions due to factory prefabrication and road transport. Moreover, prefabricated modular

buildings may also suffer from poor image.

4. Elaborated framework for relocatable modular buildings

The findings presented in this section complement the findings of the literature review by
introducing results from 4 interviews with producers of relocatable modular buildings (Producer
interviews 1-4 in Appendix 1), and from 17 interviews with clients and users from the three case
locations (Client interviews 1-4 and User interviews 1-13 in Appendix 1), as well as observations
made during a factory and site visits. Next, the findings are presented following the structure of

the interviews, supported by direct quotes from the informants.
4.1 Producer perspective
4.1.1 Benefits of relocatable modular buildings from the producer perspective

Modular buildings may be easily and rapidly prefabricated, transported and assembled on
existing school, hospital, or other sites based on demand. Rapidity is often the most appreciated
feature of the relocatable modular buildings. The throughput time to produce a module in the
factory is around 9-12 days, and assembly typically takes three weeks. Only the foundation works
have to be performed onsite: “The user will get the space really quickly [...] At best, or maybe

worst from the designer perspective, the design process may be only a month.” (Producer 3)

The modules are hauled to the site and connected with cranes or hoists. The fully equipped,
load-bearing and volumetric modules include all structural elements, doors, windows and finishes,
even cabinets and other fittings. Whenever possible, the Producer offers the Client existing

modules, either transferred from another site or new ones that are ready in stock at the factory.

With regard to quality, the findings support existing literature on that prefabricated modules
are of high quality due to the quality control in factories and e.g. no exposure to weather conditions.
Especially the indoor comfort was considered a competitive advantage of the modular buildings:
“The modules are light, they have new [building system] technology, they are warm, there is no

draft, there is no mildew.” (Producer 1)



The Producer’s business model is based on leasing, rather than selling the modular
buildings. The lease period for the buildings is 3-7 years, making the solution suitable for shorter-
term use, and allowing for reacting to changes in space needs. Adaptability is a key benefit in the
business model of the producer, as the modular buildings are able to provide the right amount of
space in the right place at the right time. When space is no longer needed, the module(s) can be
hauled off to another location. Similarly, if space demand increases as a result of demographic
changes, one or more modules may be added to the modular building: “/We help] in those
Sfluctuating circumstances when the client does not know what will happen tomorrow or the day

after tomorrow.” (Producer 4)

The adaptable solution is in line with the idea of shared spaces. Furthermore, the Producer
representative also highlighted the multifunctionality resulting from standardized solutions and
connections between the modules: “In terms of functionality, we produce a lot of modules so we

know what spaces should be next to which space, so that the interior space is in the right

order.” (Producer 1)

Furthermore, the producers wanted to emphasize the low risk associated with a leased
facility. The investment risk to municipalities is significantly reduced as there is no initial capital
cost for the leased modules, and the producer bears responsibility of any major maintenance and
retrofitting: “It is sort of our core product, or core competence, that we specifically lease the

buildings. That we carry the risk of ownership for the client.”(Producer 2)

Then, at the end of the lease period, the building and its parts may be leased to the next
customer for another purpose, and relocated. The possibility to located the modular buildings
within urban structure and utilizing existing infrastructure or even existing buildings, was also

I3

considered one of the main benefits: “... We have used the satellite model in many locations and
effectively. So there is a small corridor and you do not have to touch the structure of the existing

building at all.” (Producer 1)
4.1.2 Challenges of relocatable modular buildings from the producer perspective

In the interviews, a group of challenges were also reported. The challenges may all grouped
under the umbrella term ‘Limited customization’, which may be derived from either factory

conditions, preparing for the reuse of the modules, lifecycle costing, or schedule. As one informant

10



stated: “The biggest challenge are the technical limitations we have [...] so that the client’s and

user’s wishes are fulfilled in a way that they accept the compromises.” (Producer 3)

Due to the leasing business model, the reuse of any module in another location has to
always be considered, and therefore high-level customization may not be economically feasible:
“We can do a lot in terms of customization, but then the lease period has to be longer.” (Producer
4)

