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Abstract

The construction sector is progressively becoming more circular by reducing waste, re-using building materials and adopt-
ing regenerative solutions for energy production and biodiversity protection. The implications of circularity on construction
activities are complex and require the careful evaluation of impacts to select the appropriate path forward. Evaluations of
circular solutions and their environmental effectiveness are often performed based on various types of life cycle-based impact
assessments. This paper uses systemic thinking to map and evaluate different impact assessment methodologies and their
implications for a shift to more circular solutions. The following systemic levels are used to group the methodologies: product
(material life cycle declarations and building assessments), organisation (certification and management schemes) and system
(policies, standards and regulations). The results confirm that circular economy is integrated at all levels. However, develop-
ment and structure are not coordinated or governed unidirectionally, but rather occur simultaneously at different levels. This
recursive structure is positive if the methods are applied in the correct context, thus providing both autonomy and cohesion
in decision making. Methods at lower systemic levels may then improve production processes and stimulate the market to
create circular and innovative building solutions, whereas methods at higher systemic levels can be used, for example, by
real estate builders, trade organisations and governments to create incentives for circular development and innovation in a
broader perspective. Use of the performance methods correctly within an actor network is therefore crucial for successful
and effective implementation of circular economy in the construction sector.
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1 Introduction

Circular economy (CE) is becoming well known as a key
concept for managing natural and technical resources
towards a more sustainable society (Geissdoerfer et al.
2017). The construction sector is a resource intensive sec-
tor where the shift from linear to circular thinking may be
important to reduce impacts and save resources worldwide
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(Eberhardt et al. 2020). In addition, the built environment
has multiple functions of importance for many different peo-
ple and should function over many years, even for decades.
Choices made in this sector today are therefore likely to
have widespread societal impacts for the foreseeable future.

Life cycle assessments (LCA) are often used to evaluate
the environmental performance of circular solutions. Gal-
lego-Schmid et al. (2020) point to the potential for emission
reduction of 30-50% by closing resource loops, but conclude
that systemic oriented barriers and lack of understanding
hamper the realisation of this reduction in practice. Gérecki
et al. (2019) adds to the discussion by calling for a better
understanding of CE horizontally, across topics and involved
sectors, and vertically, from individual projects to interna-
tional bodies.

The aim of this paper is therefore to better understand
systemic enablers and constraints for CE implementation
in the construction sector by focusing on environmental
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performance assessment methods. First, we investigate life
cycle-based impact assessments for CE and present them
across a model of systemic levels. The result is then used to
discuss the interactions between the levels. Finally, we rec-
ommend how systemic and holistic thinking can aid strategy
development for more effective implementation of CE in the
construction sector.

2 Theory and methods
2.1 Circular aspects for the construction sector

The construction industry and built environment place sig-
nificant pressure on the environment by being the largest
consumers of natural resources, and use alone over a third
of the energy produced annually worldwide (Munaro et al.
2020). In addition, the rising rate of urbanisation has an
increasingly negative impact on biodiversity around the
globe (McDonald et al. 2008). There is therefore a strong
and evident need to reduce this impact by moving away
from linear consumption patterns into more circular solu-
tions, thus reducing the footprint of the built environment
(Arora et al. 2020).

MacArthur (2013) defines three main principles relevant
for circularity, and applicable to the construction sector,
Fig. 1. Designing out waste and pollution, entails focussing
on the embedded emissions from materials and resources
connected to the building. Through design and careful
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consideration of the materials used, less resource intensive
construction methods and re-use of the subsequent waste
from building demolition, can reduce lifetime greenhouse
gas (GHG) emissions. Hazardous chemicals in selected
materials can be avoided, thus increasing the performance of
the building and possibilities of further reuse. The principle
of keeping products and materials in use is widely discussed
in building design since there is substantial variation in the
replacement rates of building components during use (Brand
1995), and since many building components have a lifetime
expectancy that exceeds the lifetime of the building. For
example, Munaro et al. (2020) found that approximately 40%
of all literature about CE and the built environment deals
with the reuse and recycling of materials. Circularity is also
about the regeneration of natural systems. For a building,
this means finding out how to minimise the use of external
resources, such as energy and water, or even how to become
a net producer of energy through localised energy produc-
tion. It is also linked to protecting biodiversity by using sur-
roundings or roof spaces for natural vegetation and storm-
water management. In addition, by avoiding settlements in
vulnerable areas and by using renewable and sustainable
materials, pressure on natural systems can be reduced.

