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Implementing circularity in the construction process: a case study
examining the reorganization of multi-actor environment and the

decision-making process

Ditte P. Gerding, Hans (J. W. F.) Wamelink and Els M. Leclercq

Faculty of Architecture and the Built Environment, Department of Management in the Built Environment, Delft University of

Technology, Delft, the Netherlands

ABSTRACT

Circularity aims to make waste obsolete by both closing and narrowing resource loops and by
extending the lifespan of materials and products. This fundamentally different approach to con-
struction practices necessitates a completely different method of organising the construction
process. The rounds of decision-making undertaken by different actors at particular moments in
the construction process have a significant role to play in this regard. Consequently, this
research aims to analyse current circular practices for both the multi-actor environment and the
decision-making process. An analytical framework is developed based on the theoretically-
informed assumption that actors are responsible for decision-making and that circular strategies
are an effective means through which to integrate circularity within the construction process.
This analytical framework is applied to three circular building cases in the Netherlands, by draw-
ing upon stakeholder interviews and documentation. It can be concluded that: some conven-
tional actors have acquired knowledge on circularity; and that there is an emergent group of
expert actors specialising in circularity. Both types of actors are a prerequisite for implementing
circular strategies at both the beginning and end-of-life phase of a building; and should be
involved early on to influence decision-making on circularity, especially concerning the long-
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lived layers of a building.

Introduction

The building sector and attendant linear construction
process account for a large share of total global waste
production and CO, emissions. Ridder (2018) posits
that the building sector generates around 45% of the
total waste in the Netherlands, while only contributing
to 10% of the country’s GNP. These figures testify to
the importance of reducing waste and dealing respon-
sibly with materials and resources. In contradistinction
to a linear construction process, a circular construction
process helps to cut down on production and con-
sumption rates (Mulhall and Braungart 2010). By virtue
of closing material cycles, this approach aims to han-
dle resources more consciously by means of preven-
tion, reusing, recycling
conjunction with utilizing waste (that is generated
after demolition) as a resource (McDonough and

Braungart 2009, Geissdoerfer et al. 2017).

and decomposition, in

While circularity appears to have substantial prom-
ise, specific difficulties arise during its implementation.
Adams et al. (2017) delineate several barriers that are
inherent to the conventional way of organizing the
construction process, including, amongst other things:
a lack of awareness and knowledge of the circular
construction processes that designers and clients
have; a fragmented supply chain; and lack of consider-
ation and incentives at both the start and end phase
of a building’s lifespan (Adams et al. 2017). Moreover,
Gorgolewski and Ergun (2013) purport that other
actors should probably be involved in this process,
such as demolition or salvage companies that can aid
the sourcing of reused materials. In conjunction with
this, Hart et al. (2019) state that there needs to be a
marked shift in stakeholders’ behaviours and attitudes,
in order to further develop the circular economy
in practice.
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This research aims to analyze current circular practi-
ces and to provide recommendations for the multi-
actor environment and decision-making process, to
facilitate the implementation of circularity in the con-
struction process. It is assumed that the impact of cir-
cularity is maximized when circular strategies are
considered from the very beginning of the construc-
tion process. Based on this assumption, the paper sets
out to address the following research question:
“Which actors should be involved in the design-
making process to ensure circular use of materials and
resources across all phases of the construc-
tion process?”

This paper is divided into six sections. After the
introduction, theories on actors and decision-making
moments in the construction process, on how best to
integrate circularity into the construction process by
means of circular strategies, and on the barriers and
drivers of a circular construction process, will be dis-
cussed in turn. Section three introduces the methodo-
logical approach, including the analytical framework,
data collection and analysis, and case study research.
This is followed by the results section, which presents
the results from the case study research. The next sec-
tion discusses the findings and situates them within
extant research in the field. Finally, the paper con-
cludes by highlighting the most important conclusions
and providing avenues for future research.

Theory

Construction process: multi-actor environment
and decision-making moments

The analysis of the cases examined in this study
clearly links to literature on actor analysis, network
analysis and decision-making processes. Within the
context of the construction industry, the construction
of a building is ordinarily executed by a project team.
For the purposes of this paper, such teams can be
regarded as both a temporary and interfirm multi-
actor environment, in which actors are interdependent
and dependent on each other in order to impose
desired solutions (in these cases for the client). This is
generally hampered by different interests and different
levels of influence these actors have (Enserink et al.
2010). These actors, part of the project team, typically
exert a formal influence over the decision-making pro-
cess, engaging in intense collaboration and frequent
communication. As well as the project team members,
this dynamic network of actors also encompasses
other relevant stakeholders, who are indirectly
involved (Aminoff et al. 2016). While these actors are

not part of the project team - their primary role is to
provide advice - they nevertheless can contribute to
decision-making, albeit from a less influential position
(informally) and on a much more infrequent basis.
Alongside those actors traditionally involved in the
construction process, such as contractors and design-
ers, research has also highlighted the benefit of involv-
ing actors with knowledge of circularity to enhance
and accelerate implementation (Osmani et al. 2006).
These kinds of actors perform the following roles: a
circularity expert (usually a consultant or advisor); a
dealer in salvaged goods (able to identify and market
valuable secondary construction components); a rec-
lamation expert (has knowledge of where and how to
reclaim materials); and a dismantler (Addis 2006,
Gorgolewski 2008, Adams et al. 2017).

All these aforesaid actors contribute to the imple-
mentation of circular ambitions and strategies through
applying and sharing their knowledge. Given that sub-
stantive experiences in the field of circularity are lim-
ited, the project team must explicitly identify and
integrate actors’ knowledge. This requires the actors in
the project team to make collaborative decisions that
are concordant with their circular ambitions, and be
open towards new insights, technologies, and innova-
tive approaches. To stimulate the transition towards a
collaborative and innovative approach, specific actors
in the project network must be granted, or assume for
themselves, the power to be the driving force behind
this new approach.