In many instances, the schedule might be too tight to engage the users in the design or does
not leave room for customization: “A really large portion [of orders] are ones, when there is no
way to use any extra time on changes.” (Producer 3). In other words, modularity alone does not
guarantee quick delivery. If the end-user requires customization, the delivery process will become
longer. Some limitations cannot be overcome even if the schedule would allow: “These types of
really large lobbies that might be two or three stories high, it is really challenging to produce

those, in some cases it is impossible with our technology.” (Producer 2)

4.2 Client and User perspective
4.2.1 Benefits of relocatable modular buildings from the client and user perspectives

Rapidity is one key reason to consider modular buildings: “Of course you have to do the
ground works, so they are not necessarily always that much cheaper [than traditional buildings],
but they are faster to implement and move forward [in the administration] ”’ (Client 3, Case B).

The high quality of prefabricated modular buildings found in the literature and producer
interviews was confirmed in the user interviews and site visits. The amount of daylight, derived
from the narrow structure of the modular buildings, was complimented in all cases, and views
particularly in Case B: “I think the nature is so great, many residents feel calm there, at the glass
door, sitting by the door and seeing the birds at the bird feeder in the yard.” (User 13, Case B)

Based on the user interviews and observation during site visits, indoor comfort was one of the
most essential benefits: “These are one of our best facilities because we have cooling, and
ventilation is working as it should.” (Client 1, Case A)

Client 4 in Case C managed a portfolio of several different locations, and mentioned that the

modular buildings were the only ones with no complaints about indoor comfort from Users.

11



Adaptability was often considered in a broader, hospital district scale. In Case A, the plan was
to add modules as the hospital campus retrofitting proceeded: “You could add these modules, to
bring more floors, what a benefit that would be, for example to healthcare districts. ”(User 4, Case
4)

Multifunctionality and standardized solutions were also noted in the user interviews and
exemplified during the site visits. For example in Case A, every room had the same equipment in
the same place, making it possible for any nurse of doctor to operate in the room. This was said to
make medical work a lot easier: “Everything is thought through, using lean principles, so that
there is everything in every cabinet.”(User 2, Case A)

Interestingly, the end-users did not mention resource-efficiency, or any other sustainability
related benefits, that the modular buildings are generally expected to deliver. This could be because
energy use is not visible to building users, or not perceived as of primary concern in the healthcare

field.
4.2.2 Challenges of relocatable modular buildings from the client and user perspectives

Customization of the modular buildings is always possible within the technical (height,
depth, bearing capacity) limits of the modules. However, the bearing functionality and electricity
capacity are limited, which limits the use of e.g. heavy hospital equipment as was noted in the user
interviews: “In practice, a CT scan weighs a few hundred kilos, that might be possible [...] if we

planned that, but there would need to be led walls all around.”(User 3, Case A)

The dimensional restrictions from the factory prefabrication and road transport place limits
on the type of functions that may be placed inside the relocatable buildings. The size of the modules
1s limited by both factory capacity and regulations for road transport. The height and width have
to be adjusted to the prefabrication conditions inside the factory. Moreover, for Case A, the
standard size of the modules created an unusual problem, where the delivered modular building
was actually too large: “The current facilities are excellent for the use, but they are way too big. If
we knew there was going to be so much space we would have divided the module into three, instead
of two rooms. But is has something to do with the [dimensions of the] modular solution.” (User 3,

Case A) The oversized facility reduced space-efficiency, creating extra costs.

Customization is further limited by the rapid timetables typical for the modular buildings.

The procurement of temporary facilities is typically under strict time pressure, and there is no time

12



to use participatory methods. Some of the users saw this as a problem: “Naturally, my supervisor
has been involved in the design phase, but maybe it would be better to involve the actual person
working in that space, so you could say there should have been more user engagement in the design

of the layout of spaces.” (User 13, Case C)

Based on the Client interviews, customization is also a question of lifecycle costing. The
costs of customization are inflicted on the Client, and with heavy customization, benefits related
to the leasing model and low risk of ownership would become diluted: “Well I think you need to
consider how long it will be in use, there is no point, if it is like 5 years, does it make sense to

invest.” (Client 1, Case A)

As for poor architectural quality, the interviewed Users did not see any problems: “Well
this is actually a finished space, they have even thought about employee satisfaction and comfort
from an employee’s perspective.” (User 7, Case C) This is a major finding as the dull design has

previously been seen as an obstacle for the wider utilization of modular buildings.

