This document is downloaded from the
VTT's Research Information Portal

VTT Technical Research Centre of Finland

Policies as drivers for circular economy in the construction sector in the
nordics

Zu Castell-Rudenhausen, Malin; Wahlstrom, Margareta; Fruergaard Astrup, Thilde; Jensen,
Carl; Oberender, Anke; Johansson, Pernilla; Waerner, Eirik Rudi

Published in:
Sustainability (Switzerland)

DOI:
10.3390/su13169350

Published: 20/08/2021

Document Version
Publisher's final version

License
CCBY

Link to publication

Please cite the original version:

Zu Castell-Rudenhausen, M., Wahlstrém, M., Fruergaard Astrup, T., Jensen, C., Oberender, A., Johansson, P.,
& Waerner, E. R. (2021). Policies as drivers for circular economy in the construction sector in the nordics.
Sustainability (Switzerland), 13(16), [9350]. https://doi.org/10.3390/su13169350

vVIT VTT By usi_ng VTT's Researc_h_ Information Portal you are bound by the
. . http://www. vit. fi following Terms & Conditions.
eyon B
the obvious Eilrfl)ér?((j)x 1000F1-02044 VTT | have read and | understand the following statement:

This document is protected by copyright and other intellectual
property rights, and duplication or sale of all or part of any of this
document is not permitted, except duplication for research use or
educational purposes in electronic or print form. You must obtain
permission for any other use. Electronic or print copies may not be
offered for sale.

Download date: 19. Dec. 2021


https://doi.org/10.3390/su13169350
https://cris.vtt.fi/en/publications/c9247aec-2d0e-4452-a468-42002379e8d5
https://doi.org/10.3390/su13169350

<@ sustainability

Article

Policies as Drivers for Circular Economy in the Construction
Sector in the Nordics

Malin zu Castell-Riidenhausen 1%, Margareta Wahlstrom 1 Thilde Fruergaard Astrup 2 Carl Jensen 3,

3

Anke Oberender 2, Pernilla Johansson 3 and Eirik Rudi Waerner *

check for

updates
Citation: zu Castell-Riidenhausen,
M.; Wahlstrém, M.; Astrup, T.F;
Jensen, C.; Oberender, A.; Johansson,
P.; Waerner, E.R. Policies as Drivers
for Circular Economy in the
Construction Sector in the Nordics.
Sustainability 2021, 13, 9350.
https://doi.org/10.3390/su13169350

Academic Editors: Roberto Zoboli,
Massimiliano Mazzanti and

Simone Tagliapietra

Received: 31 May 2021
Accepted: 16 August 2021
Published: 20 August 2021

Publisher’s Note: MDPI stays neutral
with regard to jurisdictional claims in
published maps and institutional affil-

iations.

Copyright: © 2021 by the authors.
Licensee MDPI, Basel, Switzerland.
This article is an open access article
distributed under the terms and
conditions of the Creative Commons
Attribution (CC BY) license (https://
creativecommons.org/licenses /by /
4.0/).

1 VTT Technical Research Centre of Finland Ltd., 02044 Espoo, Finland; margareta.wahlstrom@vtt.fi

2 Danish Technological Institute, 2630 Taastrup, Denmark; thas@teknologisk.dk (T.E.A.);
aob@teknologisk.dk (A.O.)

3 RISE Research Institutes of Sweden, 50115 Boras, Sweden; carljensen@ri.se (C.].);

pernilla.johansson@ri.se (P].)

Multiconsult, 0213 Oslo, Norway; EirikRudi.Waerner@multiconsult.no

Correspondence: malin.castell@vtt.fi

Abstract: A circular economy (CE) represents the key alternative to the linear ‘take-make-consume-
dispose” economic model, that still predominates in the construction sector. This study investigates
how policies support CE-focused businesses in the construction sector in the Nordics. A literature
review, the creation of a database, a review of Nordic actors with a CE focus, and targeted interviews
with actors across the value chain of the construction sector in Denmark, Finland, Norway, and
Sweden enabled us to benchmark the CE policy landscape and assess how CE policies at different
levels support CE business models in the construction sector. The results show that the construction
sector is well represented in the CE policy frameworks and that many business opportunities are
created when national and local policies are put into practice. The implementation of policies
is mainly done via three key concepts, i.e., planning, requirements for sustainable constructions,
and requirements for public procurement. It can be concluded that policies are drivers for the
implementation of a CE and support CE business models in the Nordics.

Keywords: construction sector; circular economy; policies; recycling; reuse

1. Introduction

In the past, and still today, the construction industry practices a non-sustainable,
linear economic model, based on the idea of “take, make, dispose of” [1]. The linear model
does not support constructions and elements being deconstructed and reused, but they
become obsolete at the end-of-life of the building [2]. The linear model assumes that
natural resources are abundant, but now the world is in some cases exceeding the planetary
boundaries, showing the need for a transition to a circular economy (CE) [3].

Construction and demolition waste (C&DW) accounts for more than 30% of the waste
generated in the European Union [4]. Today, the recovery rate of mineral C&DW (excluding
waste soils) is rather high in all the Nordic countries (especially Denmark and Finland) [5].
However, high recovery rates are, to a large extent, based on a high degree of backfilling or
low-grade recovery, such as using recycled aggregates in road sub-bases (downcycling) [3].

