
Early engagement 
with supply chain 

rated the 4th highest 
enabler

Specifying reuse of 
the existing asset

Client specification 
important (8/15)

Carbon saving (4/15)

More of an issue for 
stations and city 

centre locations with 
high land values

(4/15)

Project brief and 
design stages rated 

highest

Whole life costing

Design out waste

Design for durability

Product as a service

Seen as not well-
tested or familiar

(5/12)

Common examples 
carpet tiles or 

lighting

More relevant for 
short-term products

Industry wariness of 
introducing outside 

parties

Industry already 
doing through 
workshops and 

balancing cut/fill

Designing for offsite 
construction 

mentioned most 
often (8/15)

Offsite, prefab, 
modular (59%) and 
other MMC (62%) 

rated highly

Repetitive nature of 
linear infrastructure

Safety benefits in 
less time on site

Avoid material 
import/export (5/15)

Limited access and 
storage

Lower embodied 
carbon (2/15)

Safety benefits due 
to less on-site 

maintenance (3/15)

Short-term vision

Lack of ownership 
between client and 

operator

Resistance to change 
(business as usual)

Over two-thirds (11/
15) held the client as 

responsible

Client leadership

Client leadership 
more significant for 

rail than building
(9/15)

Framework to apply 
CE principles

Making decision 
based on total rather 

than capital 
expenditure

CE public 
procurement 
requirements

Link with whole life 
costing (3/15)

Link with client 
leadership and 

decision-making 
(10/15)

All of the clients
(5/5) had rated it a 

major enabler

Client responsible 
for total expenditure

Attributed to short-
term focus on 
CAPEX (9/15)

Highest-rated factor 
in the questionnaire 
(88% major enabler)

Only one client (1/5) 
regarded clients as 

responsible

Everybody is 
responsible or can 

have an impact
(8/15)

2nd highest-rated 
barrier (63% major)
lack of ownership 

generally recognized

Siloed working 
between projects and 

operations (8/15)

Should not be a 
problem if really are 

one organization
(3/15)

Caused by siloed 
working between 

projects and 
operations (5/15)

Caused by not 
considering the 
whole life cycle

(2/15)

Caused by 
contractual setup and 

procurement (4/5)

Short-term nature of 
contracts and 

projects a factor
(4/15)

Address short-term 
thinking in design 

and focus on capital 
expenditure (7/15)

Best for comparing 
options to aid 

decision-making
(6/15) Best used for 

establishing business 
case (4/15)

Can be used for 
either, as 

optioneering should 
support CE business 

case (5/15)

Durability preferred 
to flexibility in rail 

sector (7/15)

Flexibility more 
important for 
buildings, e.g. 

stations or temporary 
facilities (6/15)

Some benefit in just 
upgrading and 

reusing components 
in situ or at different 

sites (7/15)

Demolition for non-
technical reasons not 

an issue for rail 
infrastructure as 

more permanent and 
less commercial

(5/15)

Position in waste 
hierarchy, greatest 
thing in CE not to 
build in first place

(3/15)

Operator seen as 
risk-averse or 

different priorities, 
leading to challenges 

in handover from 
project delivery

(3/15)

Ineffective 
communication due 
to client size (3/15)

Confusion over 
operator or client 
role, e.g. TOCs

(7/15)

Rail sector seen as 
generally resistant to 
change, associated 
with safety critical 

nature, standards and 
risk-aversity (9/15)

Most organizations 
not set up for CE, 

need paradigm shift 
(3/15)

Resistance more 
significant for rail 
infrastructure than 
buildings (8/15)

Scale of rail 
infrastructure a 

contributory factor, 
as it amplifies 

potential mistakes

Building sector seen 
as more dynamic 
and competitive

(5/15)

Input from various 
sources in building 

sector, e.g., 
architects, helps

(2/15)

Both sectors similar 
(5/15) and 

construction sector 
generally bad at 

innovation (2/15)

Associated with 
asset stewardship, 

i.e., long term 
interest compared to 
commercial building 

clients (2/15)

Greater influence 
than multiple smaller 

building clients
(5/15)

Regulation forces 
the supply chain to 

act (6/15)