Actor analysis, rooted in stakeholder analysis, and
network analysis provide methods and concepts
through which to study the multi-actor environment
in the construction industry. Although the method of
actor analysis originates from policy problems and
processes, it has also been proven to be valuable for
project management and design-related activities
(Mitroff 1983, Freeman 1984, MacArthur 1997, Scholes
1998). Actor analysis can contribute towards a deeper
understanding of the multi-actor environment in con-
struction processes, giving insight into the relations
between actors and their influence in the decision-
making process.

Enserink et al. (2010) posit that an actor analysis
comprises the following key concepts: actors, resour-
ces, relations, positions, and influence. An actor is
defined as “a social entity, person or organization,
able to act on or exert influence on a decision”
(Enserink et al. 2010, p. 80). With respect to this study,
an actor can either be involved formally as a member
of the project team - a position that is formalized in a
contract - or informally as an advisor or



consultant.There are specific relations at play between
the various actors that serve to illustrate the different
connections between actors, as well as indicating the
exchange of information or coordination between
actors (Ruijven et al. 2015). Relations are formed by
both the duration and frequency of communication
(Ruijven et al. 2015). Ultimately, it is both the positions
of the actors and the interactions between them that
constitute the multi-actor environment. The positions
of actors can be determined in relation to their cen-
trality in the network, based on the number of ties
between certain actors in relation to the maximum
number of ties (Ruijven et al. 2015). With respect to
the frequency of communication, therefore, the actor
with the highest number of relations and highest
number of relations that display frequent communica-
tion is positioned centrally in the network. Within net-
work analysis, centrality indicates the importance of a
certain node in the network. The degree of centrality
is often interpreted as the power that an actor has to
influence decision-making by being able to facilitate
and steer communication between actors (Borgatti et
al. 2009). On this basis, we state that a higher amount
of communication, therefore, relates to a large degree
of influence in decision-making. An actor’s influence
over decision-making is depicted by the size of the
node. Influence over decision-making is determined
by actors’ involvement in decision rounds and actors’
abilities to steer and impact decision-making by their
resources, such as certain information, knowledge, or
formal power that actors possess (Enserink et al. 2010).

Both the actual dynamics of these interactions and
the ways in which involvement and influence evolve
over time can be ascertained by unravelling the deci-
sion-making processes. The work of Teisman (2000) dis-
cusses models that are expedient for unravelling
complex decision-making processes. The relevance of
such models, especially the rounds model, for the pre-
sent study pertains to their ability to identify decision-
making processes over time, including the involvement
and roles of multiple actors and their influence over
decision-making (Teisman 2000). The rounds model
combines two aspects that are inherent to decision-
making: a combination of interdepending actors offer-
ing different views on solutions for the concerned
problems; and progress in decision-making in terms of
implementing solutions (in this study towards con-
structing a circular building) is made through inter-
action (Teisman 2000). Klijn and Koppenjan (2016)
further enhanced researchers’ ability to visualize the
decision-making process by means of the identification
of rounds. A round designates a specific moment in
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time when the most crucial decision(s) on a topic is/
are being made. This is predicated on the concept that
prior to making a decision, various consultations and
discussions take place, during which certain actors are
involved and collaborate with one another. Hence, this
process of discussion and collaboration prior to a deci-
sion being made is defined as a round. A construction
process can thus be said to consist of multiple rounds
that take place either sequentially or in parallel. The
rounds that include decision-making on circular strat-
egies (CSs) are of particular interest in this study and
are discussed below.

Integrating circularity into the construction
process: circular strategies

A circular building approach can be defined as “a life
cycle approach that optimizes the buildings' useful
lifetime, integrating the end-of-life phase in the design
and uses new ownership models where materials are
only temporarily stored in the building that acts as a
material bank” (Leising et al. 2018, p. 977). As
Pomponi and Moncaster (2017) also note, a circular
building approach should take into account the
complete life cycle of the building. The conventional
end-of-life phase (which in this paper is framed as
“post-phase”), which results in waste, should therefore
be reconsidered and replaced by reduction, reuse or
recycling (Stahel 2016, Geissdoerfer et al. 2017).
Preparations to guarantee dismantling, reuse, or recy-
cling at the end of life could, and should, already be
made in the design-making process (initiation, prepar-
ation and design phase). In this paper, these early
phases of the construction process are referred to as
the “pre-phase”.

Several authors have argued that CSs guarantee
reduction, reuse, and recycling. In relation to materials
and resources, some CSs are focussed on dealing with
end-of-life waste, while others are focussed on pre-
venting waste from the outset (Addis 2006). Although
authors typically use different words and slightly dif-
ferent categorizations, there appears to be a consen-
sus that “reduction” (including prevention & reduction)
is the main means through which to deal with waste,
followed by “reuse” (including repair & maintenance,
reuse & redistribution, and refurbishment & remanu-
facturing), and “recycling” (including recycling, cascad-
ing & repurposing, and organic feedstock) (Bocken et
al. 2014, Ludeke-Freund et al. 2018, Ritala et al. 2018,
Joensuu et al. 2020). The following CSs were identified
through recourse to Ludeke-Freund et al’'s (2018)
framework: (1) maximizing material and energy
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efficiency and dematerialization; (2) functionality with-
out ownership/product-service system (PSS) and
extending product value; and (3) extending resource
value and industrial symbiosis, see Table 1.

The CSs (1) maximizing material and energy effi-
ciency and de-materialization both focus on prevent-
ing waste from the outset. Value is created by
reducing components and material input and output
(Ritala et al. 2018). This results in using fewer materials
and resources, thereby narrowing the resource loops.
In concrete terms, this can be applied by means of
evaluating the need for a (new) building, using fewer
materials, using lightweight materials, and using effi-
cient construction and manufacturing processes
(Ludeke-Freund et al. 2018).

