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Abstract

The architecture, engineering, and construction (AEC) industry has struggled in its

efforts to transition to a circular economy (CE) due to lock-ins, where the industry

remains entrenched in practices that resist this much-needed transition. The solu-

tions implemented so far have been unsuccessful. This failure can largely be attrib-

uted to the prevailing paradigm, which assumes that by sequentially removing

barriers transition will naturally follow. However, this assessment overlooks the

“lock-in” effect of practices within the industry's linear model. A comprehensive,

holistic “whole of industry” approach is essential to uncover these lock-ins. In this

context, O'Brien's “three transformational spheres framework” is introduced to

examine how Australia's AEC sector is deterred from transitioning to a CE by three

groups of lock-ins, and provide viable recommendation to tackle them. Fifteen indus-

try experts were interviewed, covering the three dimensions of the framework. The

findings specify three levels of intervention that must be addressed in the industry

and recommend an order for tackling them: first, political systems and structures;

second, practical behavioral and technical responses; and finally, personal beliefs and

values. This article contributes significantly to the field by outlining a comprehensive

array of strategies for industry transition. Implementing these strategies in the dis-

cussed order has the potential to catalyze the long-awaited transformation of the

industry. This advances the theoretical framework concerning the adoption of a CE

within the AEC sector and provides a reliable reference for policymakers, practi-

tioners, and advocates who are orchestrating this transformative journey based on

circular principles.
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1 | INTRODUCTION

The architecture, engineering, and construction (AEC) industry plays a

vital role in the Australian economy, serving as the largest non-

services sector and providing direct employment to approximately 1.2

million individuals. Despite its economic significance, the Australian

AEC industry has faced considerable criticism due to its low resource

efficiency and unsustainable practices, surpassing global averages in

their adverse impacts on the environment, communities, and the

economy (Shooshtarian et al., 2023).

Much of the inefficiency in material use and wasteful operations

can be attributed to the linear economy model that currently domi-

nates the construction industry (Gyimah et al., 2024). One viable

approach to address these challenges in the AEC industry in Australia

involves transitioning toward a circular economy (CE) model (Rodrigo

et al., 2024). The essence of the CE paradigm lies in effectively man-

aging available resources. This includes extending the lifespan of

materials and minimizing waste generation through the adoption

of efficient design practices, offering a solution to these predicaments

(Osobajo et al., 2022; Wuni, 2023). The CE paradigm advocates for a

production and consumption system centered on sharing, leasing,

reusing, repairing, refurbishing, and recycling materials and products

for as long as possible, thereby extending their life cycle (European

Parliament, 2022; Stefan et al., 2022). Specifically, within the AEC

context, a CE entails an economic system that replaces the traditional

“end-of-life” concept, focusing on reducing, reusing, recycling, and

recovering materials throughout the production, distribution, and con-

sumption processes, aiming to maintain a closed-loop approach and

minimize the reliance on new natural resources (Ghisellini &

Ulgiati, 2020a).

Throughout the Australian landscape, the momentum for a CE

has surged, driven by a growing awareness of the critical significance

of environmental sustainability (GBCA, 2021; Halog et al., 2021;

Parry-Husbands et al., 2021). The benefits of adopting a CE within the

AEC context are widely acknowledged by both practitioners and

researchers, with a shared recognition of its potential to drive the

AEC industry toward sustainable practices (GBCA, 2021;

Levitzke, 2020). In reality, neither the widespread adoption of CE nor

the envisaged systematic transition within the AEC industry has

occurred (Horne et al., 2023; Shooshtarian et al., 2023).

Examining the literature on transitions, the issue primarily stems

from the characteristics of the existing industrial system, which origi-

nated in a period marked by abundant resources and a smaller global

population. Initially regarded as unproblematic, the system's inadequa-

cies have become apparent as global demands have increased

(Gyimah et al., 2024; Wuni, 2023). Despite growing recognition of the

advantages of transitioning to a CE, potent forces including economic

interests, political factors, behavioral dynamics, lobbying, and advo-

cacy persistently uphold the status quo. Such individual constraints,

although potentially surmountable in isolation, collectively reinforce

each other, resulting in a system-level lock-in effect (Peralta

et al., 2020; Sopjani et al., 2020); they are exacerbated by practical,

political, and personal contexts that favor linear practices and deter

potential adopters from embracing and implementing a CE approach

(Bilal et al., 2020; Horne et al., 2023; Van Bueren et al., 2022); and,

they collectively perpetuate the dominance of linear practices, compli-

cate change, and impede the transition to a CE (Aminoff & Sundqvist-

Andberg, 2021). This persistent endurance of dominant practices,

despite the emergence of superior alternatives, is termed as lock-in

(Arthur, 1989; Goldstein et al., 2023). Lock-in refers to a situation

where existing technologies, practices, or systems become

entrenched, making it difficult to transition to more sustainable alter-

natives. This can include factors, such as existing infrastructure, regu-

lations, and established supply chains that favor linear practices

(Nagatani & Helbing, 2004; Nasir et al., 2017). The adverse impact of

the lock-in concept, hindering widescale adoption of CE and perpetu-

ating linear practices, has been increasingly evident across various

industries (Aminoff & Sundqvist-Andberg, 2021; Greer et al., 2021).

Past research has recognized the importance of investigating the

issue of slow progress in sustainability-related phenomena from

the perspective of linearity lock-ins (Aminoff & Sundqvist-

Andberg, 2021; Goldstein et al., 2023). The impact of lock-in and

established linear practices as formidable barriers to a CE adoption in

the Australian AEC context is also well documented for the Australian

AEC context (Horne et al., 2023; Shooshtarian et al., 2023; Van

Bueren et al., 2022). A review of the now available literature, how-

ever, fails to identify any scholarly work that has attempted to pro-

mote circularity through tackling lock-ins in the Australian AEC sector.

In essence, though there are many studies that justify the necessity of

a transition to a CE, research on informing “how” a transition to a CE

in Australia should take place is scarce (Ghisellini & Ulgiati, 2020a,

2020b; Marino & Pariso, 2020; Melles, 2021).

To address this gap, this study aims to harness the frameworks of

constraints and lock-ins to tackle the prevailing linear paradigm. More

specifically, this study is an attempt to investigate individual con-

straints and how they form system-level lock-ins in the context of the

Australian AEC industry that prevent the uptake of new innovations

that can facilitate a transition to a CE. The objectives are formulated

as follows: (1) identify the factors that impede the adoption and diffu-

sion of technological innovations conducive to facilitating a transition

to CE; (2) investigate how these constraints interact and contribute to

the formation of system-level lock-ins within the socio-technical sys-

tem of the AEC sector; (3) provide viable remedies aimed at addres-

sing the system-level lock-ins.