The transition to CE requires a change in both attitudes and the core structure of an
industry [6]. Much is already known about the drivers and barriers for implementing the
changes. Drivers and barriers related to recycling C&DW have been presented by, e.g.,
Williams 2020 [7], Wahlstrom et al., 2020 [3], Wahlstrom et al., 2019 [8], Bio by Deloitte et al.,
2017 [9], Kirchherr et al., 2017 [10], Miljestyrelsen 2019 [11] and previous European Union
(EU) funded projects (EU HISER [12]; EU IRCOW [13]). The key barriers presented in
these studies are related to the design and construction of buildings reusing materials and
components, and recycling waste materials. The CE business models of the construction
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sector have been presented in earlier Nordic studies (Hoibye & Sand 2018 [14]; Munck-
Kampmann et al., 2018 [15]; Alhola et al., 2017 [16]). In these studies, policies have been
identified as a key driver by setting the recycling targets for the sector.

In order to speed up the transition to a CE in the construction sector, more knowledge
is needed on how companies can be supported in practice. There is limited literature on
how companies with a CE business model benefit from the current policy framework and
which policy instruments are seen by the companies as advancing their activities.

This study aims to understand the policy landscape and the role of policies in the
transition toward a CE in the construction sector in the Nordics. More specifically, the
objectives of the study were (i) to benchmark the national and local CE policy framework
in the Nordic countries and investigate whether the construction sector is addressed, (ii) to
build a database of CE actors along the circular value chain in the construction sector in the
Nordics, to (iii) review actors with a CE business idea to identify links to national and local
policies, (iv) to identify key drivers and barriers related to the successful implementation of
CE business models, and finally (v) to evaluate if the national and local CE policies support
the transition to a CE in the construction sector in practice.

The article is structured as follows: The introduction section describes the status and
presents the knowledge gap of the field of CE in the construction sector. Additionally,
the objectives of the study are presented in the introduction. The background section
describes the lifecycle value chain of the construction sector, as well as the European CE
policy framework, and how the literature presents the impact of policies on the operational
environment in CE actors of the construction sector. The materials and methods section
presents the CE policy framework in Denmark, Finland, Norway, and Sweden, the CE
criteria used for benchmarking CE activities in this study, and also the evaluation criteria for
selecting companies for identifying the links to policies, drivers, and barriers related to the
business model. The results section contains the findings of the analysis on how the policies
influence the implementation of CE concepts at different levels in the Nordics. Finally, the
discussion section concludes the article with some remarks related to the methodology and
results presented in previous sections.

1.1. Background

CE represents the key alternative to the linear ‘take-make-consume-dispose” economic
model, that still predominates in the construction sector [17]. The Ellen McArthur Foun-
dation defines CE to be ‘restorative and regenerative by design, aiming to keep products,
components, and materials in a closed loop and at their highest value at all times, also
distinguishing between the technical cycle (finite materials) and biological cycle (renewable
materials)’ [1]. The CE in the construction sector is presented from a material perspective
by Afshari and Gorecki [18], where after the end-of-life building materials should be reused
and their components and parts deconstructed, to act as material banks for new buildings,
keeping the components and materials in a closed loop.

When closing the loop, all stages of the value chain play an important role; from design
to end-of-life. C&DW is generated throughout the life cycle of buildings, also indirectly via
the planning and design phase; when there is a lack of consideration on waste management
and waste reduction in earlier phases of a project, it will reflect the total waste generation
during the whole life cycle [19]. Most C&DW is generated at the end-of-life, since most
building materials and components do not have a potential for reuse [20]. This study
considers the five stages of a building’s life cycle used by the European environmental
agency [17], i.e., (i) recycling and product manufacture; (ii) design; (iii) construction; (iv) use
and maintenance; and (v) end-of-life and demolition.

Wahlstrom et al. [21] defines the key features of the five stages of the value chain as
follows: (i) the design phase facilitates sustainable material use, maintenance requirement,
easy change of intended use, and expected lifespan, (ii) the construction phase is key to
material efficiency and construction waste management, (iii) the use and maintenance phase
determines the lifespan realization, (iv) the end-of-life and demolition phase determines the
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fates of the generated waste materials, and (v) recycling and the production of construction
materials and products closes the material loop of the construction sector.

1.2. The European Policy Framework

The basic principles and general ambitions for CE in the construction sector are defined
in the European CE policy framework [22-24]. EU legislation and policies are transposed
into national legislation and policies, thus forming the basis for the CE policy framework in
EU Member States. EU policies set the framework both for recycling targets for waste [22]
and for market demand for secondary materials [23].

The first Circular Economy Action Plan (CEAP) of the EU defines construction and
demolition as a priority area in the EU for closing the material loops and promoting a
CE [24]. The second CEAP of the EU calls for improved recyclability, but also for the use of
secondary materials in products [23]. The ambition for increased recycling is transposed
into the revised Waste Framework Directive (WFD 2008/98/EC, amended 2018/851) by
setting a mandatory target for the recovery of C&DW of 70 per cent as of 2020 [22].

The European Green Deal lays down the key framework for the policies of the con-
struction sector [25], and the Renovation Wave states key initiatives to, e.g., increase reuse
and recycling in the construction sector [26]. Furthermore, the second CEAP presents
initiatives to propose minimum mandatory green public procurement (GPP) criteria as a
means to enhance circularity in the EU, as well as key principles for the construction sector
to increase material efficiency and promote CE [23].

Aiming for sustainability in the building sector may increase recycling, as materials
with recycled content are often given credit in environmental rating protocols. Examples of
well-established protocols are: Level(s) from the European Commission [27], the Building
Research Establishment Environmental Assessment Method (BREEAM) from the UK’s
BRE [28], and the US Green Building Council’s Leadership in Energy and Environmental
Design (LEED) [29]. The protocols can be used by investors, designers, general contractors
and real estate operators for proving the sustainability of a building.