Aiming to reuse simply slows the resource loop
down, since the lifespan is extended (Ness and Xing
2017). The accompanying CS (2) extending product
value can be implemented by means of maintenance,
reparation, or redistribution (Kibert 2013, Ritala et al.
2018). The CS (2) functionality without ownership,
which is also known as a PSS, aims to provide a service
instead of a physical product or component (Tukker
2015, Ritala et al. 2018). This strategy is based on the
assumption that a product-oriented business is likely
to increase the number of products they sell, and
thereby the materials they use, whereas a service-
oriented business’ primary motivation is to extend the
product’'s lifespan and minimize maintenance
(Tukker 2015).

The aim to recycle requires the processing of com-
ponents into materials and subsequently into new
components (lacovidou and Purnell 2016). Given that
recycling often requires energy, this option cannot be
considered to be truly circular, especially since the
value is lost when components degrade in function
(downcycling) (Bocken et al. 2014, Adams et al. 2017,
Ludeke-Freund et al. 2018). According to McDonough
and Braungart (2009), for biological nutrients, the
resource loop can be closed through the means of
decomposition. Therefore, biological and technical
nutrients should be separated (McDonough and
Braungart 2009). The CSs (3) extending resource value
and industrial symbiosis both focus on aligning the
waste output from one industry as a valuable resource
for another (Ludeke-Freund et al. 2018, Ritala et al.
2018). In line with the above discussion, while CSs
predominantly aim to instantiate changes in the “end-
phase” of construction, one could argue that the pre-
phase of construction management is more decisive in
determining the successful implementation of CSs
(Johansen and Wilson 2006, Kibert 2013).

Table 1. Framework of circular strategies (CSs) and aims, patterns, design strategies, resource strategies, and value strategies, which can be applied at both the pre- and post-

phase of a building’s lifespan, based on and expanded from Addis (2006), Bocken et al. (2016), Ludeke-Freund et al. (2018), and Ritala et al. (2018).

(1) Maximize material
and energy efficiency,

(2) Functionality without ownership/product service system (PSS), extending

(3) Extending resource value, industrial symbiosis

product value

de-materialization

Circular strategy (CS):

Recycle

Cascading &

Reuse

Reduce

Aim

Organic feedstock

Recycling

Refurbishment &

Reuse &

Repair & maintenance

Prevention & reduction

Pattern

repurposing

Technical &

remanufacturing

redistribution
Long-life, life extension

Biological cycles

Life extension,

Resource efficiency

Design strategy

biological cycles

technical &

biological cycles

Closing
Retain material value

Slowing down
Retain component value

Narrowing

Resource strategy
Value strategy

Reduce component &

material input
& output




Applying these strategies to buildings highlights
differences in the applicability for both long-lived
layers (site, structure, skin) and short-lived layers (serv-
ices, space plan, stuff) (Brand 1994). This is based on
the concept that a building comprises several layers,
all of which include different components and materi-
als, and each layer should be organized in such a way
that ensures they are maintained at the same level of
frequency and share the same lifespan (Brand 1994).
According to Ridder (2018), long-lived layers that have
a lifespan that generally transcends that of the build-
ing itself should be reused. Conversely, short-lived
layers, whose lifespan is shorter than that of the build-
ing, should be recycled with a minimal amount of
energy (Pomponi and Moncaster 2017, Ridder 2018).
For short-lived layers, “suppliers can take responsibility
[...] via take back schemes”, or via the means of leas-
ing or buyback guarantees (Leising et al. 2018, p. 984).
Components and materials with a long life cycle can
be reused, which would be facilitated by a market-
place (Leising et al. 2018).

Consequences of a circular construction process:
drivers and barriers

The description of the current construction process, as
well as the various actors who are responsible for
decision-making and the aforesaid potential circular
strategies, testify to the need to organize the con-
struction process and its supply chain differently, in
such a way that engenders a transition towards a cir-
cular built environment. A number of scholars have
already identified several enablers and barriers within
the construction process that either accelerate or
delay circularity within building projects (Adams et al.
2017, Galvao et al. 2018, Hart et al. 2019, Tura et al.
2019). Although barriers have been detected in a var-
iety of domains, including the environmental, eco-
nomic, social, institutional, technological, and
informational domains, a lack of collaboration in the
supply chain and organizational factors within the pro-
cess management of projects itself have both been
found to hamper the transition towards circularity
(Hart et al. 2019, Tura et al. 2019). The complexity of
the industry as a whole, which is reflected in the wide
variety of different actors involved in the construction
process, is not conducive to the swift implementation
of circular strategies. However, as aforesaid, the vari-
ous decision-making rounds that different actors
engage in at specific moments in the construction
process do play a critical role. Whether or not these
different decision-making rounds and additional actors
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with specific knowledge are required within a circular
construction process is the key question driving the
present research.

Methods
Analytical framework and data analysis

For the purposes of the case study research, we
adopted an analytical framework that was grounded
in theoretical insights on three topics: actor analysis in
combination with network analysis; decision-making
processes; and circular strategies. The case studies
were analyzed in accordance with a qualitative
research method that is expedient for identifying
detailed information on current industry practices
related to these aforesaid topics. Data was gathered
with respect to (1) those actors responsible for and
involved in decision-making; (2) decision-making
rounds; (3) implementation of CSs. The results of the
data analysis of the actor analysis in combination with
the network analysis and decision-making process
were visualized for each case. Figure 1 shows how this
analysis was represented.