Client leadership in 
a different form

(3/15)

Material 
specification (6/15)

Targets for 
secondary content 

(2/15)

Targets highest-rated 
technical enabler 

(55% rated major)

Simple, clear, 
practical (7/15)

Whole life cycle
(5/15) Consistent across 

projects and 
organizations (3/15)

Purpose of 
framework part 

visionary, process 
and assessment-

related (6/15)

Flow chart most 
common structure 

(5/15)

Adaptable to 
different situations 

(7/15)

Widely applicable 
(5/15)

Asset, materials or 
both (8/15)

Cover all three 
aspects as 

interlinked or 
interchangeable

(4/15)

Items with most 
impact (6/15)

Items frequently 
replaced (2/15)

Industry-wide 
framework (10/15)

Client and supply 
chain (7/15), also 

seen as key 
stakeholders for 

development (9/15)

Bottom-up approach 
(3/15)

Reduces waste on 
site

Free text comments 
included targets for 
recycled material 

and avoiding waste, 
with incentives and 
penalties if not met

Free text comments 
highlighted recovery 
and reuse hampered 
by lack of warranties 

or insurance, but 
enabled by 

sustainability 
certifications

Assurance schemes 
for reused/secondary 

materials rated 
highest business 

enabler (55% major)

Previous bad 
experiences with 

public-private 
partnerships

Lack of awareness, 
not done well (3/15), 
few clients consider 

it (2/15) and 
confusion (6/15)

(WRAP, 2010, p. 8) “the biggest 
opportunities to reduce [waste] occur 
through decisions made at the design 

stage, as these determine the approach 
that will be adopted at the construction 

stage” “the advantages of integrated 
project teams, with early contractor 

involvement, will help in identifying the 
areas where waste is likely to be 

generated and the design decisions that 
can reduce this” (p. 42)(Arup, 2016, p. 51) “decisions 

must be taken early in the 
design process to ensure 
circularity is integrated 

throughout the lifecycle of an 
infrastructure asset. 

Coordination and collaboration 
are essential to achieving this”

(Leendertse, et al., 2018, p. 8) 
“involve the supply chain 

parties right from the beginning 
of the design … involve the 

client in an early stage”

(WRAP, 2010, p. 50) “it is 
important [the designing out 

waste principles] are built into 
the client’s brief”

(WRAP, 2010, p. 9) 
“in general, 

techniques that 
reduce waste will also 

reduce the carbon 
impact”

(Pomponi & Moncaster, 2019, p. 112) 
“value optimisation principle … 
problematic for buildings, partly 

because their highest value is often the 
land that they sit on rather than their 

material form … product life extension 
… example is of little use in practice 
since most buildings in the UK and 
worldwide are demolished for non-

technical reasons”
(Cheshire, 2016, p. 19) 

“commercial buildings are 
often refurbished or 

demolished before their 
structure and fabric fails. The 

reasons for demolition are more 
likely to be related to changing 

land values…”

(Hart, et al., 2019, p. 620) “in the 
built environment, stated enablers 

such as ‘alternative ownership 
models including leasing and 

performance models’ … are not 
always backed up with evidence 

of benefit. The ‘pay-per-lux’ 
model for lighting is often cited in 

this respect”

(Adams, et al., 2017a, p. 15) “much of the recent 
thinking on circular economy has been on short 

and medium-lived consumer products … there is 
limited research and wide-scale practical 

applications … in the modern built environment 
at the product and component level” “questioned 

the value of these business models, especially 
for longer lived products … risk of changing 

practices … time and cost implications” (p. 20)

(Leendertse, et al., 
2018, p. 8) “CE is 

strongly intertwined 
with objectives for 

CO2 reduction”

(Al Hosni, et al., 2020, p. 111) 
“government has the first role 

to initiate the transition towards 
CE within the built 

environment in Oman by 
establishing a clear long-term 

vision and implementing 
regulations and standards”

(Adams, et al., 2017b, p. 118) 
“clients have a pivotal role in 
addressing [challenges] and 

driving the shift towards circular 
economy from project inception to 

completion”