Achieving CE targets in waste management is often measured based on the recycling
rate, which is calculated as the ratio of recycled waste to the generated waste [30,31]. There
is no distinction between preparation for reuse, high-grade recycling, and downcycling
(including backfilling) [30]. The Waste Framework Directive sets a target of recycling
70% (by weight) of non-hazardous construction and demolition waste [22]. By 2024, the
Commission shall consider material-specific targets for key streams of C&DW [22]. A
recycling target for an entire industry creates incentives to recycle materials that have a
large impact on the recycling rate and risks reducing the incentives to recycle materials
that have a small impact but may be more valuable [21].

1.3. Policy Impact on the Operational Environment

Local CE drivers are created through setting targets and responsibilities in local strate-
gies, by formulating CE guidelines and by setting specific requirements for construction
projects. Local policy documents are often a continuation of the national policy framework
with similar targets, often including more detailed practices and responsibilities for reach-
ing the targets. Local CE policies are based on local needs and local prospects, aiming to
have a local impact, but also to contribute to reaching the targets set by national and EU
CE policies. [32] Kirchherr et al. (2017) identifies four key barriers to the CE, i.e., regulatory,
culture, technology, and market barriers [10]. However, the same study also identifies
policy-makers as the key actors in breaking the barriers and facilitating the transition to a
CE via CE-friendly policies.

Recycling targets for C&DW are set both in the Waste Framework Directive [22],
transposed to the national legislation or the waste management plan of the Nordic coun-
tries [33-36]. Recycling targets are a key policy for increasing recycling, but also for the use
of secondary raw materials and closing the material loop [14-16]. Policies can influence
recycling rates via, e.g., taxes for landfilling, taxes on virgin materials, encouragement of
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GPP, end-of-waste criteria, and extended product responsibility or product ownership,
supporting the attaining of recycling targets, and other CE activities as well. [3]

Related to recycling and reuse, construction products containing recovered materials
need to comply with product requirements, which do not differentiate between virgin and
recovered materials. The Construction Products Regulation (305/2011/EU) requires that
all construction products put on the market be CE-marked [37], requiring full knowledge of
the material content. This can be hard to acquire for waste feedstock, which is considered
one of the key barriers for these activities [14].

Green public procurement (GPP) has a significant leverage for addressing environ-
mental challenges. The European Commission (EC) has supported this strategic approach
by publishing a Communication [38], a GPP handbook [39], and EU GPP criteria to support
sustainability in public tendering [40]. The EC has identified the construction sector as a
priority sector for GPP; a sector where GPP can significantly contribute to improving the
environmental performance [38].

GPP can facilitate sustainability in construction by promoting closed material loops
via the reuse, remanufacturing, and recycling of products and materials, also avoiding
their harmful environmental impact. GPP can set requirements on the use of waste-
derived materials and thus promote the markets for secondary raw materials and reusable
construction products. In demolition, GPP requirements on the reuse and recycling of
construction and demolition waste in new construction products will boost the market for
recovered materials. [16] The public sector is the key property developer in the Nordics [14],
and by using GPP criteria, the public sector can have a great impact on the competitiveness
of CE-focused companies [16].

As an example, to support innovative and sustainable public procurement in Finland,
the Finnish Government launched KEINO, a competence centre for sustainable and inno-
vative public procurement. KEINO aims to improve the effectiveness and quality of public
procurement and public services [41]. In Finland, a guideline for Public Green Procurement
in demolition was published in 2019 by the Finnish Ministry of the Environment, intended
to be used by municipalities to improve the recycling of C&DW arising from the demolition
of public buildings [42].

2. Materials and Methods
2.1. CE Criteria and Indicators

CE criteria presented in Table 1 are employed to enable the identification of CE policies
and business models. CE criteria also enable benchmarking policies in relation to CE focus
to give an overview of the CE policy framework in the Nordics. The indicators presented
in this study are chosen and modified to best fit the construction sector and excludes
topics related to investments, markets, and trade, with a focus on material streams in the
construction sector. The CE indicators presented in Table 1 are collated from indicators
used by the European Commission [43], EUROSTAT [44], and Moraga et al. [45].

2.2. Policy Framework

In order to set the scene and benchmark the Nordic countries, national strategies for
CE were shortly reviewed to compare the national policy framework in the Nordics, as
well as to check the transposition of EU’s CE policies into national policies in the Nordics.
Although Norway is not a Member State of the EU, many policies are transposed from the
European policy framework into Norwegian policies and legislation.

The CE policies in the Nordics aim to transpose the European CE policy framework.
Waste management and waste prevention plans are mandatory, as stated in the Waste
Framework Directive [22]. Finland, Norway, and Sweden have integrated the Waste
Prevention Plans into the Waste Management Plans [46—48]. Other strategies with a CE
relevance or relevant to the construction sector and CDW represent several different types
of documents. The national CE policy frameworks were examined through 24 policy
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documents, such as strategies and roadmaps. The list of policies is presented in Table 2 in
the results section.

Table 1. CE criteria and indicators used for the assessment of the CE focus of policies and business models.