The results pertaining to those actors responsible for
decision-making were primarily retrieved via visualiza-
tion of the multi-actor environment for each case. The
composition of the network provides a representation
of the actors as nodes, positions, relations or ties, and
influence over the decision-making of those actors
involved in the circular construction processes. Actor
analysis, based on the method of stakeholder analysis,
in combination with network analysis is applied to visu-
alize and reflect on the multi-actor environment of each
case. The representation of the multi-actor environment
is based on a six-step approach adopted from Enserink
et al. (2010), including:

indication of the problem as a point of departure;
inventory of actors involved;

identification of formal roles and resources;
determining interdependencies, that is, relations
and frequency of interaction;

determining position within the network;

6. determining influence in the network.

HwhnN =

In the selected cases the problem as a point of
departure for these projects does concern a circularity-
related ambition from the client that needs to be
adopted and implemented by the actors by means of
a design and construction process. Table 2 displays
how the data gathered from the interviews provided
information into the composition and visualization of



622 D. P. GERDING ET AL.

actor analysis (Enserink et al. 2010)

network analysis (Borgatti et al. 2009,
Ruijven, van et al. 2015)

actor | role| relations | position

representation multi-actor network

influence

o /
® N
[
rounds model (Teisman 2000) rounds model (Klijn and Koppenjan 2016) representation decision-making process
1
|
|
O O
(@]0)
O O O OOO
E—
O O |
|
O | O] O © O |
00 |
O | O ,
» » | »
|

Figure 1. Adopted theories for representation of the multi-actor network and decision-making process.

Table 2. Data analysis: coding of interview data for the multi-actor environment visualization.

Concepts multi-actor environment

Visualization

Retrieved interview data

Actor

Node Black dot

Social entity, person or organization formally or

informally involved in project

Relation/tie Connection to other actors - Thick line - Relation displaying weekly two-way interaction
displayed by a line - Thin line - Relation displaying biweekly two-way interaction
Position Position within the network based Distance to centre  Actor with highest number of relations and highest
on centrality number of relations that display frequent
communication is positioned in the centre, other
actors are positioned consecutively
Influence Size of node - Large - Substantial influence, involved in 5 rounds
- Middle - Moderate influence, involved in 2-4 rounds
- Small - Little influence, involved in 1 round

the multi-actor environment. It is important to bear in
mind that this representation is a static depiction of
actors’ interactions, based on a sum of several interac-
tions. Relations, in the work of Ruijven et al. (2015)
also depicted as ties, that are visualized in the dia-
grams do not depict all relations, but merely those
that are most important for the problem as a point of
departure (Enserink et al. 2010). This also holds for the
actors. The inventory of actors is not exclusive, but are

those determined to be most important in line with
the problem as a point of departure and context of
the project. Enserink et al. (2010) specify that experi-
ence indicates that a useful actor analysis should
include between ten and twenty actors.

The visualization of the decision-making process is
reliant upon theory on unravelling complex decision-
making processes (Teisman 2000, Klijn and Koppenjan
2016). This includes the following elements: actors,



rounds, the timing of decisions, and implementation
of decisions. Table 3 displays how the interview data
was translated into a visualization of the decision-
making process. From the interviews, the following
was retrieved:

1. what decisions were made in relation to CSs
resulting in the identification of certain rounds;

2. who were involved in these rounds? This was
specified into involvement measured by consulting
and providing advice or influence on decision-
making measured in terms of participation in
decision-making rounds and steering or deciding
towards certain solutions (i.e. CSs);

3. when decisions were made, thus in what phase of
the construction process the rounds can
be positioned;

4. whether the decision on a certain CSs was also
implemented and applied into the build-
ing project.

Rounds are depicted by circles and positioned on
the x-axis. A round relates to a decision regarding a
circular strategy (or subsequent pattern or design
strategy). As one can discern from Table 1, three main
circular strategies were identified. The interview data
were used to identify CSs relating to decision-making
rounds. Time, on the x-axis, is divided into periods in
accordance with construction process phases: initi-
ation, preparation, design, build, financing, mainten-
ance, and operational phase. The different phases of
the design-making process (pre-phase) are demarcated
by a vertical dashed line. By identifying when decisions
were made, it can thus be evaluated whether deci-
sions were made early on and whether there is a rela-
tion between decisions made early on and their
subsequent implementation. It must be noted that
how decisions were made was not part of this study.
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The decision-making process typically changes course
multiple times (Teisman 2000). The relations between
different rounds and the concept of shifting content
during the construction process were not investigated.

Data collection

Information for the actor analysis and network analysis
and analysis of the decision-making processes is gath-
ered through two types of sources: text analysis and
semi-structured interviews with key informants. Text
analysis includes analysis of secondary data, which are:
project documents, policies, (architectural) plans, and
meeting notes. These sources provide information to
establish an inventory of involved actors, their roles
and resources; and information about the outcome of
the construction process (the building itself and its
materials) and the actual implementation in practice.
As also stated by Enserink et al. (2010), in order to
assess the influence and involvement of actors in the
network and within the decision-making process,
interviews with key informants are necessary to shed
light on these elements and gain a deeper under-
standing of these process-related interactions
in practice.

Interviews with key informants concerned nine
interviews, of which three interviewees were associ-
ated with each case (Table 4). The interviews lasted
approximately two hours and were conducted in-
person between 7 November 2018 and 10 December
2018. The analysis, which involved manual coding,
proceeded in accordance with a standard iterative
process typically employed for qualitative data. The
semi-structured interviews were conducted using a
preconceived interview protocol. The questions were
formulated in line with relevant concepts gathered
from theories on actor analysis, network analysis, and
decision-making processes and circularity. In order to

Table 3. Data analysis: coding of interview data for the decision-making process visualization.

Concepts decision-

making process Visualization Retrieved from interview
Actor Involved - Open node - Consulted during decision-making
Influence - Filled node - Participated in decision-making
Round Circle Decision regarding a circular strategy or subsequent pattern, design strategy
Time Position of round Phase of construction process in which the decision was made
Implementation Colour of round - Black - Decision implemented
- Grey - Decision not implemented

Table 4. Cases included in the case study research.