2.2 Systemic levels of environmental performance
Circularity in the construction sector involves many differ-

ent topics for consideration including energy sources and
associated performance, product and material impact and
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Fig. 1 Focus areas for circular economy in the construction sector. Adopted from principles described in MacArthur (2013). Pictures from the
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even the influence of nature conservation efforts. This multi-
disciplinarity is challenging and requires environmental
performance tools with the ability to analyse environmen-
tal aspects and impacts during the lifetime of the building
solution and that capture their contribution across different
impact categories.

There are many LCA-based tools for analysing environ-
mental performance in the building life cycle that can be
applied at various stages of the building construction pro-
cess. Use of these tools then provides valuable empirical
results to improve circularity within the value-chain of the
procurer and suppliers. In this paper, however, it is more
valuable to investigate the role of these methods in differ-
ent systemic dimensions than to investigate the performance
itself.

According to Fet and Knudson (2021), tools for sys-
tematic implementation of sustainable solutions can be
organized in a stepwise progression through four levels: (1)
process improvement, (2) product improvement, (3) organi-
sational improvement, and (4) (societal) system improve-
ment. The methods may be separated across two dimensions;
(1) in terms of the comprehensiveness of performance, and
(i1) by the scope as defined by the complexity of impact.
How one defines the content of each level depends on the
point of entry, i.e., from which perspective one views the
systemic levels.

Figure 2, shows how the model can be adapted to the
construction sector with the most important assessment
methods indicated at each level. Here, the point of entry
is the building, seen itself as a product and placed in an
organisational context. Each subsequent level is then
defined according to this approach. From this perspective,
we disregard the process level from the original model

Fig.2 Systematic change A
towards circular economy for
the construction sector at dif-
ferent systemic levels. Adapted
from Fet and Knudson (2021)
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and assume that process improvements and related impact
assessment methods are included as part of the suppliers’
work to improve their products.

In the adapted model, the initial, product level connects
to resource performance of the components of the building
and the performance of the building itself. We therefore
divide this level into two sub-levels: (a) building compo-
nents and (b) the building itself.

For building components (level 2a), using materials
with a high degree of recycled materials and produced
without polluting materials ensures higher potential for
circularity. The technical capacity and lifetime expectancy
are also important considerations to keep products and
materials in use for as long as possible.

The building itself (level 2b) logically connects to the
circularity of the whole building. In this case, it is not
only the embodied emissions from products and materials
that count, but also the operational emissions and end of
life that must be considered. In addition, building loca-
tion affects travel patterns of residents and users of the
building, thus causing emissions from the transportation
of people, goods and services to the building. Since the
lifetime of a building is long, ensuring circularity from
the building perspective may require further optimisation
between construction (including maintenance and renova-
tion) and operational emissions.

The construction phase is typically divided between the
two sub-levels. The impacts of the transportation of raw
materials to the production site are often linked to the
building components, and similarly with the transportation
of products to the supplier. Impacts of transportation to
the construction site and the resources associated with the
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construction of the building, on the other hand, are often
connected to the building itself.

According to the framework, the organisation level (level
3) relates to alignment across construction projects in a geo-
graphical or organisational context. Examples are the stra-
tegic decision making to follow certain protocols or certi-
fication arrangements that ensure buildings are constructed
according to organisational objectives. This may create new
internal markets based on altered requirements for construc-
tion activities, or result in new circular solutions, thus affect-
ing the whole supply chain. However, this level also refers to
the strategic decisions made by the entrepreneurs in the early
design phase of new buildings and construction projects and
the development of new or innovative circular concepts.