The approach taken by this article is novel, as it is one of the first

of its kind in the AEC context to demonstrate the theoretical and

practical relevance of understanding lock-ins in a transition to a

CE. This addresses a gap identified in recent studies (Shooshtarian

et al., 2023). In this regard, O'Brien's (2018) “three transformational

spheres framework” is utilized as the theoretical framework. It pro-

vides a steppingstone and sound basis for future research into the

field from the perspective of system-level lock-in phenomena. For

the world of practice, this article acts as a point of reference for policy

makers and industry practitioners, who aspire to advocate the adop-

tion of a CE within the Australian AEC domain, illuminating perspec-

tives as well as a blueprint for other countries and settings.
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The structure of this article proceeds, as follows. Having provided

an introductory background, it proceeds to the contextual background

in which the mechanism by which linear industry practices have sty-

mied the transition to a more desired circular economy, is explained.

Section 3 introduces O'Brien's framework as the theoretical lens by

which the problem of breaking “lock-in” practices is examined. A

description of the research method follows; the interview design,

sampling, and data collection. Section 5 offers an analysis of interview

findings, and specifically highlights salient recommendations made by

experts for a transition to circularity. Section 6 extracts those recom-

mendations and juxtaposes them against identified challenges in a dis-

cussion on what a successful implementation of recommendations

might entail. Specifically, of the three generic “lock-in” classes identi-

fied, it appears evident that these be tackled in a sequenced order of

priorities: political, practical, and personal, respectively. The article

ends with concluding remarks.

2 | CONTEXTUAL BACKGROUND

The regional boundaries assessment for Australia offers a sobering

picture, revealing high pressures on ecosystem processes despite its

low population density. Climate change has already exerted pressure

on societal and economic production processes, manifesting through

bushfires, droughts, floods, and the deterioration of Australia's Great

Barrier Reef (Van Bueren et al., 2022). Striving toward self-sufficiency

and “closing the loop” for all major processes is considered an effec-

tive solution, offering three bottom line benefits, along with regional

resilience and stability for Australia (Melles, 2021; Van Bueren

et al., 2021, 2022). This can be translated into circling flows and eco-

nomic processes that are not part of the linear economy and take

responsibility for regulating the three bottom lines of sustainability,

namely, a CE (Kevin van Langen et al., 2021; Van Bueren et al., 2021).

The circular economy seeks to decouple resource extraction from

economic growth to enhance resource efficiency. It contrasts with the

linear economic model by emphasizing closed resource loops. A

broader perspective highlights the importance of slowing material

flows in both somewhat circular and predominantly linear economies.

The most comprehensive view advocates optimizing resource use

across all economic activities, not just those with high material con-

sumption. This perspective is prevalent in modeling assessments and

literature reviews, including this one (Kevin van Langen et al., 2021;

McCarthy et al., 2018).

In contrast to Europe, where measures to transition toward a CE

have gained considerable momentum and been mandated (Ciliberto

et al., 2021; Ghisellini & Ulgiati, 2020a; McCarthy et al., 2018),

Australia has proceeded with more caution due to its much smaller

dispersed population centers and reliance on materials extraction

through mining (Levitzke, 2020). Despite this, there is consensus on

the effectiveness of a CE and the necessity of a transition to CE in

Australia (Halog et al., 2021); therefore, coalitions and networks of

research organizations, government and nongovernment actors, con-

sultancies, and niche actors have become active, with an explicit goal

to promote the adoption of a CE in Australia (ACE Hub, 2020;

Melles, 2021; PwC Australia, 2021; Rynne, 2020).

The adoption of CE practices in Australia is projected to yield sub-

stantial benefits compared to business as usual. It is estimated that by

2025, the implementation of CE can generate an additional $23 bil-

lion, and by 2047–48 it can contribute up to $210 billion to the GDP;

so too, this transition is anticipated to create approximately 17,000

full-time job equivalents (Rynne, 2020). Other modeling approaches

show that Australia could generate $1860 billion in direct economic

benefits over 20 years and save 165 million tons of CO2 annually by

2040 (PwC Australia, 2021). This concerted effort is also evident in

the context of the Australian AEC sector, as discussed next.

2.1 | Circular economy in the Australian AEC
context

The AEC sector has witnessed an unprecedented interest in CE,

driven by numerous national and international organizations world-

wide. This growing interest has led to an increased focus on conduct-

ing research on adopting a CE across the AEC context (Atapattu

et al., 2024), including within the Australian AEC context

(Shooshtarian et al., 2021).

First attempts aligned with the concept of CE within the

Australian AEC industry were informed by the principals of waste

management, where the sole focus was increasing the rate of

waste diverted from landfill and internalizing a culture of managing

waste in AEC-related projects (Crawford et al., 2017; Udawatta

et al., 2015). The focus and intention was increasing the rate of reuse

and recovery of construction materials and products, though recycling

was given top priority among other approaches of managing waste

(Kabirifar, Mojtahedi, Changxin Wang, & Tam, 2021). That said, the

adverse impacts of rigidity of traditional practices and established

attitudes—a shorthand for lock-ins—was identified as a major barrier

toward a widespread adoption of waste management (Kabirifar, Moj-

tahedi, & Wang, 2021; Teo & Loosemore, 2001; Udawatta

et al., 2018).

In years after 2013, the concept of “reverse logistics” that shows

noticeable commonality with a CE gained momentum; a stream of

research studies in the Australian AEC context focused on identifying

the barriers that hinder closing the loop for construction and building

materials at the end of their first service life (Chileshe et al., 2015,

2018). All these highlighted the role of established regulatory, eco-

nomic and personal perceptions formed by linear practices as major

barriers to adopting reverse logistics, echoing the need for tackling

system-level lock-ins in the Australian AEC context (Rameezdeen

et al., 2016).

The restriction of waste imports by China, along with the ban on

certain foreign waste materials and stricter limits, heightened pressure

on Australian landfill sites (Kabirifar, Mojtahedi, & Wang, 2021;

Pandey & Shukla, 2019). As a result, the growing volume of construc-

tion and demolition waste has become an additional burden. To

address this issue and divert waste from landfills, a transition from the

HOSSEINI ET AL. 3
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linear model of “resources-products-waste” to a CE model of

“resources-products-waste-renewable resources” has gained momen-

tum (Halog et al., 2021; Hossain et al., 2020; Urbinati et al., 2017).