CE Criteria

CE Indicator

1. Reducing use of resources

1.1 Sharing of facilities /adaptive use of facilities prevents the need for additional buildings

1.2 Increasing the utilization rate of buildings to prevent the need for additional buildings

1.3 Choice of material or product for options requiring less material for the same performance

1.4 Saving of materials in production, optimizing cut-offs

1.5 Reducing material consumption at construction site by using products pre-cut to size

2.1 Extending life span by renovating old buildings instead of building new ones

2. Waste prevention

2.2 Preventing premature demolition by changing the use of a building
2.3 Repair and maintenance to prevent premature demolition

2.4 Use of demountable construction components enabling the reuse of construction
components and reconstruction of buildings

3. Increasing recycling rates

3.1 Sorting, separating, and recycling activities

3.2 Enabling recycling through selective demolition

3.3 Use of waste-derived /recycled materials in new products
3.4 Use of waste-derived materials in construction

4. Use of biobased /renewable
materials

4.1 Biobased construction materials or products, such as wood, cellulose, cotton

5. Use of recyclable materials

5.1 Using materials that are recyclable at end-of-life
5.2 Enabling clean dismantling and recycling at end-of-life by not mixing materials at the
installation phase

Table 2. The national CE policy framework in the Nordic countries. Finland and Norway have integrated the Waste

Prevention Plans into the Waste Management Plans. Other strategies with a CE relevance or relevant to the construction

sector and CDW are not specifically defined and can represent several different types of documents, and thus the list is

not exhaustive.

Focus on the CE Criteria Focus **

Focus of National Strategies Construction Sector *
1. 2. 1. 2. 3. 4. 5.
Denmark
National Waste Management Plan [49,50] X X X
National Waste Prevention Plan [51] X X X
Other strategies with a CE relevance or relevant to the construction sector and CDW
e  Strategy for circular economy [52] X X X
e  Strategy for intelligent public procurement [53] X X
o The Government’s action plan on plastics [54] X X X
e  Strategy for digital construction work [55] X X X
Finland
National Waste Management Plan [46] X X X X
Other strategies with a CE relevance or relevant to the construction sector and CDW
e  National circular economy programme [56] X X X X
e  Material efficiency programmes [57,58] X X X X X
e Demolition guidelines [42,59] X X X
e  Plastics roadmap [60] X X X X
e  Wood Building Program [61] X X X
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Table 2. Cont.
Focus on the - -
Focus of National Strategies Construction Sector * CE Criteria Focus
1. 2. 1. 2. 3. 4. 5.
Norway
National Waste Management Plan [47] X X X X
Other strategies with a CE relevance or relevant to the construction sector and CDW
e  National action plan for construction and demolition waste N X X X
2017-2020 [62]
e  Circular economy recommendations from the industry [63] X X
o Governmental CE policy framework [64] X X X X X
Sweden
National Waste Management Plan [48] X X X X
Other strategies with a CE relevance or relevant to the construction sector and CDW
e  (Circular economy strategy [65] X X X X X
e Resource and waste guidelines for construction and
re X X X X X
demolition [66]
. R'oz.adma}.) toa fossil free competitiveness-construction and X X N X N
civil engineering sector [67]
e  Focus on wood construction [68] X X X

* 1. A specific section dedicated to construction and demolition waste (CDW); 2. Objectives or targets with respect to the construction
sector and /or CDW. ** 1. Reducing the use of resources; 2. Waste prevention; 3. Increasing recycling rates; 4. Use of biobased /renewable
materials; 5. Use of recyclable materials.

The assessment of local policies aimed to facilitate the understanding of how national
policies are put into practice on a local level. The policies examined were not explicitly
CE strategies, but represented the concept of sustainability and CE. The policy documents
were benchmarked against the CE criteria presented in Table 1 to confirm their CE focus.
CE policies on a local and regional level were examined through 18 policy documents, such
as strategies, roadmaps, and networking activities. The list is found in Appendix A.

2.3. Identification of Links to National and Local CE Strategies

A database was created identifying actors of the Nordic construction sector with a CE
focus in their business model. The database presents a short description of the business
idea of each actor, as well as information on the life cycle phase and CE focus. The database
is expandable and updateable. For this assessment, 113 actors from Denmark, Finland,
Norway, and Sweden were identified by the authors and represent companies with CE
activities in the construction sector, as well as actors actively networking in CE events
such as attending conferences and expert group meetings in the construction sector in the
Nordics. The database is not exhaustive and can be easily expanded.

The companies of the database have been characterized with respect to life cycle phase
and CE criteria to identify where the key actors are focusing their activities. The repre-
sentation of the five stages of a building’s life cycle used by the European Environmental
Agency [17] is illustrated in Figure 1, i.e., (i) recycling and product manufacture; (ii) design;
(iii) construction; (iv) use and maintenance; and (v) end-of-life and demolition, where one
actor can represent more than one stage of a builing’s life cycle. The representation of the
CE criteria as presented in Table 1, where one actor can focus on more than one CE criteria,
is illustrated in Figure 2.

To better understand the links between policies and CE business models, 14 actors
from the database representing different stages of the value chain were further assessed to
identify links to national and local CE strategies. Actors were chosen from all four Nordic
countries to facilitate comparison among the Nordic countries, and selected based upon
the relative strength of the business idea focus on CE (as presented in Table 1). Based
on these criteria, 14 actors were chosen for further analysis of the links to national and
local strategies.
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1. Recycling and
product
manufacture
21%

5. End-of-life and
demolition
33%

2. Design
17%

4. Use and
maintenance
7%

3. Construction
22%

Figure 1. The representation of the companies of the database in respect to the life cycle phase. The database contains

113 companies, and one company can represent more than one stage of a building’s life cycle.

5. Use of recyclable
materials
5%

1. Reducing use of
resources
3%

4. Use of
biobased/renewable
materials
12%

2. Waste prevention
33%

J

3. Increasing
recycling rates
47%

Figure 2. The representation of the companies of the database in respect to the CE criteria. The database contains
113 companies, and one company can address more than one CE criteria.