Case Type Year Location Standard Interviewees

Case I: Townhall Brummen Renovation 2013 Brummen Cradle-to-cradle certified Two contractors, designer

Case II: The Green House New-build 2018 Utrecht Building circularity index Client, designer, project manager
Case lll: EDGE Olympic Transformation 2018 Amsterdam BREEAM Excellent Client, designer, dismantler
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deal cautiously with the sample size of nine inter-
views, including three interviews per case, information
about involved actors, their influence, relations and
role within the decision-making, was compared and
cross-checked with the interviews and other
data sources.

Case study research

The case study research evaluates three circular build-
ing cases in the Netherlands (Table 4). These cases are
Townhall in Brummen built in 2013, The Green House
in Utrecht built in 2018, and EDGE Olympic in
Amsterdam built in 2018. These cases were selected
based on specific criteria: an ambition for circularity,
recent realization (after 2010), and a similar context
and comparable construction process. Notwithstanding
these aforesaid similarities, it must be noted that these
cases concern different types of projects, that is, a
renovation project, a new-build project, and a trans-
formation project. Therefore, one must exercise caution
regarding the generalisability of the results on the
identified multi-actor environment and decision-mak-
ing process in relation to these different contexts.

Case description

Case | — Townhall in Brummen - is a renovation pro-
ject, that includes: 1) demolition of the existing muni-
cipality building, (2) preservation of the existing
monumental villa, and (3) construction of a new
U-shaped municipality building surrounding the
monumental villa. The building includes office spaces,
meeting rooms and public reception areas. The project
was initiation by the client (the municipality, a public
owner-user) by means of a public tender in which
sustainability was included as one of the criteria for
selection. More specifically the client demanded a cra-
dle-to-cradle certified building with a temporary life-
time. In other words, the temporary lifetime
demanded that provisions for demountability and
reuse of materials afterwards needed to be included
in the design. The new municipality building’s primary
structure consists of a timber structure in combination
with steel connections. Its facade comprises a combin-
ation of glass and wooden-shutter elements. Other
materials include a green roof and bamboo floor
finishings. The process of timely demolishing and
accommodating the new building attached to the
monumental building provided some complexity in
terms of planning. The accommodation of the munici-
pality needed to be continuously secured. In the end,
however, the building was completed in just 7

months. A design and build contract was used, which
demands the early involvement and central position-
ing of a contractor, who coordinates between the cli-
ent and designer. While the client has a strong
influence over the process, they are not involved dir-
ectly (Figure 2).

Case ll, The Green House, is a new-build project
which accommodates a restaurant, meeting rooms,
and a greenhouse to grown vegetables and herbs. It
was built with a temporal lifespan in mind, which was
not necessarily informed by sustainability concerns,
but rather was determined by a dictate from the
urban planning scheme that stated that another office
building was to be constructed in the same location
15 years later. The Green House was constructed sim-
ultaneously alongside the transformation of a former
barracks building into government offices. Both build-
ings were part of the same project, which was publicly
tendered. This resulted in a slightly similar actor envir-
onment and parallel construction processes. The
designer was involved in the design of both buildings,
which provided opportunities to reuse materials from
the barracks building in The Green House, such as the
reused glass facade elements. The Green House con-
sists, amongst others, of a prefab concrete base, a
demountable steel structure of columns and beams, a
steel roof frame, a prefab timber frame flooring and
wall structure, and reused concrete tiles as floor finish-
ing. The Green House was realized in a Design, Build,
Finance, Maintain and Operate-contract (DBFMO). This
type of collaboration typically incentivizes actors to
consider the long-term or entire life cycle of the build-
ing. It usually results in the clients having limited influ-
ence over the process, and, indeed, in this particular
case, the client (a public owner, not a user) was not
directly involved. The client only, during the initiation
of the project, demanded that the building should be
temporal and demountable (no waste should remain
on-site). Rather, a consortium comprising several
actors was established, in which the contractor
became the owner and was responsible for the oper-
ation phase (Figure 3).

The EDGE Olympic building (Case lll) concerns a
transformation project. An existing office building was
renovated and transformed, which included the con-
struction of entirely new floors on top of and adjacent
to the existing building. The transformed building
would provide office space to multiple companies,
with the inclusion of a shared space with different
types of meeting rooms. The EDGE Olympic building
was designed to meet the BREEAM Excellent standard.
The project was a traditional collaboration, in which
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Figure 2. Townhall in Brummen (Case I). (© 2013 Léontine van Geffen-Lamers).

the client (a private owner-user) collaborated inten-
sively with a designer and some specialists during the
preparation and design phase. Afterwards, when con-
struction began, the contractor also joined the pro-
cess. During the whole process, the client was
involved in all phases. The existing building was pri-
marily preserved, except for its natural stone facade
elements that were recycled and applied as flooring
inside the building. The additionally added floor on
top of the existing building was made of a prefabri-
cated lightweight timber structure designed with
demountable connections and a fagade consisting of
glass elements (Figure 4).

Findings

Composition of multi-actor environment in
circular construction processes

The three cases demonstrated that each multi-actor
environment comprised different actors, which is to
say that each case had its own distinctive network
made up of specific types of actors. These types of

actors can be organized into the following categories:
experts with knowledge of circularity, conventional
actors who have acquired knowledge on circularity,
and conventional actors with either limited or no
knowledge of circularity. Both the level of knowledge
and the question of whether actors acquired know-
ledge on circularity were concluded from the inter-
views. In the interviews, the knowledge that was
displayed by certain actors about circular strategies
and subsequent design strategies and patterns
was collected.