The Senate's Environment and Communications References Commit-

tee highlighted the urgency of establishing a CE in Australia, as dem-

onstrated in the 2018 report titled “Never waste a crisis: the waste

and recycling industry in Australia.” The committee recommended

that the Australian Government prioritize the adoption of CE princi-

ples, emphasizing the efficient use, collection, recovery, and reutiliza-

tion of materials within the country (Commonwealth of

Australia, 2018, p. 5). Despite the widely recognized advantages

of adopting a CE in the sector, anecdotal evidence and past research

indicate that neither widespread adoption nor the intended system-

atic change has been observed (Shooshtarian et al., 2021, 2023). In

the context of the AEC industry, the gap between intention and

implementation has largely been attributed to system-level barriers

and entrenched linear practices that impede necessary changes, mak-

ing a transition costly, risky, and unjustified (Horne et al., 2023;

Shooshtarian et al., 2023; Wijewickrama et al., 2021).

2.2 | Linear lock-ins

‘Drivers and barriers’ is the common language used to explain why

the Australian AEC industry has failed to transition to one more sus-

tainable, predicated on a CE (Rodrigo et al., 2024; Shooshtarian

et al., 2023). The implication here is that the mere identification of

barriers implies that their removal will lead to a resolution of all associ-

ated issues. A legacy of this approach is that when a list of barriers is

identified, and the result even years later is that the industry con-

tinues in its inefficient, wasteful, and outdated unsustainable prac-

tices, to assume that there are yet more barriers to be removed. And,

subsequent research generally finds new barriers, upholding that

assumption. The list of substantive barriers has grown to more than

eighty (Brenda Mutanu & Nicholas, 2018; Pasqualotto et al., 2023;

Singh et al., 2022). There is also the view that additional barriers

accrue to particular AEC sectors, such as mining or infrastructure

(Upadhyay et al., 2021), or to particular AEC methods or are unique to

particular countries (Gyimah et al., 2024).

The difficulty, however, is that the industrial system is itself

unsustainable, and attempts at remedying its constituent parts piece-

meal does not equate to a reinvention of a new industry (Langston &

Zhang, 2021). The current AEC in Australia is built on specific codes,

that recognize specific building practices, utilizing specific materials,

delivered through established supply chains, in order to deliver build-

ing projects of a recognizable type, life-expectancy and cost, for a

conservative, risk-averse clientele (Loosemore et al., 2023). Transi-

tioning to more sustainable materials, which can be reused, as one

example for adopting a CE, will be met with a regulatory environment

unprepared to authorize their use, tradespeople unfamiliar with their

installation, supply chains unable to deliver such materials, not to

mention customers reluctant to accept their inclusion in pricy capital

investments (Martek et al., 2019).

“Barriers,” as such, are not what is preventing an otherwise viable

AEC industry from becoming a sustainable, CE. The problem goes

deeper. The industry is itself ossified in an entrenched system incapa-

ble of being anything other than it is—a linear economy predicated on

the mantra of “build-use-demolish-repeat.” This realization has

attracted the terminology “locked-in” (Goldstein et al., 2023). While

concepts, such as “constraints and barriers” emphasize specific obsta-

cles hindering an industry's transition, “locked-in” refers to the sys-

tematic inertia across the entire system, which resistant change

(Aminoff & Sundqvist-Andberg, 2021).

Rather than think of what it is that is holding back the AEC indus-

try from becoming a CE as merely an extensive list of barriers, exami-

nation of the structural dependencies between a range of interacting

dynamics offers a more promising approach. This “locked-in” list, like

the barriers paradigm that preceded it, has been preliminarily identi-

fied in the literature. That list includes: lack of economic incentives

(Atapattu et al., 2024), existing infrastructure (Svingstedt &

Corvellec, 2018), technological developments (Corvellec et al., 2013),

organizational inertia (Aida et al., 2021), social and cultural factors

(Ylä-Mella et al., 2022), and, political and institutional factors (Cecere

et al., 2014). Nevertheless, this remains a fledgling research domain,

with the concept of “locked-in” yet to be investigated in the realm of

Australia's AEC industry. Consequently, this study aims to delve into

this concept. The mechanism for that investigation is O'Brien's (2018)

“three Transformational Spheres framework,” as described in the fol-

lowing section.

3 | THEORETICAL LENS

The analytical model employed for data analysis was the “three trans-

formational spheres framework” (O'Brien, 2018; O'Brien &

Sygna, 2013). This framework (see Figure 1) consists of three related

and interacting spheres of transformation: the practical, political, and

personal spheres. The “Personal” sphere refers to the individuals

internal value systems and world-views that would inform his/her

motivations and incentives for adopting transformation. That is, with-

out the “buy-in” of the actors involved, hope for change with be

resisted. The “Political” sphere refers to the role of government in

directing and facilitating change. Policy and regulations must be suit-

ably and comprehensively crafted and implemented to reshape indus-

try if indeed there is to be change. The “Practical” sphere refers to the

technical level of implementation. The right tools, procedures and

training must be made available. The practical sphere lies at the heart

of the model, encompassing tangible actions, interventions, and strat-

egies that directly contribute to the desired outcome. Complementing

this, the political sphere encompasses the systems and structures that

shape and govern these actions, while the personal sphere encom-

passes subjective beliefs and worldviews that influence individual and

collective behaviors.

This framework is particularly suited for investigating a transition

toward a circular economy (CE) in several respects. First, as illustrated

in Figure 1, it acknowledges the multilevel and multiphase nature of

4 HOSSEINI ET AL.
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any sustainability transformation by incorporating three dimensions

that provide a heuristic approach to understanding the complexity

and scope of transformations required (Herrfahrdt-Pähle et al., 2020).

Second, the framework's value lies in its recognition that impediments

to transition are neither independent nor incremental. O'Brien's

framework emphasizes the interdependent and holistic nature of all

elements impacting a system and identifies the three layers through

which change must be collectively realized (O'Brien, 2018). Third, this

framework can deepen the understanding of long-term change in

complex systems by studying innovation systems, which identify bar-

riers to the success of novel environmental solutions. While it con-

siders worldviews, paradigms, and other sociocultural constructs, the

inherent aggregation and abstraction of these elements may detach

the analysis from the perspectives of individual actors (Wojtynia

et al., 2023). As such, the findings were interpreted and synthesized

through the lens of three spheres of transformation, enabling a com-

prehensive analysis of the data and providing a deeper understanding

of the dynamics at play in a transition to a CE in the AEC context.