(Adams, et al., 2017b, p. 118) 
“clients can progress a number 

of enabling factors for the 
uptake of circular economy ... 
establishing a clear vision” “ 
this was not raised as an issue 

by clients” (p. 119)

(Adams, et al., 2017b, p. 118) “clients can 
progress a number of enabling factors for 
the uptake of circular economy, including 

the implementation of innovative 
business models, whole life thinking”

(Adams, et al., 2017b, p. 119) 
“most important [critical success 

factor] was the need for a 
government mandate in the form 
of legislation or policy to act as a 

driver for circular economy … 
this would likely be a long term 

ambition”

(Adams, et al., 2017a, p. 21) 
“cost and associated profit was 
seen to be the dominant factor 

in any decision-making process 
which can be compounded by 

the short-termism of many 
clients”

(Arup, 2016, p. 77) “multiple 
stakeholders and long lead times also 

mean there is rarely continuity of 
ownership and control. Actors in the 
early stages of development ... are 
rarely held fully accountable for 

outcomes further down the chain, such 
as the operation or end-of-life of an 

asset”

(Pomponi & Moncaster, 2019, p. 112) 
“the multiple stakeholders involved in 
the building design, manufacture and 

construction are highly unlikely still to 
be involved by the end of life. The 
clients for the construction of the 

building are frequently different from 
the owners and occupiers throughout 

the lifetime of the building”

(Hart, et al., 2019, p. 621) “lack of 
collaboration between business 

functions ... is commonly known as 
a silo mentality, and concerns the 

inability of functions within a 
business … to work together and 
transparently around a common 

goal”

(Adams, et al., 2017a, p. 21) “lack 
of holistic approach and the ‘silo’ 
approach of undertaking design, 

construction, facility management 
and end-of-life activities are the key 

challenges”

(Adams, et al., 2017b, p. 
119) “key issue for client 

was the requirement for any 
circular economy solution 

not to impact on cost … this 
is where whole life value 
needs to be considered”

(Tingley, et al., 2018, p. 265) “the 
adoption of circular economic design 

approaches that facilitate longer 
building lifetimes, greater 

component and material reuse can 
reduce the input flow of embodied 

emissions and ensure already 
expended embodied carbon remains 

in stock”

(Cheshire, 2016, p. 17) “buildings are not 
consumer products and they are not 

‘manufactured’ in the same way as other 
products. This makes it more difficult to 
see how the circular economy model can 

be applied to buildings and the 
construction industry, with its complex 

and fragmented supply chain, long 
lifetimes and complete disconnect between 

construction and demolition”

(Rose & Stegemann, 2018, p. 4) 
“circular economy models are yet 
to reach widespread application 
beyond specific components that 

are easily removed and need 
frequent replacement, such as 

lighting … and carpet tiles

(Campbell, 2019, p. 145) 
“improving production 

efficiency through digital 
or off-site manufacturing 
methods to avoid waste”

(Hopkinson, et al., 2019, p. 122) 
“in contrast [to generic 

reinforced] it is possible to 
reclaim RC structural elements 

from prefabricated concrete 
structures because the 

prefabricated elements were 
assembled together in the first 

cycle of construction”

(Leendertse, et al., 2018, p. 5) “a design 
consisting of replicable modules can lead 

to easier maintenance and is more 
adaptive” “a solution for deconstruction 
might be modular (prefab) construction 

with ‘smart’ demountable connections” (p. 
6) “the potential for reuse can be 

maximised by standardization of modules” 
(p. 8)

(WRAP, 2010, p. 24) 
“under the waste 

hierarchy ... actions 
under reuse and 

recycling of materials 
on site should be 
considered first”

(Fenner & Ainger, 2020, 
p. 70) “the design phase 

offering the most potential 
for sustainability gains”

(Fenner & Ainger, 2020, 
p. 74) “the preferred 

option is first to manage 
demand and the last resort 

is build a large project”

(WRAP, 2010, p. 24) “design for reuse 
and recovery … it is impossible to 
eliminate the import of materials 
completely … for these elements, 

however, gains in material resource 
efficiency can be made by using materials 

with high recycled content” “design for 
waste efficient procurement … including 

commitments to reducing waste in 
contracts throughout the supply chain, 

including those for designers … 
appropriate KPIs and targets for waste can 

also be included in contracts” (p. 42)