In order to gain further understanding of the barriers and drivers to the implementa-
tion of CE business models in the construction sector, in-depth interviews were conducted
with 10 of the companies that had been reviewed. In the interviews, links to national



Sustainability 2021, 13, 9350

8 of 19

and local strategies were identified, and the key barriers for the business models were
also identified. Finally, the interviews aimed at exploring why the selected companies
are successful in overcoming these barriers and what the role of different level policies
and strategies is for their business models, aiming to evaluate if the policies support the
transition to a CE in the construction sector in practice. In all interviews, one or more
representatives of the companies were present. The interviews were structured to focus on
how national and local policies act as barriers to, and drivers of, the specific company in
their business. All interviews followed a similar protocol, although conducted by different
members of the team.

3. Results
3.1. Policies

The review of the national CE policy framework in the Nordic countries shows that
the construction sector is well represented in CE policies on a national level, both in
the mandatory waste management and prevention plans, as well as in other strategies.
All countries present objectives or targets for the construction sector in different level
policies. Furthermore, the study showed that the national policy scene in all countries
was somewhat similar in respect to target setting and objectives. The benchmarking of the
national policies is illustrated in Table 2. Finland, Norway, and Sweden have integrated
the Waste Prevention Plans into the Waste Management Plans [46—48]. Other strategies
with a CE relevance or relevant to the construction sector and CDW can represent several
different types of documents, and thus the list is not exhaustive.

The evaluation of local policies found that the transition to a CE is well presented in
the local policy framework in the Nordics—mainly incorporated into a general municipal
strategy, but also as free-standing strategies for sustainability and CE. The list is found in
Appendix A. Local strategies often included more detailed practices and responsibilities
for reaching the targets, where national policies were more general. Local strategies and
guidelines can also entail a more practical follow-up system for ensuring compliance with
the set targets.

It was found that municipalities use mainly three key policies for supporting CE
business models and meeting their CE targets, i.e., planning, requirements for sustainable
constructions, and requirements for public procurement. As the planning and permitting
of construction and demolition activities are under municipal control, local strategies and
guidelines give the municipalities a good tool for creating incentives to move towards
more circular business models. Some municipalities are actively involved in construction
activities, allowing them to highly impact project details in construction via GPP.

The study found that municipalities set requirements on CE solutions in construction
with a high focus on end-of-life activities. The requirements of the demolition phase focus
on resource mapping prior to demolition, the use of selective demolition, as well as the
reuse and recycling of waste. CE solutions in the construction phase focus mainly on
the use of materials that are recyclable, dismantlable, and also on the documentation of
material content, e.g., in material passports, all with an emphasis on forthcoming end-of-
life activities.

Good examples of steering via policies are the City of Helsinki and the City of Copen-
hagen. Helsinki uses public procurement in construction combined with planning to set
requirements supporting the local sustainability strategy. In the “The Carbon-neutral
Helsinki 2035 Action Plan”, the city sets clear targets for emissions reduction and defines
clear measures to reach the set targets [69]. In 2020 the City of Copenhagen decided
that Byggeri Kebenhavn, a major developer for Copenhagen, would address CE in all
construction projects. The City of Copenhagen has developed guidelines to support and fa-
cilitate the implementation of the local CE strategy and setting requirements for sustainable
constructions [70].
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3.2. Identification of Links to National and Local CE Policies

Based on predefined criteria, 14 actors were chosen for a deeper analysis of the circular
value chain of the construction sector. The actors chosen in this report all have a CE focus
in their activities and contribute to a rethinking of the traditional value chain. The actors
were characterized with respect to the life cycle phase, and it was found that most activities
were related to the construction and end-of-life phases. The actors’ link to the policies,
the position in the value chain of the construction sector, and the CE criteria in focus are
presented in Table 3. The business focus of the actors are presented in Appendix B.

Table 3. Assessment of the actors in response to strategies, value chain, and CE criteria.

Actor nr.

Phase of Value Chain * CE Focus **
1. 2. 3. 4. 5. 1. 2. 3. 4. 5.

Identified Link to Policy Document

National CE policy

Not linked to local policy level X X X X

National waste management/prevention plan
National CE policy X X X X
Not linked to local policy level

National waste management/prevention plan
National CE policies X X X X X X X
Local CE strategies

National waste management/prevention plan
Not linked to local policy level

National waste management/prevention plan
Not linked to local policy level

Indirectly linked to national CE policies
Local CE strategies

National waste management/prevention plan
Local CE strategies

National waste management/prevention plan
National CE policy X X
Not linked to local policy level

National waste management/prevention plan
National CE policies X X X X X X
Not linked to local policy level

10.

National waste management/prevention plan
National CE policy X X X X X
Not linked to local policy level

11.

Indirectly linked to national CE policies
Local CE strategies

12.

National waste management/prevention plan
Not linked to local policy level

13.

National waste management/prevention plan
National CE policy X X X X
Local CE strategies

14.

National waste management/prevention plan
National CE policy X X X X
Not linked to local policy level

* 1. recycling and product manufacture; 2. design; 3. construction; 4. use and maintenance; 5. end-of-life and demolition; ** 1. reducing use
of resources; 2. waste prevention; 3. increasing recycling rates; 4. use of biobased /renewable materials; 5. Use of recyclable materials.