4 | RESEARCH METHODS AND DESIGN

4.1 | Research approach

This study sought to elucidate the intricacies of linear lock-ins within

the Australian AEC context. In such an investigation, the subject mat-

ter is inherently abstract, comprising subjective constructs that are

context-specific and experientially oriented. This aligns with a relativ-

ist ontology, as defined within the constructivist paradigm, which

underscores the contextual nature of reality (Guba & Lincoln, 1994).

Furthermore, lock-ins have received limited attention within the AEC

context. Addressing any little-understood phenomenon necessitates

an exploratory inquiry utilizing qualitative methods to unveil the

authentic experiences, perceptions, and practices of individuals

involved in the subject of this study (Neuman, 2006). One of the most

effective means of uncovering the experiences and practices of

experts in their natural context is through conducting interviews,

which is the most commonly employed method for data collection in

qualitative research studies (du Toit & Mouton, 2012). Conducting

interviews with experts was therefore the chosen method for this

study, as discussed next.

4.2 | Sampling and data collection

To recruit potential interviewees, a “purposive sampling” strategy was

used. The “purposive sampling” approach was employed to identify

and select professionals with substantial experience in implementing,

managing, and consulting on the transition to a CE within the AEC

context. This sampling method was chosen because it allows

researchers to meet research objectives concerning access to relevant

knowledge and experience, while also ensuring that experts are avail-

able and willing to participate (Rowley, 2012). Interviewees were

selected through prominent companies and individuals associated

with professional groups dedicated to CE, such as the Australian Cir-

cular Economy Hub and companies participating and presenting in the

Circularity Conference in 2022. Additionally, profiles of members of

sustainability consultancy firms and active participants in CE-related

professional networks, such as LinkedIn, were reviewed. LinkedIn,

which enables users to showcase their skills and expertise, has proven

to be a dependable source for assessing the qualifications of experts.

A total of 27 potential candidates were ultimately identified as experts

F IGURE 1 The three
transformational spheres framework.
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in CE, and specifically in advising and consulting in industry transition

to CE. Thus, these 27 were invited to participate, with 15 experts

agreeing to be interviewed (refer to Table 1 for details). The sample

size was considered adequate, aligning with the argument made by

Bazeley (2013) that data saturation can typically be achieved after

interviewing more than six participants. To enhance the generalizabil-

ity of the findings, a criterion of “demographic heterogeneity” among

experts was employed. This criterion aimed to ensure that experts

with diverse demographic attributes and varied professional experi-

ences were interviewed, thus encompassing a wide range of perspec-

tives and facets related to the topic. However, the primary focus

remained on identifying information-rich experts, which was crucial

for ensuring the validity and reliability of the study's results

(Rowley, 2012).

The interviews for the study were organized into two distinct

stages, each employing different methodologies. In the first stage, a

PowerPoint presentation was utilized to ensure all participants had

a clear understanding of the concept of “lock-ins” and the objectives

of the study. This stage included a question-and-answer session to

address any ambiguities or concerns. The second stage involved semi-

structured interviews conducted primarily through online video meet-

ings, each lasting between 30 and 44 min. During these interviews,

participants responded to questions about specific lock-ins they

encountered while integrating CE principles into their businesses and

projects. An initial list of potential lock-ins was prepared beforehand,

based on a comprehensive review of relevant literature from Australia

and beyond. Participants were then invited to modify this list by add-

ing or removing items, elaborating on each, providing examples, and

TABLE 1 Details of interviewees.

No. Role and qualifications

Organization

category Description

Interviewee

#1

Director Private sector

firms (specialized)

A company with over 30 years of experience of contracting

sustainable projects

Interviewee

#2

Senior associate Consultancies and

design firms

One of Australasia's largest design firms, with more than 770

talented designers and active in a wide range of project types

Interviewee

#3

Senior project manager, project delivery

and property

Government and

public sector

entities

State government

Interviewee

#4

Associate, sustainability and energy

services consultant, certified passive

house consultant

Consultancies and

design firms

Small consultancy active in providing consultancy on a change to a

CE

Interviewee

#5

Sustainability advisor Private sector

firms (specialized)

A large property investment firm and developer with commitment to

sustainable properties

Interviewee

#6

Owner and designer Independent

designers and

sole traders

A sole trader, active in designing closed-loop, symbiotic and

regenerative architecture

Interviewee

#7

Sustainability manager Other A large multinational consultant with offices in all Australian cities

Interviewee

#8

Architect/director/principal, passive

house certified designer, circular

economy adviser

Consultancies and

design firms

Small consultancy active in providing consultancy on a change to a

CE

Interviewee

#9

Sustainable design engineer Consultancies and

design firms

A small design company with experts from varied backgrounds who

all share a commitment to sustainable design, with projects across

Australia and Malaysia

Interviewee

#10

Senior sustainability and resilience

consultant

Other A large multinational consultant with offices in all Australian cities

Interviewee

#11

Energy and sustainability consultant Consultancies and

design firms

A large employee-owned engineering consultancy that operates in

all mainland regions of Australia

Interviewee

#12

Sustainability expert Private sector

firms (specialized)

A medium-size company active firms and government to inspire

empower sustainable change through circular principle

Interviewee

#13

Regional sustainability manager for two

states

Construction and

contracting firms

One of the largest contractors in Australia

Interviewee

#14

Principal sustainability consultant Consultancies and

design firms

A global multidisciplinary consultant company active in low-carbon

design and circular economy

Interviewee

#15

Circular economy consultant Other A large multinational consultant with offices in all Australian cities

6 HOSSEINI ET AL.
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discussing potential solutions and recommendations to overcome

these challenges.

4.3 | Data analysis

Data from interviews were analyzed using a two-cycle coding method.

Initially, “question-based coding” was applied in the first cycle, which

involved coding responses to each question separately. This inductive

approach allowed for a detailed breakdown of the data, facilitating ini-

tial exploration and categorization.

Subsequently, the second cycle employed “pattern coding” to

abstract the analysis further by synthesizing the initial codes into a

coherent scheme that aligned with the theoretical framework of the

research. This method connects detailed observations to broader

themes, adhering to the principles of thematic analysis through “ana-
lytic induction.” This approach ensures that the analysis captures both

the intricacies of individual responses and the broader thematic

insights relevant to the study's objectives (Merriam, 2014).