(Hart, et al., 2019, p. 622) 
“leadership is seen as key to 

delivery of CE … there is some 
confusion about who should lead 

(e.g., contractors, investors, 
construction clients)”

(Arup, 2018, p. 14) “policymakers also 
suggested leadership from influential 

industry stakeholders as a way to drive the 
agenda politically and publicly” “a first 

step for construction clients is to bring all 
stakeholders together in partnerships … 

construction clients can show leadership in 
this respect by setting new expectations for 

circular procurement and clearly 
communicating these to the supply chain” 

(p. 18)

(Arup, 2016, p. 59) “public 
procurement regulations … 

greening of specific 
procurement groups to fulfil 

criteria including 
recyclability, chemical use, 

and product lifespan”

(Arup, 2018, p. 14) “policy 
changes to support a circular 

economy transition … the 
specification of more 

circular public procurement 
measures

(Adams, et al., 2017a, 
p. 18) “green public 

procurement 
requirements were also 

seen as an important 
enabler”

(Tingley, et al., 2017, p. 650) “central 
government could also catalyse demand 
through public sector procurement rules, 

specifying a percentage mass of all 
steelwork to be reused” “there is a role 

for government … to show leadership … 
by encouraging pre-demolition audits 

and deconstruction, and through public 
procurement” (p. 651)

(Arup, 2016, p. 36) “a lifecycle 
approach to asset management and 
a focus on operational expenditure 

over capital expenditure”

(Arup, 2018, p. 17) “the future … new 
investment models … high operational cost 
… buildings attract lower valuations than 

cheaper-to-run … alternatives … buildings 
designed to stay at a high value over time 
depreciate more slowly, maintaining value 

on balance sheets for longer. Investors 
make decisions based on total expenditure”

(Arup. 2017, p. 25) “assets 
need to be viewed with a great 

focus on operational 
expenditures … instead of 

capital expenditures”
(Arup, 2016, p. 27) “off-site construction 
and modular components reduce waste 

produced on site … standardised 
components manufactured off-site to 
higher quality control standards can 

minimise the risk of structural faults and 
reduce long-term maintenance 

requirements” “enable reuse and 
repurposing” (p. 28)

(Arup, 2018, p. 8) 
“techniques such as modular 
construction minimise waste 

generation during 
construction and 

deconstruction stages”

(Arup, 2017, p. 44) “significant 
amount of material delivered to 

construction. This waste of 
material could be avoided 

considering prefabrication”

(Adams, et al., 2017a, 
p. 20) “insurance and 

warranty issues of using 
reused materials, 

especially in a structural 
capacity”

(UKGBC, 2019, p. 41) “too 
much risk as the supplier may 
go out of business … risk of 

early engagement and ‘lock-in’ 
to specific manufacturers … 
leasing model is relatively 

immature which poses 
additional risk”

(Arup, 2016, p. 41) “Philips’ 
‘pay per lux’ solution 

provides lighting as a service 
for Schiphol airport on a 

lease basis”

(UKGBC, 2019, p. 17) “designing for 
longevity is important for all eventualities” 
“’generous proportions and readiness for 
alternative technologies … maximise the 

durability and service life of building 
elements and services in relation to their 

replacement cycle” (p. 30) “could increase 
the capital expenditure … during the 

design phase to evaluate different options, 
higher material quantity ... and a more 

limited selection of durable and resilient 
products” (p.31)

(Anastasiades, et al., 2020, p. 6) 
“implementing [design for 

adaptability] will not be that 
straight-forward. The primary 

use of a bridge is to be a 
connection between two points 
… this use will only very rarely 

change over time”

(Adams, et al., 2017a, p. 
20) “uncertainty 

surrounding long-term user 
needs, with adaptability 

and flexibility being 
important aspects”

(Cheshire, 2016, p. 22) “if buildings 
are designed to be permanent, then 

they have to be of a very high 
quality and be greatly valued by 

future generations to survive” “build 
quality can be an important way to 
retain value as poor build quality 

will build up the cost of adaptation, 
making it more likely that buildings 

will be demolished” (p. 23)