Finally, the system level (level 4) relates to larger initia-
tives, either cascading from pan-national regulations, such
as EU regulations, national regulations and standards, or
from various voluntary initiatives at the national or regional
level, such as the development of the European framework
for sustainable systems (EU 2020). Circularity in the system
dimension has a broader impact than at other levels, as it
allows for longer term predictability, thus creating the foun-
dation for a circular market that may compete financially
with established linear solutions.

2.3 Research methodology

Drawing on a systems and cybernetics approach, particu-
larly the Viable System Model (VSM) by Beer (1972,
1995) and its application to sustainability as presented in
Espinosa et al. (2008) and on actor-network theory (Latour
1987; Muniesa 2015) we analyse the main impact assess-
ment methods used in the construction industry to achieve
circular solutions. First, the impact assessment methods
are selected and organised according to the systemic level
model proposed by Fet and Knudson (2021), and possible
enablers and constraints for CE at each level are discussed.
Next, possible interactions between the systemic levels are
analysed and discussed from a VSM perspective. Finally,

these impacts and connections are considered in relation to
their impact on management applications. Further research
needs are also identified.

3 Results and discussion
3.1 Identification and organisation of methods

Requirements for CE solutions and the assessments of their
environmental effectiveness are often based on the same
foundation, i.e. the construction life cycle of the building. As
summarised in Table 1, assessments are in practice tailored
to the appropriate systemic level where they can act as both
enablers and constraints for CE depending on the context.
For product (building component) impact assessments,
the use of environmental product declarations (EPD) has
gained popularity and EPDs are now widely available for
most products and materials in the construction sector
(Andersen et al. 2019; Burke et al. 2018; Passer et al. 2015).
According to Fet et al. (2008) the purpose of an EPD is to
create a standardised life cycle impact footprint of differ-
ent product categories. The use of EPDs is transparent and
allows the procurer to access information about the environ-
mental impact of a material, product or service to be able to
make well-informed decisions. An EPD does not evaluate,
judge, or rate the products, but provides transparent informa-
tion on the environmental impact. This makes it possible for
the user of the EPD to make decisions in the relevant build-
ing context, and for the builder to select materials and prod-
ucts with the lowest environmental impact. Suppliers will
thus be encouraged to use more recycled materials to reduce
environmental impact, but also to improve their production
processes through cleaner production technologies, lower
energy use and the selection of more sustainable transporta-
tion services. In the long run this will enhance circularity.
Comparisons should however be made carefully since not all
life cycle stages are treated equally (Durdo et al. 2020). This
may result in a bias towards materials and products with low

Table 1 Overview of methodology for environmental impact assessments at different systemic levels and the possible enablers and constraints

for circular solutions

Level Methodology

Possibly enabling

Possibly constraining

Product (building components) Material life cycle declarations

Product (building itself) Building life cycle assessments

Organisational Building certification schemes and

environmental management

System Policies, standards and legislations

Better performance at supplier
level and product improvements

Circular building design and solu-
tions

Higher built environment standard
and better organisational perfor-
mance

Broad scale systemic change

The ability to compare impacts
across areas and life cycle stages
Enhanced efficiency due to case-to-
case based solutions

Unidirectional effect due to volun-
tariness and user driven ambition
levels

Voluntary initiatives for innovative
solutions
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emissions in the production stage without placing enough
focus on the impact created in the use or end of life stages.

If we move from the analysis of each building compo-
nent, or each subsystem, to the actual product in terms of
the building, the scope becomes more comprehensive. There
may be several pathways to increase circularity and there are
trade-offs between different implementation areas. Accord-
ing to Arora et al. (2020) and Eberhardt et al. (2019), re-use
of building materials will reduce environmental life cycle
impacts from the building perspective, but the wider effect
depends on the design choices and local conditions that will
produce varied results (Benachio et al. 2020). For example,
extensive refurbishment to enhance energy performance may
be counterproductive due to the technical lifetime of build-
ing materials, especially if renewable energy is used. Other
circular topics that can be compared at the building level are
the creation of multipurpose buildings to reduce the need for
new construction projects, and the utilisation of surround-
ings for biodiversity or enhancing regenerative solutions
for technical installations. LCA or GHG calculations at this
level quickly become cumbersome and data intense, and thus
create a need for digitised interactive solutions to standardise
the calculations (Petrovic et al. 2019). However, since circu-
lar solutions on the building level are primarily developed
from case to case, enhancing efficiency is difficult, making
solutions more costly and difficult to reproduce.