5 | IDENTIFIED LINEAR LOCK-INS

The interviews conducted yielded consensus that the prospects for

the adoption of CE practices within the Australian AEC sector are

promising. However, it was also acknowledged that there exist sub-

stantial linear lock-ins that must be addressed to fully realize this

potential. These barriers are comprehensively examined within the

context of the “three transformational spheres framework,” depicted

as a model illustrating linear lock-ins (refer to Figure 2). As depicted in

Figure 2, personal lock-ins encompass and influence all other lock-ins,

serving as the overarching framework that impacts various aspects of

the transition (see Figure 1). On the other hand, practical lock-ins pri-

marily pertain to technological aspects and can be mitigated through

advancements in technology.

5.1 | Practical lock-ins

Interviewees referred to several practical lock-ins, as illustrated in

Figure 2. These included insufficient technological advancements that

retains the value of materials at the end of their first use is a lock-in

that contributes to a prevalence of downcycling of high-value mate-

rials. Interviewees agreed that this presents a significant obstacle that

extends the dominance of linear practices. For instance, inappropriate

and mostly manual separation of different materials during recycling

processes can result in contaminated recycled products. These con-

taminants may affect the quality and safety of CE products, making it

difficult for them to meet the regulatory standards and requirements.

In some cases, materials are lost entirely due to weaknesses in pre-

landfill screening procedures.

Interviewees agreed that a shift toward a CE necessitates

designers to rethink conventional design processes, to consider the

lifecycle of buildings and building materials. This expanded scope

F IGURE 2 Model of linear lock-ins based extracted from the interviews.

HOSSEINI ET AL. 7

 10991719, 0, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/sd.3082 by N

ational H
ealth A

nd M
edical R

esearch C
ouncil, W

iley O
nline L

ibrary on [02/10/2024]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



faces new challenges and considerations that add complexity to the

design process, which often results in resistance to change and a ten-

dency to maintain business-as-usual practices. In this regard, inter-

viewee #7 noted that:

“our building industry is very established in such (con-

ventional) methodologies, and it is very difficult to get

expertise and skills that are required to put something

together in a different way.”

In addition, interviewee #13 also referred to the increased

complexity and added levels of uncertainty in technical aspects and

planning of projects associated with circular practices as opposed to

linear ones. One includes renovation projects as compared to new

construction:

“If you knock down, you've got certainty. You spend a

couple of weeks demolishing and removing a building,

and then you've got it clean. Basic ground. You can do

a fixed program. You can know exactly what is going

to be in the end product. And you know you're not

going to come across any surprises or challenges.”

5.2 | Political lock-ins

The political lock-ins identified by the interviewees highlighted the

importance of political will and supportive regulatory framework for

CE practices. They argued that the dominance of existing codes and

standards focused on raw materials creates challenges and ambiguity

regarding the quality of materials produced within the CE framework,

consequently, hindering their broad adoption and application in con-

struction projects. As such, interviewee #3 noted:

“if we're using recycled products as a possibility, some

people assume that the longevity or the life of that

building may be compromised.”

Some interviewees believed that the existing regulatory standards do

not adequately cover the unique characteristics and attributes of cir-

cular materials. For instance, according to interviewee #14:

“one of the other things that stops us to a certain

extent is, and this is a good thing in a lot of respect,

but… the regulatory environment is such that we are

not sure we can use those recycled goods.”

On the other hand, while the industry has extensive knowledge and

experience in using secondary materials and assessing their perfor-

mance through testing, the use of secondary materials as a replace-

ment still raises questions; according to the interviewee #13:

“There's like uncertainty in the industry around exactly

how it (secondary materials) will perform, the

long-term performance is a bit of a question mark

whereas there is a lot of knowledge on using virgin

products, and we know how to test them, how to

screen them. We know what the outcomes will be …

But when we've come to use secondary stuff to

replace some of those new products, we've had ques-

tion marks around.”

This was explained by the interviewees in terms of the AEC sector

being traditionally a conservative industry. The AEC industry tradi-

tionally focuses on durability, with established practices that have

demonstrated their long-term effectiveness. Any departure from

these established practices is viewed as a potential long-term risk that

could impact a project over the course of decades. The—experimen-

tal—practice of incorporating CE principles into design can have impli-

cations in the form of liability of designers and project teams. As such,

interviewee #6 concluded that:

“space for innovation is a little bit limited by that

liability.”

There was consensus among the interviewees that the existing regula-

tory gap creates uncertainty and risk, making it challenging to

embrace and utilize circular materials to their full potential. Many of

them pointed out that voluntary frameworks, green certificates, and

incentives primarily prioritize operational emissions over embodied

carbon and circularity. In essence, they raised concerns around a

noticeable absence of circularity considerations within major certifi-

cates, voluntary frameworks, and incentives throughout the AEC

industry. According to interviewee #7:

“all we get basically on major projects for commodities

is what are being called green commodities. But that's

essentially associated with the emissions profile of

those products, and not directly linked to circularity

of those products.”

As illustrated in Figure 2, the interviewees pointed out that the chal-

lenges associated with a lack of upstream policy support and man-

dated requirements have made circularity a secondary consideration

in projects. Moreover, the absence of onshore manufacturing poses a

hindrance to the effective management and utilization of resources.

To establish a successful CE, it is crucial to adopt a localized approach

that minimizes transportation costs and maximizes efficiency. As

interviewee #13 highlighted:

“I think one of the main barriers is a lack of

manufacturing that happens in Australia, or where it

does happen in Australia, the cost premium relative to

international sources.”

This shift toward localization can potentially address the current incli-

nation toward prioritizing low-cost solutions over circular ones. As

interviewee #4 elaborated on:

8 HOSSEINI ET AL.
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“natural market forces and competitive tendering

arrangements will look for the lowest cost solution for

a given material. Therefore, it's natural that it will

always default the lowest cost, and the lowest cost

will possibly not be the product that has the greatest

benefit for circular economy outcomes so I think a

lock-in is fundamentally cost…”

The other significant identified lock-ins were argued to be associ-

ated with insufficient cross-industry collaboration and the preva-

lence of a silo approach. This fragmented approach limits the

potential for synergies and deters realizing holistic solutions. One

specific observation made by interviewee #5 highlighted the

absence of system change scientists and economists to address this

issue. Compounding the issue is the existing procurement model,

which often follows a gate-to-gate approach, focusing on specific

commodities and their use in isolated stages of the product life

cycle rather than considering the entire lifecycle. This narrow per-

spective is a result of a lack of strategic planning and inhibits the

integration of circularity across the entire value chain. Moreover,

the interviewees also commented on the limited transparency in

the traceability of CE materials within the supply chain, as a lock-in

belonging to the political sphere (see Figure 2).