Most of the reviewed actors had a CE focus on waste prevention and recycling. Only
one company had a focus on the reducing use of resources, one had a focus on the use of
recyclable materials, and two on the use of biobased /renewable materials. This shows that
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the CE focus of the reviewed actors is strongly on waste and less on materials and products.
Actors 3,9, and 10 have a product-minded focus: 3 and 9 using wood as raw material; 9
focusing on optimizing material use and reducing the use of resources; and 10 closing the
loop using recyclable raw materials.

Waste prevention is on the top of the waste hierarchy [22], and a key CE criterion.
Several of the actors focus on the reuse of building materials and the prevention of waste
generation. National waste management and prevention plans and CE policies emphasize
the importance of waste prevention.

Recycling was represented in all business models except two, being the most common
CE criteria for the actors. Recycling represents a well-implemented CE business model and
is also well represented in local and national CE policies (see Table 2 and Appendix A).

3.3. Drivers and Barriers for CE Business Activities

Ten focus interviews were conducted to increase the knowledge on how policies have
supported the establishment of businesses with a CE focus. The evaluation of local and
national policies clearly illustrated how policy instruments can drive CE initiatives. This
was also highlighted during in-depth discussions with company representatives, who noted
how particular national and local CE policies incentivized CE actions and supported their
own business model. The interviews confirmed the results of the assessment presented in
Table 3, accenting that the transposing of national recycling targets into local CE strategies
with a subsequent implementation through GPP requirements for public construction
projects provides a leverage for companies involved in recycling and the utilization of
secondary materials.

In the interviews it was highlighted that GPP is a key driver for CE business models.
GPP can promote recycling and the use of secondary raw materials and reusable construc-
tion products. GPP is needed both in construction and in demolition. Identified barriers
related to GPP criteria for secondary raw materials related to the market’s readiness; some
difficulties were identified related to the supply of high-quality secondary materials, com-
plying with the requirements of both the property developer and the contractor. The lack
of information on how to set realistic GPP requirements for recycling and reuse options
was highlighted in one interview.

Three interviews disclosed that there is often a lack of information among stakeholders
on the availability of recovered and reusable materials and components. There is a need to
streamline the reuse processes to make the reusable products and recovered materials easily
accessible. This requires, e.g., comprehensive reuse inventories and providing storage
solutions. The logistics in dismounting products from buildings must be synchronized
with the delivery for reuse. If not, the storage creates extra costs. To enable this, a better
coverage of online digital marketplaces for a business-to-business exchange of waste and
the production side-streams for this type of CE business models need to evolve.

The material availability is also presented as an important aspect to be considered. In
one interview, it was highlighted that mineral waste cannot be transported far from the
demolition site without increasing costs and environmental impacts.

The importance of the effective identification, sorting, and collection of building
materials to support the security of supply was highlighted in two interviews. Dismantling
reusable products, structures, and elements prior to demolition delays the demolition
process and increases storage needs and demolition costs.

Doubts about quality (especially fluctuations in the quality of recovered materials)
were highlighted in all interviews as one key barrier for recycling. Concerns about the qual-
ity of the waste, such as impurities and material degradation, and the potential presence of
hazardous materials, such as paint and glues, may cause a safety concern for the recovered
waste streams, especially if a tight quality-control system is not applied.

Construction products containing recovered materials need to comply with product
requirements, which do not differentiate between virgin and recovered materials. In
two interviews, the requirement of the CE-marking of construction products put on the
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market (as stated in the Construction Product Regulation [37]) was seen as a driver for
businesses. Having access to the required data has enabled them to turn this hinder into
a driver.

In all interviews there was a consensus that the main obstacle for the reuse and recy-
cling of C&DW is economic, due to the price of secondary raw materials and used products
often exceeding the price of virgin raw materials and new products (e.g., aggregate, wood,
glass, and gypsum). In Finland, Norway, and Sweden, the abundance of wood and ag-
gregate, in particular, limit the interest in recycling these materials. In two interviews, it
was pointed out that landfilling is seen as a more cost-effective solution for the demolition
company. In addition, there are extra costs from the sorting of the waste into a fraction that
is clean enough to meet the quality demands of the producer of the secondary raw material.

The environmental aspects and reduced costs for waste disposal were recognized as
incentives and drivers for increased reuse in all interviews. Still, in one interview, it was
emphasized that the financial, social, and organizational barriers of reuse were found to be
more difficult to overcome compared to the technical barriers. Awareness and competence
in reuse must be increased throughout the value chain for reuse aspects to be considered
earlier in the process.

In two interviews, the lack of numerical indicators for all CE criteria was considered
a bottleneck. Achieving CE targets is often measured based only on the recycling rate, a
numerical indicator used in waste management reporting. There are currently no numerical
indicators for waste prevention, even if waste prevention highly supports the CE goals. It
is unclear how to address the avoided waste generation, as there is currently no system to
report waste prevention in environmental reporting.

One interview highlighted that digitalization is a key driver for circularity. However,
digitalization and digital tools cannot stand alone, as they also depend on the stakeholders’
acceptance and use of the tools to be effective. Digitalization may play an important role
in supporting the flow of information and the traceability of waste, i.e., the origin and
treatment of waste, which is crucial for the guarantee of safety and the quality of the waste.

While policies are key to raising awareness, they also need to be followed up by
concrete initiatives that ensure implementation in practice. Two interviews highlighted the
need for funding programs and initiatives that promote new business start-ups and other
entrepreneurial initiatives for bringing ideas to the market.

The drivers and barriers identified in this study all relate to the business models of
the companies that were interviewed. It can be concluded that all companies stated that
the current policy landscape support, to some extent, their CE activities. The key drivers
and barriers related to the successful implementation of CE business models identified in
the interviews are summarized in Table 4.