The need for streamlining and related impact methods
at the organisational level is therefore widely discussed
in literature (Eberhardt et al. 2020; Gallego-Schmid et al.
2020; Lopez Ruiz et al. 2020). Even though assessments of
life cycle impacts can be conducted from an organisational
perspective (Martinez-Blanco and Finkbeiner 2018), it is
more common to use functional or organisational targets
provided in certifiable management systems to define the
performance level of circular solutions. In building certifica-
tion schemes (e.g., LEED, BREEAM or similar), the pro-
posed project is scored against specific predefined targets
covering a variety of topics valid for the construction and
use phases of the building. Building certification includes
a broad sustainability perspective, and typical circularity
themes such as energy, material use and water efficiency
are normally focused on heavily in the targets (Awadh 2017).
Introduction of environmental management (EM) will there-
fore require the organisation to identify significant environ-
mental aspects and to set objectives and targets accordingly.
For a real estate builder, this will most certainly involve
objectives to improve circularity (Brem et al. 2020). Even
though building certification and certified EM provide pos-
sibilities to benchmark environmental status at the organi-
sational level (Cole and Valdebenito 2013), these systems
are still voluntary and allow the user to set sometimes low
ambitions for performance. In addition, the various schemes
emphasise sustainability aspects differently, and the content
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and weighting are not unified or coordinated in their devel-
opment (Mattoni et al. 2018).

Finally, at the system level we have a broad variety of
policy, standards and regulation with expected systemic
effects. The various EU policies on resource policy direct
the construction sector towards circularity but depend on
national instruments, standards and priorities to be effec-
tive (Domenech and Bahn-Walkowiak 2019). Energy, nature
conservation and technical design are often well described in
regulatory frameworks and have been part of CE for the built
environment for a long time (Mulhall and Braungart 2010).
More innovative activities, such as the introduction of emis-
sion free construction sites, are difficult to regulate without
being successfully demonstrated at the lower building level
(Fufa et al. 2018). In this case, developments based on vol-
untary organisational commitments can be more effective
enablers. The example of emission free construction sites
is to a significant extent the result of such an organisational
white paper developed by the Norwegian Government for
the construction sector, pushing the market for innovation.

3.2 Systemic interactions

By examining the different impact methods from a systemic
perspective, we confirm the model by Fet and Knudson
(2021) and show the relation between product (building
components and the building itself), organisational and
system levels for the development of circular solutions. We
further see that CE is integrated at all levels, but that devel-
opment has been far from coordinated or governed from an
overarching perspective. It has been natural to look at prod-
ucts and the improvement of manufacturing processes first
(Kjaerheim 2005), since product LCA, based on attributional
LCA, has been around for decades (Bjgrn et al. 2018). LCA
on the building level and building certification schemes have
been in use since the 1990's, but have recently increased in
popularity, in connection with legislation, white papers and
innovative strategies on the strategic level (Brem et al. 2020;
Ismaeel 2019; Shan and Hwang 2018). In the Nordic coun-
tries, legislation is presently expanding from covering only
energy requirements in the use phase, to all GHG emissions
from the life cycle perspective (Kuittinen and Hékkinen
2020; Moschetti et al. 2019).

In the sense that methodology on the system level directly
affects how methods on the lower levels are used, we see
no unidirectional response. Instead, development of meth-
ods occurs simultaneously, which may be both positive and
negative for the further development of circular solutions.
On the one hand, this flexibility has advanced the market
by allowing for successful implementation wherever appli-
cable, thus creating many strong examples of pilot projects
and innovation for circularity (Brem et al. 2020; Burke et al.
2018; Fufa et al. 2018). On the other hand, Kanters (2020)
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describes a complex value-chain for circular building pro-
jects and explains that the lack of systemic intervention may
limit implementation to only the most proactive clients,
especially if profit cannot be demonstrated. There is also the
risk of long feedback periods from the higher systemic levels
to the lower due to uncertainty and phasing-in of new meth-
ods, e.g., that the product requirements used in buildings
were used first to document performance, before moving on
to the more comprehensive evaluation and comparison of
the performance of products.