Furthermore, the interviewees underlined the reciprocal relation-

ship between supply and demand as a formidable lock-in, resembling

the classic conundrum of the chicken and the egg. As such, there is a

time lag between demand and supply, primarily stemming from the

limited availability of CE materials and practices within the supply

chain. In other words, the scarcity of CE materials and practices hin-

ders the fulfillment of demand, resulting in reduced interest and

prolonging the dominance and reliance of linear practices of the mar-

ket. Conversely, a lack of demand for circular products and services

discourages the development and scaling up of supply chain capabili-

ties. Breaking this lock-in presented as a cycle of limited supply and

low demand is hence crucial.

5.3 | Personal lock-ins

Apart from those that were covered under other spheres, several per-

sonal lock-ins related to beliefs, values, worldviews, and paradigms

that hinder a transition to a CE were discussed by most interviewees.

Of these, capitalism and consumerism pose a significant lock-in to

tackle. The prevailing culture of consumerism encourages individuals

to prioritize the acquisition of new products over reusing or sharing

existing resources. This mindset, interviewees believed, perpetuates a

linear consumption pattern, where products are quickly discarded

after use, leading to excessive waste generation and limited resource

efficiency. As interviewee #4 highlighted,

“there's an aspect of the circular economy in terms of

the sharing economy and occupational behavioral

change. So they are not very well developed at all…

there's little uptake on sharing schemes in context of

the circular economy.”

Another challenge is the misconception of a CE, often limited to recy-

cling alone. Interviewees were in agreement that many individuals and

even businesses perceive circularity as solely recycling waste mate-

rials, overlooking the broader principles of resource conservation,

product durability, and materials reuse, and regeneration just to name

a few. This limited understanding rooted in many years of linear prac-

tice, hinders the comprehensive adoption of circular practices in their

full potential. According to interviewee #8:

“people think about recycling. But recycling is just the

last of the worst possible way of doing what circular

economy is, most costly and least desirable….”

6 | RECOMMENDATIONS TO TACKLE
LOCK-INS

The analysis of the interviews revealed several key strategies and ini-

tiatives that can contribute to successfully tackling the identified lock-

ins. The outcome is formulated as a set of recommendations, which

are discussed below.

6.1 | Technical responses (practical)

Based on the insights gathered from the interviews, several recom-

mendations can be put forth. First, manufacturers should initiate and

scale up the incorporation of recycled materials into their production

processes. This involves not only developing technical measures to

identify high-quality recycled materials but also innovating in how

these materials are used to maintain or enhance the final product's

quality. To this end, it was recommended to emphasize manufacturer-

led initiatives that catalyze industry-wide shifts to achieve these

objectives as influential measures.

Second, adopting a learning-oriented approach was deemed criti-

cal. This approach should encompass continuous prototyping and

testing of new ideas, which can facilitate the transition from tradi-

tional, linear production methods to circular models. Companies

should create environments where experimentation is encouraged,

and failures are seen as learning opportunities, thus fostering innova-

tion in product development and manufacturing processes.

Third, interviewees emphasized a need for critical reflection on

the limitations of current products to enhance their durability, reus-

ability, and adaptability. This reflection should inform the redesign of

products to make them aligned with CE principles over their lifecycle,

integrating principles, such as design for disassembly. This practice is

vital as it ensures products are easier to dismantle at the end of their

lifecycle to facilitate the reuse and recycling of components. Addition-

ally, it was recommended that manufacturers conduct dematerializa-

tion assessments during the early stages of design. Such assessments

HOSSEINI ET AL. 9
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can help in reducing the material footprint of products by identifying

areas where materials can be minimized without compromising func-

tionality. Employing modular construction techniques, shifting toward

off-site construction, and planning for material contingency were also

advised. These practices can reduce waste and enhance the efficiency

of resource use.

Interviewees also agreed on the significance of adaptive reuse of

buildings and the integration of recycled materials in construction that

should be prioritized to reduce the environmental impacts of new

constructions and demolitions. Considering maintenance and repair as

alternatives to replacement is recommended to extend the lifespan of

products and buildings, thereby reducing waste and the consumption

of new materials. It is also advised to prioritize a major shift toward

fully assessing the feasibility of retrofitting and rehabilitating built

assets as the first step, and approving new construction only if these

options are not viable.

Lastly, implementing material traceability through material pass-

ports and aligning procurement models with circular economy

(CE) principles were mentioned as essential steps. Interviewees

pointed out that material passports can provide detailed information

about the materials used in products, thereby facilitating easier recy-

cling and reuse. Simultaneously, promoting new procurement models

like product-as-a-service (PSS) that align with CE principles was

deemed to have the potential to unleash a new wave of operational

efficiencies by increasing throughput in production processes.

6.2 | Political systems and structures

Government-led initiatives have the potential to play a pivotal role in

facilitating collaboration and synergy across different sectors. Never-

theless, interviewees raised concerns about intellectual property

issues, which could hinder knowledge sharing and collaboration due

to commercial and confidentiality considerations. To address these

potential lock-ins, the concept of establishing an independent third-

party body was proposed as a viable solution. Such an entity could

serve as a repository for existing knowledge, making it accessible to

all businesses, thereby mitigating intellectual property concerns and

fostering collaboration more effectively.

Furthermore, the interviews underscored the potential for gov-

ernments to play a proactive role in catalyzing markets for manufac-

turers utilizing secondary materials, thereby addressing prevalent

lock-ins and driving demand for circular products. For example, inter-

viewee #4 proposed the concept of governments providing incen-

tives, such as rebates to concrete manufacturers based on the volume

of recycled materials they incorporate into their products. Addition-

ally, interviewee #6 highlighted that governments could foster an

innovation-friendly environment, conducive to experimental design

and the prototyping of novel ideas. This could be achieved by mitigat-

ing legal lock-ins, such as establishing insurance mechanisms to sup-

port innovative ventures. It was emphasized in the interviews that

enhancing the value chain is a critical strategy in the transition to a

CE. This can be achieved by establishing an institutional buyer

committed to purchasing recycled goods, thereby creating a sustain-

able market for circular products. Interviewees also stressed the

importance of regulations and codes requiring transparency in the CE

supply chain and highlighted the need for establishing product stew-

ardship and ownership practices in the market that include take-back/

buy-back commitments. Additionally, interviewees highlighted the

importance of building a sustainable financial infrastructure, facilitated

through collaborations with major investment firms. Such collabora-

tions would ensure the availability of financing for businesses under-

taking the transition to circular business models.