Table 4. Summary of drivers and barriers identified related to the successful implementation of CE business models.

Topic

Driver Barrier

Green Public Procurement (GPP)  secondary raw materials and

P t li d th f . . L.
romotes recyciing an cuseo Lack of information on how to set realistic GPP

. requirements.
reusable construction products. !

Material availability /security

of supply

Supply and demand do not meet or the distances are
too long.

Dismantling delays the demolition process and
increases costs.

Lack of information on

Dismounting must be synchronized with the delivery

forthcoming material availability for reuse, otherwise storage costs will arise.

Doubts about quality

Concerns about the quality of the waste may cause a
safety concern for the recovered waste streams.

Price of secondary raw materials

The price of secondary materials and products often
exceed the price of virgin.
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Table 4. Cont.

Topic

Driver

Barrier

Cost-efficiency of recycling

Landfilling is seen as more cost-efficient than recycling.

Lack of numerical indicators for
all CE criteria

Lack of numerical indicators to report waste prevention
in environmental reporting.

Digitalization

Supports the flow of information
and the traceability of waste.

Access to waste data
and traceability

Full knowledge of material
content enables compliance with
product requirements.

Reduced costs for waste disposal
through reuse options

Reuse eliminates all costs related
to waste disposal.

4. Discussion

This article had the objective of finding if CE policies support CE business models and
the transition to a CE in the construction sector in the Nordics. In previous studies policies
have been identified as a key driver for CE in the construction sector by setting the recycling
targets for the sector, but little is known about how the policies can support the transition
in practice. Local CE strategies or roadmaps toward CE have just recently been published,
and experiences from the field have not yet been published in the Nordic countries.

The benchmarking of the national CE policy framework in Denmark, Finland, Norway,
and Sweden showed that the construction sector was well represented in CE policy docu-
ments and that the national policy scene in all countries was somewhat similar in respect to
target-setting and objectives. This can, however, be a mirror effect from EU CE policies for
the construction sector, which are well transposed into the Nordic policy framework. The
study mainly reviewed the key objectives of the policy documents, excluding enforcement
and follow-up mechanisms, which ensure implementation in practice. In order to better
understand how policies are put into practice, the enforcement and follow-up mechanisms
could be reviewed, possibly in the light of performance indicators, showing the relationship
between policy follow-up and CE implementation.The companies reviewed to identify
links to the policies, as well as the companies interviewed for the identification of drivers
and barriers, showed an inclination towards construction and end-of-life activities in the
value chain, as well as waste prevention and recycling activities indicating their CE focus.
The uneven distribution throughout the value chain and CE focus is a result of where the
CE activities of the construction sector are focused. The question remains as to whether the
uneven distribution is a result of a policy landscape failing to support actors of the other
phases of the value chain. Still, the uneven representation may be a bias, and forthcoming
studies should emphasize either a better distribution, to correct this bias, or investigate the
reason behind this bias.

Of the three key policies used by municipalities to facilitate the transition to a CE, i.e.,
planning, requirements for sustainable constructions, and requirements for public procure-
ment, only GPP was mentioned in the interviews as a policy supporting the CE-focused
businesses. This does not exclude the other policies from being efficient in facilitating the
transition. Planning and requirements for sustainable construction are elements of an early
planning stage, whereas many of the interviewed companies are active later in the value
chain and identified policies supporting their activities or phase of the value chain.

In order to fully understand the impacts of policies focusing on activities earlier in the
value chain, other types of analyses need to be conducted, such as a comparison of regions
with differing approaches to facilitating the transition.

Digitalization was identified as a key driver for CE. Many of the identified barriers
address problems that could be solved with the successful implementation of online digital
tools. Tools supporting communication on supply and demand combined with digital
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marketplaces for a business-to-business trade of reusable products and recovered materials
could remove barriers related to material availability. Tools supporting traceability would
highly support improved access to waste data, removing barriers related to concerns about
the quality of the waste.

However, it was stated that the price and availability of recovered and reusable materi-
als and components create major bottlenecks for reuse and recycling. It was expressed that
virgin materials are cheaper and more easily accessible than their recovered alternatives.
As long as the process for reuse and recycling is not streamlined and these products are not
easily accessible, the CE business models will only represent an exotic alternative to the
modus operandi.

In the assessment of links between CE business models and policies, it was found that
many business opportunities benefit from the national and local policy landscape. Thus,
putting theory into practice via CE policies can indeed drive the transition to a CE in the
construction sector.

The study showed that, today, CE actors in the construction sector represent con-
struction and end-of-life phases with a strong focus on waste management, such as waste
prevention, reuse, and recycling. It was found that these actors benefit from the national
and local policy landscape, especially policies that are implemented via GPP requirements.
Additionally, this study showed that many of the barriers identified by the actors are such
that they can be overcome via the successful implementation of online digital tools for
trade and supporting traceability.
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Appendix A

Table A1 shows the reviewed local CE policy documents with a section or targets
dedicated to the construction sector.

Table A1. Reviewed local CE policy documents with a section or targets dedicated to the construction sector.