(Arup, 2016, p. 27) “designing for 
longevity ensures the long-term 

durability, utilisation and value of 
assets. Durable materials and robust 
construction standards can reduce 
maintenance costs and extend the 

economic viability … standardised 
components manufactured off-site to 

higher quality control standards”

(Mantalovas, et al., 2020, p. 6) 
“similarities that exist between 

buildings and roads … durability 
depends on better design, 
improved performance of 
construction products and 

information sharing”

(UKGBC, 2019, p. 54) 
“designing for adaptability 

and flexibility ensures 
buildings cam survive 

changing markets”

(WRAP, 2010, p. 34) “designers need to consider 
how materials can be recovered effectively during 

the life of the building when maintenance and 
refurbishment is undertaken or when the building 
comes to the end of its life … the principle is also 
relevant for civil engineering projects, although 
with a slightly different focus” “in some cases, it 
may be known at the outset that future expansion 

is likely .. design should anticipate the future 
expansion, both by incorporating measures to 
make it easier, and by avoiding anything that 

would make it difficult” (p. 44)
(Arup, 2017, p. 44) 

“flexibility vs durability … 
durable buildings are built 

to last, whereas flexible 
buildings in a circular 

economy would allow for 
disassembly and reuse”

(Cheshire, 2016, p. 42) “the 
greenest building is the one 
already built” (attributed to 

architect Carl Elefante)

(WRAP, 2010, p. 36) 
“potential to 

considerably reduce 
waste on site”

(UKGBC, 2019,p. 23) 
“explore options to extend 
life as part of the feasibility 

study ... consider 
replacement scenarios, the 

impact on maintenance 
programme and whole life 

costing”

(Arup, 2018, p. 18) 
“the future … in our 

vision, whole-life 
value is used to assess 
design decisions on all 

projects”

(Arup, 2017, p. 2) 
“demonstrate an 

economic business 
case for adopting 
[circular business 

models]”

(Tingley, et al., 2018, p. 281) “a move to 
measuring whole life costs will also yield 

reductions, as the approach [design for 
deconstruction and material reuse] maintains the 

value of future material assets” “benefits of 
design for adaptability will also be seen over 

longer, whole life cycle, time periods” (p. 282) 
“a move to whole life costing will help a great 

number of projects to see the economic benefits 
of these strategies” (p. 283)

(UKGBC, 2019, p. 22) 
“ensure a presumption 
in favour of retaining 
most, if not all, of the 

asset … based on whole 
life cost”

(WRAP, 2010, p. 38) 
“minimises closure or 

disruption of the road or 
railway ... the existing 
structure can then be 

demolished or dismantled 
more efficiently, allowing 

greater recovery and reuse of 
material for future projects”

(Arup, 2018, p. 23) 
“[modular construction] 

improves quality as much of 
the work is completed in 

factory conditions … 
potential to considerably 

reduce cost, time on site and 
waste generated”

(Cheshire, 2016, p. 117) “engaging with 
the supply chain at the back end of the 

design process, once all the main 
decisions have been made, sounds 

wrong … engaging and partnering with 
the supply chain is standard practice in 

other industries and leads to strong, 
trusting relationships and creates the 

space to innovate”

(Lippitt, et al., 2019, p. 69) “HS2 
adopted a designing-out-waste 

approach early in the 
development … built around the 
concept of resource-efficiency 
workshops” “achieved a cut/fill 
balance that reused over 86% of 
the excavated material” (p. 70) (UKGBC, 2019, p. 45) “use of 

recycled content and secondary 
aggregates … avoid the use of 
virgin materials and enable the 

use of waste by-products … 
reduce embodied carbon … 

contribute towards sustainability 
benchmarking schemes”

(Ayati, et al., 2018, p. 124) “use 
of waste clay generated by major 

infrastructure development 
projects to make lightweight 

aggregate has a positive 
environmental impact and 
contributes towards a more 

circular economy”