Figure 5 shows the networks that were identified in
the case study research. All three cases involved, to
varying degrees, experts who had knowledge on circu-
larity. In Case |, these expert actors were: a circularity
expert, consultant, and dismantler. Case Il had a circu-
larity expert, while Case Ill had: a circularity expert,
dismantlers, an investor, and reclamation experts.
Moreover, these cases also involved conventional
actors who had acquired knowledge of circularity. In
Case |, this involved two specialists and a supplier. In
Case I, there was a contractor, subcontractor, and
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Figure 3. The Green House in Utrecht (Case Il). (© 2018 Lucas van der Wee).

suppliers. And in Case lll, the subcontractor had such
knowledge. As indicated by the size of the nodes,
these actors exerted moderate or little influence over
decision-making in these cases. Finally, these cases
involved conventional actors who had little or no
knowledge of circularity. In Case |, these actors were
the client, contractor, designer, project manager, spe-
cialists, subcontractor, and supplier. In Case I, these
were the client, contractor, designer, government,
legal officer, project manager, and specialists. And in
Case lll, these were the client, contractor, designer,
government, and specialists.

There was a strong sense of coordination and
exchange of information (thick lines) on circularity
within the project team primarily, and to a lesser
extent between the project team and surrounding
actors. The following surrounding actors did coordin-
ate frequently with actors in the project team (these
do not all pertain to actors who had the resources to
implement circularity): a circularity expert, client, con-
sultant, and supplier (Case 1); a supplier (Case ll); a cir-
cularity expert, contractor, and dismantler (Case Ill).
From these cases, it remains uncertain whether
already established relations are beneficial for imple-
menting circularity. Relations outside the network

were established to facilitate the reuse of secondary
components. Based on these cases, this was facilitated
by two aspects: (1) the proximity of secondary compo-
nents in terms of distance, and (2) the external net-
work of the involved actors. With respect to all three
cases, it appears that both contractors and designers
helped to organize the reclamation of second-
ary components.

The actor positioned in the centre, that is, the actor
with the highest number of relations and highest
number of relations that display frequent coordin-
ation, was, respectively: the contractor (Case I), project
manager (Case ll), and client (Case lll). In Cases | and
lll, the centrally positioned actors also exerted the
highest influence over decision-making. Regarding
Cases | and lll, the actor in the central position, was
formally determined based on the type of building
contract and the attendant responsibilities. In Case |,
this actor (contractor) was responsible for designing
and building as well as interacting with other actors
in their capacity as contractor-subcontractor. In Case
I, the centrally positioned actor and the actor with
the highest influence on decision-making was
divided between two actors: the project manager and
the contractor.
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Figure 4. EDGE Olympic building in Amsterdam (Case lll). (© 2019 Ossip van Duivenbode).

The analysis of the cases demonstrates that those
actors that were part of the project team had a
greater influence on decision-making. The project
team in each case consisted mainly of conventional
actors who lacked substantial knowledge on circular-
ity: clients, contractors, designers, project managers,
and specialists in building physics and structural
engineering. Notwithstanding this finding, some actors
who were not part of the project team were neverthe-
less found to have moderate influence: in Case |, this
was a circularity expert, client, consultant, and a sup-
plier; in Case ll, this was a subcontractor; and in Case
Il this was a dismantler. Interestingly, these actors
were all either expert actors or conventional actors
who had acquired knowledge on circularity. Thereby,
these actors all provided circularity-related resources.

Decision-making and implementation of CSs in
the construction process

The research into how the decision-making process
evolved over time analyzed the assumed benefit of

early decision-making with respect to circularity.
Figure 6 shows how the decision-making process
evolved over time for all three cases. As one can dis-
cern, several rounds of decision-making took place to
decide on the beginning and end-of-life scenarios.
These distinct rounds were pinpointed by identifying
decision-making on CSs, as determined by the analyt-
ical framework. As can be seen in Figure 6, the deci-
sion to implement CSs (1) maximizing material and
energy efficiency and dematerialization were made
relatively early on in all the considered cases. Hence,
these rounds are positioned in the pre-phase.
However, these cases all applied this strategy differ-
ently in practice (see also Table 5), in order to reach
the overarching goal of preventing and reducing
material use: applying a lightweight construction (Case
I); reducing the dimensions of structural components
(Case Il); and by the in-situ reuse of an existing build-
ing (Case IlI).

Although decisions on the CS (2) functionality with-
out ownership and extending product value were
made for all three cases, their implementation differed.
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Figure 5. Multi-actor environment including involved actors, their relations, positions, and influence on decision-making, for Case
| (Townhall Brummen), Case Il (The Green House), and Case Ill (EDGE Olympic).

Cases | and Il used CS (2) to make agreements on
delivery and the taking back of components, deter-
mine the end-of-life scenarios (i.e. securing demount-
ability) and lay down ownership. Ultimately, however,
this CS was not properly implemented in Case I. Case
Il involved several expert actors deciding on CS (2) as
a beginning-of-life scenario for the building, resulting

in the implementation of a long-life design strategy.
These cases demonstrate that CS (2) was effectively
implemented if the decision round took place in the
initial stages of the project. Later in the process, the
opportunities for implementing this strategy appeared
to be limited due to the risks associated with non-
traditional ownership structures.
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Whether or not the CS (3) extending resource value
and industrial symbiosis was properly applied in the
three cases is questionable, insofar as its implementa-
tion predominantly resulted in downcycling. More spe-
cifically, the secondary materials degraded after
recycling in Case lll, while, in regards to Case I, some
materials were applied based on their ability to
degrade biologically at the end of their lifespan. This
resulted in the use of bio-based materials. In Case Il,
the decision was taken to separate biological and
technical nutrients, in order to facilitate recycling.