. Key Focus Areas in Respect to CE Criteria Focus *
Count
Ty Title and Reference Construction Sector 1. 2 3 4 5
Climate strategy and climate plan Energy-efficient renovation of existing building
DK 2016-2020, Aarhus stock, green transition, and sustainability in X X
municipality [71] building projects.
Environmental and energy efficient ~Requirements and recommendations for
DK construction in Aarhus municipal building work, aiming to make X X X
municipality [72] buildings as sustainable as possible.
The plan presents initiatives related to the reuse of
Copenhagen Resource and waste : . o .
DK management plan 2024 [73] construction materials from the city’s properties X X
& P and cleaner recycling of C&DW.
Circular economy Handbook for Avoid using virgin non—re.newable and
. . non-recyclable raw materials, to become more
DK the construction sector in X X X X X

Copenhagen [70]

resource-conscious and to increase the reuse and
recycling of waste.
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Table A1. Cont.

Key Focus Areas in Respect to

CE Criteria Focus *

Count i
ry Title and Reference Construction Sector L 2 3 4 5
Environment in construction and . . .
. . . Environmental requirements to help implement a
DK civil engineering 2016, Copenhagen .. . X X X
Lo number of political strategies related to CE.
municipality [74]
The strategy presents goals for the building and
DK Bormholm climate strategy [75] demqlltlon sectpr, e.g, the goal of repovatmg X X
buildings sustainably by using sustainably
produced materials or reused materials.
Transposing the Danish waste and CE policies into
DK Bornholm waste strategy [76] the national strategy. Including measures for X X
construction waste.
The plan presents goals and activities related to
. the prevention and effective utilization of waste.
Kolding kommune Waste . L .
DK With respect to C&DW, the municipality will X X
management plan 2019-2024 [77] . .
upgrade the effort for increased sorting and
removal of contaminated C&DW.
One focus area is circular economy in buildings,
T . aiming for emission-free and waste-free
Oslo municipality as a leading S .
NO : . construction sites, increased emphasis on reuse X X X
environmental city [78] . . .
and recycling and improving management of
existing building stock.
In the strategy, Helsinki presents 58 actions to
FI Carbon neutral Helsinki 2035 [69] achieve emissions reduction targets through X X X
construction and buildings.
Sustainable construction is developed and
Fi Turku Climate Plan 2029 [79] promoted extensively in the entire city area. Using X X
wood as building material is promoted.
FI Vantaa CE plan [80] Target to become carbor}-neutral by 2030. Specific « « « «
targets for the construction sector
Fi Kuopio resource efficiency Increase energy efficiency and sustainability « «
programme [81] in construction.
The CE principles of Aland in relation to the
. Development and sustainability construction sector are increasing recycling and
Fi 2 S < . X X
agenda for Aland [82] using timber grown on Aland in the
construction industry
P i f .
rocurement requirements for The city of Gothenburg has developed
circular flows in the construction . . .
SE s . procurement requirements for circular flows in the X
and demolition process. The city of . .
construction and demolition process
Gothenburg. [83]
Sk.ar}e reglon: guidelines to Guidelines to minimize the waste from
SE minimize the waste from . R X
. . construction activities.
construction sites [84]
Local roa(.:lmap for a .chma’fe-nellltral The roadmap includes targets such as resource
SE construction and civil engineering efficiency and climate-neutral building materials xoox X
sector in Malmo 2030 [85] y & ’
Climate strategic program for Gothenburg aims to become one of the most
SE B1Cprog progressive cities in the world in the rectification X X X X

Gothenburg [86]

of climate-related problems.

* 1 reducing use of resources; 2. waste prevention; 3. increasing recycling rates; 4. use of biobased /renewable materials; 5. use of

recyclable materials.



Sustainability 2021, 13, 9350 15 of 19

Appendix B

Table A2 shows the business focus of the actors chosen for the assessment of how
policies influence the implementation of CE concepts at different levels in the construction
sector in the Nordics

Table A2. Business focus of the companies chosen for the assessment of how policies influence the implementation of CE
concepts at different levels in the construction sector in the Nordics.

Case nr. Business Focus

1 Technology development for a more efficient pre-demolition inventory. The collected information enables a more
’ efficient dismantling of valuable materials and products, and supports selective demolition.

2 Development of a digital marketplace for the trade of reusable construction products and furniture. Users can register
' materials and inventory planned for demolition to make them available to others.

3 Using wood waste from renovation and demolition projects in the production of high-value products. High focus on
' finding feedstock that can be traced to ensure material quality and safety.

4 Reuse and closed loop recycling of C&DW. Focus on finding a self-sustaining system for the collection and recycling of
' flat glass.

5 Closed loop recycling of C&DW. Focus on the recycling of plasterboards by developing a new business model and
' streamline the reverse logistics.

6. Construction of an office building with a high focus on environmental sustainability in the building’s design

7 Dismantling of interior products prior to demolition, focusing on reusable products and materials that have a
' second-hand value.

8 Policy and legislation-removal of legislative barriers for recycling. Recyclers actively involved in the revision of
’ legislation, aiming to remove barriers for the use of secondary raw materials in construction.

9 Modular demountable wooden constructions intended for a temporary and/or unknown length of use. Easy to
' reconstruct, including possibilities for changes in size and intended use.

10 Closed loop recycling of C&DW. Certified recycling of concrete waste in new concrete allowing closed loops and
' full traceability.

1 Municipal construction projects with a CE focus. The developer unit is responsible for the construction of public

buildings; the CE efforts have resulted in a number of CE-focused construction projects.

12 Facilitate the selling of building products for reuse. The company hosts a digital marketplace for the trade of reusable
' building products and furniture.

13 Collection of surplus materials and products from construction sites; resell to customers. These products and materials
' have traditionally ended up as waste at the construction sites.

14 Development of digital process tools to track the generation of waste at construction sites and optimize the collaboration
’ between partners in planning, procurement, and logistics activities with the aim to achieve waste-free construction sites.
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