(Zhou, et al., 2017, p. 1180) “clay can 
be calcined to form a technically 

viable supplementary cementitious 
material and use of this in concrete 

would enable major civil 
infrastructure projects to contribute to 

a circular economy”

(Pomponi & Moncaster, 2017, p. 710) 
“interdisciplinary … bottom-up and top-

down initiatives” “evidence from practical 
examples have indeed shown that the 

greatest challenges ahead lie not in further 
technical innovation but rather in the role of 
people, both as individuals and as a society” 

(p. 717)

(Ness & Xing, 2017, p. 584) 
“mechanism for extending CE 

principles to the built 
environment … synergistic, 
integrated … solutions that 

address multiple problems at the 
same time”

(Leising, et al., 2018, p. 977) “for 
supply chain collaboration” “tool 

takes the perspective of the 
initiating party (i.e., clients that 

might also be end users)” (p. 
984) “involving stakeholders 

with relevant knowledge to refine 
the client’s vision and ambition 

together” (p. 985)

(Coenen, et al., 2020, p. 1) 
“a framework for identifying 

critical interfaces between 
the circular economy and 

stakeholders in the lifecycle 
of infrastructure assets”

(Arup, 2016, p. 77) “[embedding 
circular economy principles] 

requires a collaborative approach to 
the development of industry-

specific frameworks and principles, 
a shared vision and roadmap, and 

stakeholder engagement across the 
value chain”

(Arup, 2017, p. 43) “the construction industry 
works in silos, with each stakeholder 

pursuing their own interests rather than 
working collaboratively … if … the 

developer were to maintain ownership of the 
material in the building, there would be a 

greater incentive to consider the longer term 
… the reverse is generally true for 

infrastructure projects, whereby the client 
generally holds on to the asset for long 

periods of time”

(EMF, 2015b, p. 112) “the 
European construction sector is 
fragmented, with many small 

firms, low labour productivity, and 
limited vertical integration along 

the value chain”

(EMF, 2015b, p. 114) “industrial, off-
site production of modules for on-site 

assembly, coupled with increased 
coordination of all stakeholders in the 

construction value chain, might 
greatly reduce today’s construction 
waste and speed up the construction 

process”

(Ness, 2008, p. 296) “growth of 
public-private partnerships and 

build-own-operate (and transfer) 
schemes, where private sector 

service providers are engaged to 
construct as well as manage 

infrastructure. Hitherto, the link has 
not been made between such 
schemes and [product service 

systems]”

(Al Hosni, et al., 2020, p. 
111) “most of the 

interviewees would find 
adopting such models 

difficult due to a lack of 
understanding”

(EMF, 2015a, p. 83) “the sector 
tends to be conservative and 

cautious about new technologies, 
perhaps because of builders’ long-
term legal responsibility in many 

countries”

(Anastasiades, et al., 2020, p. 7) 
“green public procurement … 

public authorities as major 
consumers are encouraged to … 

procure goods, services and 
works with a reduced 
environmental impact 

throughout their life cycle”

(EMF, 2015b, p. 115) “many 
players in the construction 

industry are unwilling to change 
long-established operational 
practices … the construction 

industry is particularly bound by 
more traditional practices” “strong 

safety concerns and a tightly 
regulated sector” (p. 117)

(EMF, 2015a, p. 83) “the 
construction sector is highly 

fragmented and relies heavily on 
local (and sometimes informal) 

markets”

(Anastasiades, 2019, p. 6) “there seems to 
be little interest in general to adopt the CE 
across the construction industry and adapt 
the construction supply chain accordingly 

… this indicates that the construction 
sector somehow seems to be opposed to 

the changes that need to be made to 
become really sustainable … this is where 

... politics, should take the lead through 
legislation and well-oriented incentives”

(Dainty & Brooke, 2004, p. 20) “a 
degree of material loss is however, 
all too often seen as an inevitable 
by-product of major construction 
projects” “widely held perception 
that waste is inevitable” (p. 28)

(Osmani, et al., 2006, 
p. 65) “waste accepted 

as inevitable”

(Allwood, et al., 2012, 
p. 199) “it seems that 

current yield losses are 
as much a function of 

habit as necessity”