Table 4 summarises the findings from the literature review, interviews, and observation during the

factory and site visits.

TABLE 4

5 Synthesis of findings

A synthesis of the findings of the literature review and empirical data collection provides
insight into how circularity and usability is achieved with modular buildings (Figure 2). Figure 2
presents the identified benefits and challenges, divided based on whether they are related to
modularity and prefabrication, or to the relocatability derived from the leasing model. The findings
suggest that modular buildings can be delivered quickly as ready-to-assemble modules, which
results in minimal disruption onsite. The standardized solutions offer multifunctionality and high
quality solutions, resulting in good indoor comfort, and allowing the users access to daylight and
views. Owing to the leasing model and the temporary nature of the modular buildings, the modular
buildings come without the burden of ownership, and may be located within existing urban
structure or even on site. Furthermore, the modular buildings have high elasticity, i.e. modules may

be added or removed based on changes in space needs.

13



FIGURE 2

Figure 2 also illustrates whether these characteristics support usability, circularity, or both.
It is worth noting that, some of key characteristics derived from the leasing model, such as the
possibility to remove or add modules and locate them within existing urban structure and even
onsite, also support the usability of the modular building. Similarly, the multifunctionality derived

from standard modular solutions supports circularity.

No evidence was found to support that poor image or rigid design would negatively impact
usability. Unfortunately, however, the dimensional restrictions due to factory manufacture and
transportation seem to still limit the usability of the modular buildings. Moreover, a tight schedule
as well as the need to reuse the modules somewhere else in the future may further limit

customization, and as a result, trump usability.

6. Discussion

This study set out to examine the potential of relocatable modular buildings in delivering
circularity and usability in the built environment. Based on the findings, leasing and reusing
buildings were not found problematic by the Users. This supports Brinko et al. (2015) idea that,
the paradigm of ownership is changing. Based on Tukker (2015) this type of sharing is product
sharing, which is a sub-category of a user-oriented service. While the focus is still on the product
(in this case, a building), the business model is about leasing, in line with the principles of the

sharing economy.

While clearly situated on the ‘meso’ level (Pomponi & Mancaster 2017), the relocatable
modular buildings contribute to all levels the circular built environment, as they utilize existing
urban structure and infrastructure, and are also resource efficient to manufacture due to factory
prefabrication. The ability to relocate a building entirely represents the highest level of adaptability,
the possibility to expand or decrease the size of existing buildings. The level is analogous to Brinko
et al. (2017) typology of shared municipal spaces, characterized by serial sharing of core facilities

owned by one owner who decides on who gets to share.

Coming back to the definitions of circular economy by Geissdoerfer et al. (2017), the

modular relocatable buildings minimize resource use and close energy loops both through

14



prefabrication and leasing, i.e. reusing the modules. Furthermore, of the commonly utilized seven
circular economy elements (Circular Economy 2017), the relocatable, leased modular buildings
comply with at least the following: resource efficiency, preserving and extending what is already
made, designing for the future, and rethinking the business model. Based on the challenges related
to the dimensional restrictions and customization, the elements that could be further enhanced

include collaboration between stakeholders, use of technology and digitalization in the solution.

From the real estate portfolio management perspective, the most attractive characteristics
of the modular buildings include the low risk associated with leasing, and the possibility to add or
remove modules as needed. Good indoor comfort and energy efficiency, as well as the possibility
to customize based on the planned function (school, day care, healthcare) would also be of interest
to the municipal real estate manager. Modular buildings could well replace a portion of municipal
facilities, making the building stock more adaptable to fast-paced demographic changes. As
previous research on modular buildings reserves them a rather narrow role as a low customer
adaptability and high productivity solution (Jonsson and Rudberg 2014; 2015), this research
provides evidence that modular buildings can bring high customer adaptability if usability and
circularity both in single modules and between modules at a building level are taken into account

in design and lifecycle management.