In addition to these findings on the relationship
between decision-making on certain CSs and their
subsequent implementation, findings related to actors’
involvement over time were also considered.
Specifically, the examined cases show that designers
and contractors were involved in the pre-phase.
Moreover, in Case |, a specialist and supplier was
involved in the initial stages. In Case Il, a circularity
expert, specialist, and supplier were involved at this
early stage, while in Case lll a dismantler, reclamation
expert, and specialist were involved during the initial
stages. With respect to all three cases, the client initi-
ated the project by proposing either a circular or sus-
tainability-based vision, centred on tendering a
sustainable building, demanding a demountable build-
ing, or demanding closed resource loops.

As can be discerned in Figure 6, the involvement of
certain actors does not necessarily indicate that these
actors had any influence over decision-making
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(as indicated by the non-filled and filled circles).
Certain actors were indeed involved in several rounds
while simultaneously exerting (albeit in a limited
sense) influence over decision-making. In Case |, this
concerned a client, contractor, designer, and supplier.
In Case Il, a contractor, designer, project manager,
specialist, and supplier exerted influence over deci-
sion-making, while a client, designer, and dismantler
occupied this position in Case lll. The actors who were
involved (albeit to a limited extent), but yet had no
influence over decision-making are as follows: a circu-
larity expert, dismantler, specialist, and supplier (Case
I); a circularity expert, suppliers, and a subcontractor
(Case Il); and a circularity expert, contractor, reclam-
ation experts, specialists, and a subcontractor
(Case IlI).

Cases | and lll point towards some degree of ad
hoc involvement (often in the form of consultation) by
certain actors. This often occurs in instances in which
decision-making is hampered because those actors
that are already involved tend to have limited know-
ledge of a certain CS. In Case |, a circularity expert
became involved due to the occurrence of CS (2)
the problem of implementing a non-traditional owner-
ship structure as part of a product-as-a-service.
Furthermore, in Case |, a supplier became involved to
provide knowledge about CS (1) on the structural
application of timber as a lightweight construction
material. In this specific instance, the supplier did
influence decision-making in this round. Case Ill saw
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Figure 6. Decision-making process including involved actors, topics (CSs and accompanying pattern), and rounds positioned over
time, for Case | (Townhall Brummen), Case Il (The Green House), and Case Ill (EDGE Olympic).

the involvement of a dismantler in the initiation
phase, who attempted to advise decision-making on
CS (1) in relation to components of the existing build-
ing that were suitable for reuse. However, ultimate
decision-making power continued to be held by the
client and designer.

Case Il also saw the involvement of an actor after
the design-making process, who subsequently then
also influenced the decision-making process. That is to
say, upon completion of the design/build phase a
second contractor became involved, who influenced

and accelerated the decision-making process with
respect to CS (2). Their involvement specifically con-
cerned the implementation of reuse at the end of life,
both in terms of demountability and take-back
schemes. The influential position held by this actor is
likely derived from their formal position as both the
owner and user of the building.

Table 6 provides an overview of the CSs that were
decided upon and, in most cases, implemented in
relation to the layers of the buildings in the three
cases. Some CSs were primarily applied to short-lived
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layers, while others were mostly applied to long-lived
layers. As one can see, CSs (1) and (2), whose aim was
to facilitate reduction and reuse, were primarily
applied to long-lived layers. Conversely, CSs (2) and
(3), which sought to facilitate reuse and recycling,
were decided upon and implemented in relation to
short-lived layers, although the complete implementa-
tion of CSs (2) for short-lived layers proved to
be difficult.

These findings demonstrate that in these cases the
pre-phase was important for securing circularity and in
terms of making provisions for both the beginning
and end-of-life scenarios of the building. For these
cases, the study found that all rounds that took place
in the initial stages were implemented. Conversely,
those rounds that took place later in the project were
not all implemented. Of those rounds that took place
later on in the construction process but were imple-
mented, these were mainly related to the financial or
documentation elements associated with integrating
CSs (such as a decomposition manual) and primarily
concerned short-lived layers. The rounds that per-
tained to material elements (take-back management,
waste handling and processing) and which took place
later on in the process, were not wholly implemented.

Discussion
Implications for practice and research

The case study research demonstrates that some con-
ventional actors acquired knowledge of circularity,

>
>

maintain operate

CS] [pattern]

finance

actor,
round

involvement in decision-making
influence on decision-making

not implemented (in grey)

Qe o

which is in accordance with extant research in this
area (Munaro et al. 2020). Moreover, these actors
already sought to incorporate these renewed insights
into the development and implementation of circular
strategies. This suggests that when all conventional
actors acquire in-depth knowledge to implement cir-
cularity themselves, as opposed to relying on expert
actors, then such experts become superfluous insofar
as circularity has become common practice.

The relevance of the initiating role played by clients
is also consistent with prior research on innovation
processes in the construction industry (Wamelink and
Heintz 2015, Lindblad and Gustavsson 2020). Indeed,
in these cases, the client provides the “problem as a
point of departure” by stating the ambition on circu-
larity. This study shows that, irrespective of whether
the client takes the initiative in terms of promoting
circularity, other actors, such as the contractor and
project manager, can still act on and steer towards
adaptation and implementation of certain CSs. These
actors positioned centrally in the network can be indi-
cated as important nodes who influence deci-
sion-making.

Of course, universities have an important role to
play in terms of providing conventional actors (i.e.
designers, contractors, specialists) with a sound know-
ledge of circularity via their programmes of study.
Along with providing these conventional actors with
the requisite knowledge and skills on circularity.
Munaro et al. (2020) argue that a change of mentality
is ultimately required if these actors are to truly con-
tribute to the transition towards a circular economy.
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Table 6. Implementation of CSs for the building layers in each case.