Development of methods at the product level will con-
tinue to affect methods at higher systemic levels. Conversely,
changes at the system level will set new requirements and
subsequently affect assessment methods at the lower sys-
temic levels. Instead of a stepwise development, therefore,
we will see more interactions within the network, where
interplay between actors impacts the assessment methods
simultaneously. As a result, we can expect that even as meth-
ods at different systemic levels interact, the development
of assessment methods for circular solutions will continue
increasingly and simultaneously at all levels.

The suggested intricate dynamics of the interactions
between the levels—and hence the methods applied at each
level—can be further analysed and corroborated by mapping
the systemic model (Fet and Knudson 2021) onto the VSM
(Beer 1972, 1995), and more specifically through their appli-
cation to sustainability as laid out by Espinosa et al. (2008).

First, from a VSM perspective, the existence of differ-
ent systemic levels in the model on which different meth-
ods are applied, is a necessity following from the essential
property of recursiveness of any viable network, i.e. any
viable network contains—and is itself contained—by other
viable networks. Construction projects consist of smaller
subprojects and are themselves contained by larger organi-
sations, for example, a municipality which again relates to
regional and national governance structures, which are in
turn contained in structures at an international level. This
recursiveness allows each network to maintain viability by
focusing on “only” part of the proliferating variety in its
environment. Together, the viable networks at the differ-
ent recursion levels can absorb the immense variety in the
larger environment (Ashby 1961). However, as pointed out
by Espinosa et al. (2008) when addressing sustainability,
the recursive structure should be able to provide both auton-
omy and cohesion. Local projects and CE initiatives must
therefore have sufficient autonomy to address the specific
challenges in their local environment, whilst CE actions at
higher recursion levels must provide a sense of direction and
cohesion among individual actions to secure sufficient joint
impact. Hence, the set of assessment methods applied at the
different levels should exhibit both looseness and a certain
stability in its core.

In effect, recursiveness then also logically defies a strict
top-down or hierarchical approach when striving for more
sustainable solutions (Espinosa et al. 2008). Interaction
between viable networks throughout their nested, recursive
structure will have to be both “upwards” and “downwards,”
as we also see in the interaction patterns between the assess-
ment methods for CE at the different levels.

Finally, we draw attention to Espinosa et al. (2008) who
emphasize the importance of what they call the “structural
coupling” between each viable network and its niche in the
environment, i.e. the specific part or subset of the “larger”
environment that the network really considers and cogni-
tively is aware of. For our purpose, this implies that at each
level of recursion, for an initiative or project aimed at CE
to be effective, its effort will be focused on a limited set of
actors and processes in the (local) environment, which we
may call “CE-niches.” Even though assessments methods,
e.g. LCA, may be highly standardised in terms of their tech-
nical design, their ability to cause actual change depends
on how well their application is embedded in the particular
CE-niche under consideration. This again underlines the
importance of the local autonomy needed to connect the
methods—although generic by design—to the specifics of
the local project or effort.

3.3 Management implications

The paper highlights several findings with management
implications for advancing CE in the construction industry,
thus relating to the scope and comprehensiveness and scope
of decision making in relation to the proposed systemic
model.