Moreover, the interviews underscored the significance of creating

a certification framework that offers clear guidelines and promotes

consistent practices for the successful implementation of a CE princi-

ples. Interviewees recommended requiring companies to acquire certi-

fications similar to those issued by the World Green Building Council

(WGBC, 2024), or local equivalents, to demonstrate their alignment

with a CE in project delivery. Nevertheless, it was recognized that in

certain situations, decision-making should be decentralized, and

customized, context-specific solutions should be employed to tackle

lock-ins effectively. In particular, most interviewees expressed the

importance of incorporating the certification framework as a manda-

tory requirement in projects. However, interviewee #7 pointed out

that immediate mandatory measures might not be feasible or effective

within the existing system.

“Regulation would be jumping a step to too far in that.

It wouldn't achieve a solution. It's a very difficult thing

to impose. Because it impacts the economic viability of

the industry… adopting a circular approach to the built

environment is complex and potentially not readily

available now.”

The interviewees placed significant emphasis on the importance of

localizing the necessary infrastructure and highlighted the significance

of processing materials onshore within Australia. This approach is

aimed at improving affordability, ensuring that the benefits of CE

practices are widely accessible within local communities. Similarly,

past research has recommended a focus on local and operational

interests, including consultation with local authorities during infra-

structure planning and an emphasis on natural resources and ecosys-

tems for local development.

6.3 | Personal beliefs, emotions, and employment

Based on the insights garnered from the interviews, several strategic

recommendations can be advanced to facilitate the adoption of CE

practices and the associated socio-cultural and behavioral changes, as

discussed next.

It was emphasized that there is a need to cultivate mindsets that

value long-term sustainability over immediate gratification. Educa-

tional campaigns and public discourse should emphasize the long-term

environmental, economic, and social benefits of CE practices. By

10 HOSSEINI ET AL.
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shifting the focus from short-term gains to long-term benefits, individ-

uals and organizations may become more inclined to adopt CE-related

behaviors. To encourage participation in a CE, it is essential to high-

light the positive emotional outcomes associated with sustainable

practices. Publicity campaigns should focus on the joy, pride, and sat-

isfaction derived from contributing to a sustainable future. Promoting

these emotional rewards can motivate individual and collective

actions toward CE. Policymakers need to craft and disseminate tar-

geted messages that highlight the emotional and practical benefits of

participating in a CE. These messages should be designed to resonate

with diverse audiences and should be disseminated through various

media platforms to ensure broad reach and engagement. The success

of CE practices depends significantly on their ability to attract and

retain participants. Strategies should include creating community-

based programs that demonstrate the benefits of CE, thereby recruit-

ing new adherents and sustaining existing practices through social

proof and community endorsement.

Additionally, interviewees referred to the labor-intensive nature

of CE practices. Training programs, therefore, can play a dual role.

They equip individuals with the necessary skills to participate in CE

and also serve as a medium to propagate CE values and principles.

Continuous learning and development programs can help maintain

high levels of qualification and adaptability among employees, foster-

ing a workforce that is competent and supportive of circular practices.

The implementation of CE practices creates new job opportunities,

which can be leveraged to influence community behaviors and atti-

tudes toward sustainability. By linking employment opportunities

directly to circular practices, communities can see tangible benefits of

engagement, which in turn can motivate further participation and sup-

port for CE initiatives.

In conclusion, as articulated by interviewee #7, every individual

agent within the system can play a role thus effectively contributing

to a CE and closing the loop.

“having the ability to look upstream and downstream

at a few gates on either side,”

7 | DISCUSSION OF FINDINGS

The objectives of this study were formulated, as follows: (1) identify

the factors that impede the adoption and diffusion of technological

innovations conducive to facilitating a transition to CE; (2) investigate

how these constraints interact and contribute to the formation of

system-level lock-ins within the socio-technical system of the AEC

sector; (3) provide viable remedies aimed at addressing the system-

level lock-ins. To this end, O'Brien's three spheres were taken as the

theoretical lens by which to establish a clear and accessible frame-

work for understanding the key areas of focus when addressing linear

lock-ins in situations where a transition from current practices to sus-

tainable ones is necessary. This framework is generally in alignment

with various other theories and approaches, such as those found in

the literature on the multilevel perspective, social-ecological transfor-

mations, social innovation, and social practice theory (Geels, 2011).

In the realm of sustainable transitions, there has been a prevailing

assumption that the political sphere holds the greatest leverage

(O'Brien, 2018). This assumption is based on the belief that policies

can significantly impact feedback loops, information dissemination,

and, most crucially, the rules governing a system, particularly when

those in positions of power possess the authority to modify these

rules (Magnan & Michelon, 2024). Consequently, it is contended that

the ability to influence these rules is of paramount importance, making

political agency a central driver for addressing lock-ins and propelling

transformative changes (O'Brien, 2015). The significant influence of

political lock-ins has been consistently underscored in research exam-

ining the obstacles to transitioning to a CE within the Australian AEC

context; in these studies a transition has often relied on regulatory

interventions as a means to facilitate change (Chileshe et al., 2018;

Shooshtarian et al., 2023). This acknowledgment is evidenced by the

findings of the current study within the Australian AEC context (see

Figure 3).

Nevertheless, past research argues that the most influential lever-

age points are associated with the system's objectives and the mind-

set or paradigm from which the system, including its objectives,

structure, rules, delays, and parameters, emerges (He et al., 2024;

Ødemark et al., 2024). This aspect primarily resides within the per-

sonal sphere, encompassing individual and collective notions of jus-

tice, desirability, and sustainability. These notions are shaped,

modified, contested, or advocated for within the political sphere and

translated into action within the practical sphere

(O'Brien, 2015, 2018).

Findings of this study, specific to the Australian AEC context chal-

lenge this assumption. In this context, it becomes evident that addres-

sing practical and political lock-ins is paramount. Relying solely on the

influence of the personal sphere or considering it as the means to

address the lock-ins in the practical and political spheres, does not

yield the desired results. This perspective even contrasts with the pre-

vailing discourse within the Australian context, which predominantly

emphasizes the mitigation of personal lock-ins as a means of addres-

sing lock-ins in other spheres (BWA, 2023; Li et al., 2018).

As depicted in Figure 3, it is essential to recognize that the resolu-

tion of personal lock-ins should follow the successful mitigation of

political and practical lock-ins. In practice, when professionals are

F IGURE 3 The stepwise approach to tackle lock-ins within the
Australian AEC context.
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actively engaged in addressing practical and political lock-ins, the

focus should remain primarily on these aspects, while personal lock-

ins should not be the immediate priority for intervention. This sequen-

tial approach aligns with the understanding that political and practical

lock-ins often exert a more substantial influence on the prevailing sys-

tem dynamics, including regulations, norms, and practices within the

AEC industry (Brandão et al., 2022).