The limitations of the study are typical to a qualitative study based on interviews. However,
the different data sources provide data triangulation, while the presence of several researchers in
the interviews and visits offer researcher triangulation. Validity is further increased through
conducting data analysis collectively with the three authors of this paper. It should also be noted,
that the study is not aiming at statistical generalisation, but rather provides analytical generalization
and a novel concept for the nascent field of circular economy research within built environment on

the building level.

7. Conclusions

Based on the findings it appears that the modular buildings face some of the same
challenges as traditional buildings, namely, tight schedule in the design stage, which limits
stakeholder communication and user participation in design. While the modular solutions are

incredibly quick to assembly, if customization is needed, the delivery times inevitably become
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longer. In other words, modularity in itself is not able to deliver both a customized and a rapid
solution. Customization, with the appropriate participatory methods, takes time, exactly like

participatory design in traditional building projects.

How then, should these identified and confirmed challenges be addressed in the solution?
Peltokorpi et al. (2017) discuss the active engagement of different stakeholders in the design phase
to enhance the benefits of modularity. Previous research has also shown that standardization is an
effective way to manage complex processes and by utilizing modularity, standardization can be
achieved while still providing customization (Eissens-Van der Laan et al. 2016). Future research
should address the lack of customization and ways to improve it without hindering circularity in

relocatable modular buildings.
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Table 1 Key characteristics of the cases

Case A Case B Case C
Site Hospital Campus Care Home Healthcare Center
Hyvinké4, mid- Isinki o Lappeenranta, mid-
Location sized city in Hes Smtll(ll’ Cag.ltil c:ity, sized city in Eastern
Southern Finland outhern Fnfan Finland
Year developed 2012 early 2000’s 2015
Offices, cpnsu}ting Elderly houging with Offices, consulting
Amenities and functions rooms, imaging communal kitchen and rooms
services living space
Lease period S years n/a (site owned) 5 years

Site visit and interviews December 2016 December 2016 March 2017




Table 2 Summary of the interviews

Type of interview

Number of interviews

Producer interviews

4

Client interviews

Case A: 1
Case B: 2
Case C: 1

User interviews

Case A: 4
Case B: 2
Case C: 7

In total

21 interviews




Table 3 Initial framework for modular buildings
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Table 4 Framework for modular buildings

Discussed  Discussed in Discussed in Client and User
in Producer interviews
literature interviews
A B C

BENEFITS
Rapidity X X X
Quality

e Daylight and Views X X X X

e Indoor Comfort X X
Sustainability X
Adaptability

o Elasticity X X X X

e  Multifunctionality X X X
Location within urban structure X X X
No burden of ownership X X X
CHALLENGES
Rigid design X X
Dimensional restrictions X X X
Poor image X
Tight schedule X X
Reuse limitations X X




APPENDIX 1

Informant Role in organization Case Interview length (min.)
1 Producer 1 Chief Operating Officer n/a 61
2 Producer 2 Sales Director n/a 66
3 Producer 3 Head Designer n/a 54
4 Producer 4 Chief executive officer n/a 32
5 Client 1 Real Estate Manager A 56
6 User 1 Nurse/IT Support A 47
7 User 2 Head Nurse A 47
8 User 3 Chief Physician A 46
9 User 4 Radiologic Nurse A 33
10 Client 2 Architect B 90
11 Client 3 Architect B 36
12 User 5 Nurse B 58
13 User 6 Nurse B 52
14 Client 4 Real Estate Manager C 82 (telephone interview)
15 User 7 Nurse C 55
16 User 8 Nurse C 55
17 User 9 Nurse C 55
18 User 10 Nurse C 19
19 User 11 Nurse C 40
20 User 12 Nurse C 40
21 User 13 Nurse C 62
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