The first finding emphasises the importance of address-
ing environmental performance within the correct scope
to be able to make well balanced and sustainable deci-
sions (Labonnote et al. 2017). Each decision needs to be
both autonomous and well-functioning within the corre-
sponding CE-niche, while at the same time being cohesive
enough to enact recursively into other systemic niches. For
example, embodied material related emissions often domi-
nate GHG emissions in a building life cycle (Wiik et al.
2018), thus suggesting a heavy focus on process improve-
ments at the supplier level. This is inherently robust and
positive since it pushes the market to be innovative and
develop more circular solutions. However, from a broader
perspective, decarbonisation of the energy supply may be
a more effective enabler for CE solutions than the material
focus (also in terms of cost-efficiency). Depending on the
energy situation in each country and expected life cycle
cost savings (Ibn-Mohammed 2017), energy solutions
may therefore be more prioritised than embodied mate-
rial emissions when looking at higher systemic levels. The
recursive structure will encompass CE in terms of both
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materials and energy but allows for different prioritisation
depending on the context in which the decision is made.
The second finding stresses the importance of finding
the appropriate comprehensiveness for addressing CE in
buildings. As Pomponi and Moncaster (2017) point out,
circular building design encompasses not only environ-
mental and technical aspects but also governmental and
behavioural dimensions. These are best developed through
organisational tools such as building certification schemes,
or even by regulatory work at the system level. However,
high level scores in certification schemes and more strin-
gent regulations are not possible without proper technical
solutions at the product level or a functioning market with
the ability to supply solutions. Stringent regulations are
not possible without proper technical solutions at the prod-
uct level or a functioning market with the ability to supply
solutions. Successful implementation of building certifica-
tion can therefore create both the perceived benefits of liv-
ing for users and the business opportunities for the market.
These are decisions that have a broader impact than only
the environmental performance of the single building, and
therefore require an organisational focus to be effective.

3.4 Need for further research

Implementing systemic level thinking in CE for the construc-
tion sector is important for addressing management implica-
tions and for further research. Several literature surveys have
been conducted on CE and the construction sector (Benachio
et al. 2020; Eberhardt et al. 2020; Munaro et al. 2020). They
document growing research efforts, but also point to gaps
and barriers to successful implementation. Most evident is
the lack of research on the organisational and system levels,
i.e. how research on the building level can be transferred into
increased standardisation and better market mechanisms. In
addition, it is important not to limit circularity only to the
re-use and recycling of construction materials, but to keep
the broad focus of circular principles in mind (MacArthur
2013). Further, interdisciplinary research focus is needed at
all viable and recursive systemic levels. When this is com-
bined with the actor perspective, involving network actors
from the micro-scale (project focus) to macro-scale (city
or regional focus), the complexity increases as discussed
by Gallego-Schmid et al. (2020). In addition to needing to
address life cycle impacts across a variety of aspects, this
will require dynamic impact models that take technological
development and innovation into consideration. It therefore
may not be fruitful to shove all these aspects into one sin-
gle type of requirement or assessment method, but instead
to allow for use of different methods applied at the correct
systemic level.

@ Springer

4 Conclusion

CE has become an appealing concept to frame the con-
version from linear use of resources and materials into
circular applications where re-use may also be economi-
cally profitable (Korhonen et al. 2018). In the construction
sector, reduction of waste and re-use of building materials
through circular solutions have been especially in focus
(Lopez Ruiz et al. 2020), but the concept may be adapted
for other regenerative systems such as energy production
and nature conservation as well (Mulhall and Braungart
2010).

In this paper, we have described several methods for
assessing environmental performance for the built envi-
ronment, most of them using a life cycle perspective that
follows the distinct phases of a building life cycle; con-
struction, use and end of life. Often, methods are interwo-
ven and overlapping and may create confusion around the
effect of enhancing the development of circular solutions
(Hossain et al. 2020).

From a systemic perspective it becomes clearer that the
methods are working recursively in actor-networks, and
therefore affect society and the market differently depend-
ing on the systemic level. Methods at lower systemic lev-
els, such as the use of EPDs and building LCAs, may
stimulate the market to create circular solutions, while
methods at higher systemic levels, such as building certi-
fication, environmental management systems and regula-
tions, are used by real estate builders, trade organisations
and governments to create incentives for circular develop-
ment and innovation. When assessing environmental per-
formance for CE in the construction industry, a recursive
structure that allows for both autonomy and cohesion in
decision making becomes crucial for successful and effec-
tive implementation.
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