Recommendations of the study also have support from past

research. Notably Osobajo et al. (2022) underscore the critical impact

of manufacturer-led initiatives that have been previously undervalued

but are essential for industry-wide transitions. Complementing this,

Ali et al. (2023) recommend modular construction and material contin-

gency planning as effective means to diminish waste and boost

resource efficiency. Adding to this, Camilleri (2019) advocacy for pri-

oritizing maintenance and repair over replacements offers a pathway

to significantly reduce material waste and extend the functional life of

buildings. Furthermore, Camilleri (2019) champions product-as-a-

service (PSS) procurement models, which are in harmony with circular

economy principles and promise to usher in enhanced operational

efficiencies. Collectively, these research-backed recommendations

form a robust framework for advancing sustainability in the AEC

industry.

As for political lock-ins sphere the strategic importance of localiz-

ing infrastructure within Australia was recommended, to streamline

onshore material processing. This localization not only fosters self-

sufficiency but also addresses regional development imbalances. The

dialogs with experts also pinpoint the necessity of strengthening

inter-locality networks, thereby enhancing the socio-economic fabric

across various Australian communities. Similarly, Battaglia et al. (2020)

have advocated for this local-centric approach, along with the contin-

uous exploration of innovative practices that serve to minimize

adverse effects on local populations and the environment. Within the

sphere of personal lock-ins, community engagement was deemed

integral. Hao et al. (2020) have supported this insight and have

emphasized the effectiveness of community-based programs that

exemplify the merits of CE, advocating that such initiatives can garner

support through social validation and local advocacy. These programs

attract new followers and reinforce existing CE practices within the

community. Additionally, establishing a direct correlation between

CE-driven employment opportunities and community welfare was rec-

ommend as a pivotal strategy. Galarza-María et al. (2024) acknowl-

edge this by witnessing that communities are likely to increase their

participation and support where CE principles foster job creation,

which in turn strengthens community backing for CE, thereby

promoting a CE.

8 | PRACTICAL IMPLICATIONS

The findings offer a strategic, sequential roadmap to reduce or elimi-

nate lock-ins impeding the transition to a CE within the Australian

AEC sector. Once the political and practical barriers are effectively

mitigated, the focus can shift toward personal lock-ins. This phased

approach ensures that the structural and regulatory conditions are

suitable for transformative changes and lays a solid foundation for

integrating individual and collective shifts in mindset. Thus, by strate-

gically realigning the focus from personal to practical and political bar-

riers first, the AEC industry can establish a more robust platform for

comprehensive and sustainable change. Consequently, by following

this strategic, phased approach, the AEC sector can dismantle the

most significant obstacles first, thereby enabling a more effective and

sustainable adoption of CE principles. This methodical dismantling of

lock-ins ensures that changes are deemed robust enough to endure,

leading to a profound and lasting impact on the sector's goals for a

transition to a CE.

9 | CONCLUSION

While the concept of a CE remains relatively novel in numerous con-

texts, there has been a sustained discourse exploring its various

dimensions, particularly over the past decade in developed economies,

such as Australia. Consequently, the existing body of literature in

these countries has almost reached a point of saturation in its identifi-

cation of the barriers and drivers that influence the transition toward

a CE. This paper advocates for a departure from the current

discourse—which predominantly centers on identifying barriers and

challenges. Instead, it calls for a fresh perspective, one that views the

process of transitioning toward a CE through the lens of linear lock-

ins that sustain the prevalence of linear practices within the Australian

AEC industry. By doing so, this article offers several noteworthy theo-

retical contributions to the field.

This study introduces the concept of linear lock-ins to the ongo-

ing discourse concerning a transition to a CE within the AEC context.

It is novel in advocating for a departure from the mere identification

of barriers and challenges toward an approach that is informed by the

concept of lock-ins and emphasizes strategies for their resolution.

Furthermore, this study adapts and contextualizes the “three transfor-

mational spheres” framework, originally developed in a different con-

text, to suit the specific needs of the Australian AEC sector. The

components of each sphere within this customized framework are

identified and presented to provide a tailored perspective for the

Australian context. All these contributions offer a steppingstone for

further research in the domain that rely on the concept of lock-ins

rather than offering list of barriers.

Moreover, using the “three transformational spheres” framework,

this study challenges a prevailing assumption within the sustainability

transformation literature—which has been extended recently to the

domain of CE. This assumption asserts the paramount importance of

the personal sphere and advocates for prioritizing it as the primary

driver of sustainable practices during a transition. In contrast, the find-

ings of this study suggest a different approach, asserting that addres-

sing practical and political lock-ins must precede the tackling of

personal ones. The stepwise approach presented in this study is a

novel contribution, offering a clear path for addressing lock-ins across

the various spheres. This will likely stimulate lively discussions in the

12 HOSSEINI ET AL.
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field, helping to clarify the sequence for addressing linear lock-ins and

paving the way for further research. Furthermore, future research

endeavors could contribute to the maturation of this insight, to for-

mulate a comprehensive roadmap for resolving linear lock-ins.

In practical terms, the findings of this study offer a reliable point

of reference for practitioners and policymakers to identify and tackle

the factors that hinder widespread transitions to a CE. The array of

recommendations presented here adds further value, serving as a

starting point for practical implementation.

Despite its contributions, some limitations of this study must be

acknowledged. The sample size of interviewees, at just 15, is relatively

small, suggesting the need for further studies with larger samples and

diverse methods of data collection. Future research could include

broad surveys employing statistical methods, such as structural equa-

tion modeling (SEM) to test the model proposed in this study. Addi-

tionally, while the collected data represent a broad and experienced

diversity of experts, the range of views could be enriched by including

representatives from additional industry sectors to provide further

insight and nuance. Nevertheless, the expertise documented here

serves as a significant foundation for designing and launching further

research aimed at interrogating and validating the findings presented.

Another limitation is that applying these findings to contexts beyond

the Australian AEC sector should be approached with caution. Conse-

quently, this research could be extended to other developed or devel-

oping countries that face similar lock-ins impeding the transition to a

CE. This extension would test the applicability of the findings across

various contexts. Furthermore, experts could be engaged to evaluate

the likely efficacy of CE transition proposals developed through the

O'Brien framework introduced in this study.
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