(UKGBC, 2019, p. 17) “changes 
in a building’s actual life can 
result from varying external 

factors such as shifting planning 
policy, increases in land value, 
changes in market demand or 

technological advances”

(EMF, 2015b, p. 117) 
“long-lived construction 

objects, meaning that those 
facing demolition or 

renovation today were not 
designed with reuse of 

materials or components in 
mind”

(Adams, et al., 2017a, p. 20) “there 
is a technical challenge of how a 

component designed 150 years ago 
can be envisaged to be reused”

(Al Hosni, et al., 2020, p. 
107) “short-term vision and 

limited consideration for 
buildings at the end of life”

(UKGBC, 2019, p. 48) 
“may be difficult to 

encourage team members 
… to incorporate a strategy 

which will see its main 
benefits in the future”

(BSI, 2017, p. 
49) “lighting 
(pay per lux)”

(Arup, 2017, p. 22) 
“product as a service ... 

applies most obviously to 
mechanical plant, lighting, 
and fit out” “sell or lease 

carpets” (p. 27)

(Leising, et al., 2018, p. 
977) “visions of the 

future are important in 
transition studies” 

“pursue a collaborative 
process” (p. 986)

(Leising, et al., 2018, p. 985) 
“clients have a key role in 

redefining their requirements 
based on needs instead of specified 

requirements”

(Guerra & Leite, 2021, 
p. 10) “the client and 
the budget ... are the 

main drivers [for 
guiding the adoption of 

circular strategies]”

(Guerra & Leite, 2021, 
p. 10) “resistance to 
change is a common 
characteristic of the 

construction industry”

(Guerra & Leite, 2021, p. 
10) “with a few 

exceptions (e.g., the lease 
of carpets and lighting in 
commercial buildings)”

(Guerra & Leite, 2021, p. 
11) “need for a cultural 
change and a shift from 

short-term thinking to long-
term thinking when it 

comes to natural resources”

(Minunno, et al., 2018, p. 
1) “prefabricated 

buildings are key to 
material savings, waste 

reduction, reuse of 
components”

(Minunno, et al., 2018, 
p. 9) “guidelines which 
can be used in either a 
top-down or bottom-up 
management approach”

(Adams, et al., 2017a, p. 21) 
“the development of a 

decision-making framework 
across a building’s lifecycle 

was viewed as the most 
important business enabler for 
clients ... designers ... and for 
researchers and consultants”

(Leising, et al., 2018, p. 977) 
“a lifecycle approach that 
optimizes the buildings’ 

useful lifetime, integrating 
the end-of-life phase in the 

design”

(Rose & Stegemann, 2018, pp. 
13-14) “legislative change … 

requiring an audit for all projects 
with significant strip-out or 

demolition would create a far 
larger variety and quantity of 

available components”

(Guerra & Leite, 2021, p. 11) 
“regulations ... to enforce 

sustainable practices in small 
or medium projects in which 
the owner is not making any 

stringent requirements”

(EMF, 2015b, p. 120) 
“adjusting public 

procurement practices … 
use of recycled or reused 

materials and components”

(Leendertse, et al., 2018, p. 8) “involve the 
client in an early stage and ensure that he 
or she is willing to incorporate (parts of) 

the circular design in the realization of the 
project … importance of support and 

willingness from the involved 
organizations and the client”

(Charlson & 
Dunwoody, 2018, p. 

118) “client-led 
initiative to which the 

supply chain can 
respond”

(BSI, 2017, p. 32) “flexible 
framework … within an 

organisation” “road map” 
(p. 33) “through process, 
product/service and/or 

business model innovation” 
(p. 37)

(Guerra & Leite, 2021, 
p. 12) “multi-

stakeholder engagement 
would facilitate 
developing a CE 

roadmap”

(Giezen, 2018, p. 1) 
“circularity requires a 

restructuring of 
infrastructure governance”

(Arup, 2018) “legal and procedural 
complications associated with 

taking new approach act as a barrier 
… this is evident in highly 

regulated sectors like infrastructure, 
where the regulatory environment 
precludes a move away from the 
linear mindset by limiting clients’ 

influence over contractual processes 
and financing models”