Site Structure Skin Services Space plan Stuff
Case | (1) reduce, (2) reuse (2) reuse (3) recycle (3) recycle
(2) reuse
Case Il (1) reduce, (2) reuse, (2) reuse, (2) reuse, (2) reuse,
(2) reuse (3) recycle (3) recycle (3) recycle (3) recycle
Case Il (1) reduce, (2) reuse (2) reuse (3) recycle
(2) reuse

CS (1) maximize material and energy efficiency and dematerialization.

CS (2) functionality without ownership/product service system (PSS) and extending product value.

CS (3) extending resource value and industrial symbiosis.

The cases examined in this paper also testify to the
fact that circularity has not yet become common prac-
tice in the building industry, and that, in fact, circular
knowledge is still largely incorporated in the develop-
ment of projects through experts and actors centrally
in the network. While the role of an expert actor or
actors who seek to drive a swift implementation of cir-
cular strategies, can be occupied by a range of differ-
ent actors, it demands a central position within the
multi-actor environment. In all of the three cases
under examination, the actors that were part of the
project team had a greater influence on decision-
making, but yet, as aforesaid, these conventional
actors lacked expertise on circularity. Ideally, expert
actors who are capable of implementing CSs should
become part of the project team, so that they can
more effectively influence decision-making.

Moreover, these cases particularly underscore that if
these experts are involved in the pre-phase of the pro-
cess, their contribution towards circularity is greatly
enhanced. This is in accordance with the findings of
Sanchez and Haas (2018), who also concluded that
CSs will be more successfully implemented if attention
to decision-making rounds (which in their work are
defined as gates) as well as the incorporation of
appropriate planning methods are included in the pre-
phase of a construction project. Indeed, appropriate
decision-making and planning in the pre-phase have
been shown to contribute to the successful implemen-
tation of circularity and are a determining factor in a
project’s success (Sanchez and Haas 2018). Setting the
major decisions for the project in the pre-phase,
alongside securing the commitment of actors to con-
tribute their resources to the project, could help to
overcome, or at the very least reduce, the risk that
pressure-based elements of a project, such as time
and money, can lead to myopic decisions based on
appearances as opposed to long-term impact (Hart et
al. 2019).

With respect to the wider construction industry,
this study generates insight into how to accelerate the
transition process away from a linear process towards

a circular construction process. As the three cases
clearly illustrate, (expert) actors can influence decision-
making on circularity by virtue of their position in the
project team, as well as via their relations, or associa-
tions with actors with influential resources (i.e. build-
ing policy and legislation). Furthermore, this transition
constitutes a profound shift of attention towards the
end-of-life phase of a building. The end-of-life phase
should be integrated into the pre-phase of the con-
struction process, given that early decision-making on
the implementation of CSs can potentially help to
mitigate the perceived risks associated with the
involvement of unconventional actors (i.e. disman-
tlers), non-traditional ownership structures (PSS), and
secondary materials.

Limitations and suggestions for further research

While this study focussed on the types of actors
involved in circular construction processes, as well as
underscoring the importance of certain actors being
involved in the initial stages of the decision-making
process, it did not specifically address how these
actors should be involved or how they should specific-
ally influence decision-making. While the actor analysis
affords certain means through which to enhance influ-
ence - by means of relations in the network, and by
occupying a central position in the network - and the
decision-making process demonstrates how involve-
ment and influence change over time, further research
is required in order to address two outstanding ques-
tions. First, the research could explore how actors gain
influence in the decision-making process of circular
building projects. Secondly, the research could
attempt to establish the presumed benefit of involving
certain actors in the project team, as well as determin-
ing the benefit of engaging actors (who are beneficial
to implementing circularity) in the network in such a
way that they are not only involved but also
have influence.

Due to the qualitative nature of the approach
adopted in this study, one must exercise caution
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regarding the generalisability of the results on the
identified actor analysis and decision-making process
in relation to different contexts. Although the
researchers did compare and cross-check data from
interviews and secondary sources within the cases, it
must be noted that the visualization of both the
multi-actor environment and decision-making process
is a representation of a chaotic and dynamic reality in
which the researcher is highly dependent on valuable
information from involved actors. Hence, studies on
similar initiatives in other regional contexts would
allow for a more detailed comparison of the imple-
mentation processes of circular strategies, which, in
turn, would enhance the generalisability of the results
from this study.

Conclusion

From the case analysis, one can conclude that the fol-
lowing actors should be involved and play an influen-
tial role in the design-making process of circular
building projects: (i) conventional actors who have
acquired knowledge on circularity; and (ii) expert
actors in the role of advisors, consultants, and asses-
sors. Moreover, based on both the cases examined in
this study and the current state of the construction
industry itself, involving the following expert actors
would also be greatly beneficial: circularity experts,
dismantlers, investors, and reclamation experts.
Furthermore, these cases also testify to the fact that
implementation is facilitated by the involvement of
the following conventional actors, but, importantly,
only if they have knowledge of circularity: specialists,
subcontractors, and suppliers. Finally, actors centrally
positioned in the network can accelerate the imple-
mentation of circularity by exploiting their position to
acquire support from others and mobilize the
entire network.

Although the key actors responsible for implement-
ing CSs differ slightly across each case, early decision-
making appears to be a key determining factor in the
success of a circular building project. Decision-making
with respect to circularity is based on the following
CSs: (1) maximizing material and energy efficiency and
dematerialization; (2) functionality without ownership/
product-service system (PSS) and extending product
value; and (3) extending resource value and industrial
symbiosis. Implementation of these CSs is beneficial if
decisions on CSs are made early in the process (prefer-
ably in the pre-phase). Subsequently, during the pre-
phase, these expert actors and other actors with
expertise on circularity can help in terms of deciding

between the various beginning and end-of-life scen-
arios. The consequence of this is that most decisions
concerning reduction, reuse, and recycling with
respect to short- and especially long-lived layers
should be carried out early on in the construc-
tion process.
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