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Abstract Thepaper discusses the application of circular building solutions in collec-
tive urban renovation projects. The proposed approach will broaden and deepen
existing strategies and solutions on circularity to urban renovation at district level,
accelerating the renovation wave of the existing patrimony in a future-proof and
thus circular way, and doing so for and with a diversity of target groups, from the
most vulnerable to the strongest shoulders. The project will develop and embed a
decision-making framework for adopting circular solutions in collective renovations.
It will do so through co-creation with relevant quintuple helix stakeholders and a mix
of target groups including both public and private owner-occupiers, landlords, prop-
erty developers, autonomous municipal urban development companies and social
housing companies. The project will maximize complementarity between technical,
financial and legal solutions to boost circular economy in collective urban renovation
projects. The necessary knowledge will be drawn from the consortium’s expert group
of the VLAIO impaC3t project [1, 2] and from several real-life cases. The Belgian
cities of Bruges, Ghent and Landen aim to renovate several building blocks using
a collective approach. The approach will be developed based on and tested in these
initiated urban renovation projects at three possible levels: (1) punctual renovation
measures (moisture, roof, façade, central heating systems), (2) total renovation and
extension by rear extension or topping up and (3) new construction/replacement.
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35.1 Introduction

Existing policies have set ambitious sustainability targets for building renovations
and urban renovation by 2050. The EuropeanRenovationWave strategy promotes the
deep renovation of 35 million of existing buildings, roughly corresponding to 65%
of the existing residential buildings built before 1970 in Europe [3, 4]. A high rate of
deep renovations should be maintained over time to achieve zero net greenhouse gas
emissions by 2050 [5]. In Flanders, the Renovation Wave strategy is implemented
through the “Renovation pact” (Renovatiepact), which aims to renovate 90% of the
existing residential buildings upgrading the energy performance certificate (EPC) to
the highest class (i.e., “A” class) by 2050 [6]. Renovation rates and energy perfor-
mance in the social housing sector have been higher than the private sector in the past
15–20 years in Europe [7]. Still, a significant renovation effort is required. At the
current pace, achieving operational and embodied energy performance and overall
sustainability targets by 2050 seems difficult [8–10].

Urban renovation is a complex process that involves multiple stakeholders,
including local communities, designers, developers, community organizations and
residents [11–13]. The complexity of urban renovation arises from the fact that it
involves a wide range of challenges and considerations, including social, economic,
environmental and cultural factors. To effectively address the challenges of urban
renovation, a system thinking approach is necessary [14, 15]. This involves under-
standing the complex and dynamic relations between different elements and devel-
oping interventions that address the root causes of urban problems rather than just
the symptoms.

Urban renovation projects need a more unified circular approach for and with a
diversity of target groups, from the most vulnerable to the strongest shoulders. This
ambition is accompanied by the following barriers and challenges [16]:

• Urban/spatial:Urban regeneration is a multi-stakeholder event and is moving too
slowly. Cities lack the knowledge to overcome the existing barriers in applying
circular solutions in collective approaches of urban renovation projects. The ques-
tion arises how circularity can be structurally embedded in processes of municipal
renovation projects, ranging from neighborhood selection to realization. Here, the
actors on the ground with impact (the social housing companies and cities) are
crucial.

• Ecological: The ambitions to reduce the environmental impact by reducing the
operational energy (EPC-A 2050) and the embodied energy in buildings are still
far to be met. Long payback periods and short-term vision in approaching energy
upgrading of the building stock are detrimental to progress on circularity. The
reuse potentialmust bemade available in a low-thresholdmanner, both for existing
housing—to be replaced or renovated—and for new housing to be built [17]. This
reuse potential affects the consideration whether it is responsible to demolish
and replace an existing building or whether it is responsible to preserve and
renovate it. The consideration is guided by widespread methodologies (e.g., life
cycle assessment, LCA) or tools (e.g., TOTEM [18], GRO [19], etc.) to increase
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understanding in the field. When a decision has been made, it should be clear
which circular solutions are most suitable for which situations and what financing
mechanisms are associated. There is a need to link demolition and reuse invento-
ries and to connect material passports to assemble and disassemble manuals and
demountability indexes.

• Socioeconomic: Circular solutions are rarely tackled in the context of affordable
and socially inclusive building and living. Moreover, gentrification occurs in most
urban renovation projects.

• Management. There are too little usable business models and codes of good prac-
tice available from building partners and clients. There is uncertainty regarding
the added value of circular interventions and limited digitization in the context of
urban mining. There is a need for an integrated approach to optimize the choice
between renovation or rebuilding (demolition and new construction). A bottom-
up approach with low-threshold tools from a co-creative collaboration should be
used for circular processes.

There is a lack of interaction between social housing companies and themarket.
Social housing companies are not familiar enough with the circular solutions
available. Furthermore, they have concerns about finding suitable matches for
procurement and the market’s capacity to meet their requirements. Conversely,
the market lacks sufficient understanding of the specific needs of social housing
companies.

• Financial: A whole range of top-down and bottom-up financial instruments
exists to make urban regeneration affordable [20, 21] such as district improve-
ment contracts [22], community land trust (CLT) [23], subsidy retention [24],
complementary local currencies [25], land value capture, ESCo (energy), CESCo
(circularity), WASCo (water), social impact bonds (SIB), philanthropy, crowd-
funding, etc. The potential in terms of complementarity between these different
instruments is underused. In practice, the combination of multiple solutions is
rather exceptional. In this regard, the possible financial potential regarding the
following business models remains underused: circular use of materials; product
as a service; extending lifespan; optimizing utilization by sharing ormaking better
use of surplus capacity; optimizing and exploiting residual value [20].

• Policy: Circularity is not yet fully integrated into the policies of commissioning
authorities involved in neighborhood renovation projects, particularly in the social
housing sector. However, governmental efforts are being made to incorporate
circular practices within the construction and social housing industry [26]. These
initiatives include providing guidance, creating platforms for circular products and
solutions and integrating circular construction as part of the “innovative projects”
call for the social housing sector in 2022, which will be repeated in 2023.
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35.2 The impaC3t Project

The impaC3t project was set up to integrate circular strategies in urban renovation
projects. The project was launched under a call by the FlemishAgency for Innovation
and Enterprise (VLAIO) concerning Living Labs in the Circular Economy [27]. The
impaC3t project supports the renovation of several building blocks in at least one
neighborhood in three different cities by using a collective approach.With these cases
of good practice, the impaC3t project aims to be a steppingstone for a broadened and
accelerated application of circular urban renovation.

The project consists of a collaboration between different stakeholders from
the Quintuple Helix model: (1) local government: the project works with the
cities of Bruges, Ghent, Landen and a number of social housing companies; (2)
construction-related companies including contractors of circular building models;
(3) civil society organizations active in circular economy and suppliers of C2Cmate-
rials; (4) academia and (5) financial sector with impact investors who can make a
substantial contribution to the cases.

The involvement of the social housing companies is crucial in this collabora-
tion. A renovation project in social housing can serve as a motivator for individuals
who own a home [28]. In other words, the renovation project presents an opportu-
nity to approach homeowners and invite them to consider participating in the urban
renovation process.

During the project period, a decision-making framework will be developed to
help the stakeholders with the challenges and research questions as mentioned in
the introduction. This framework will be further improved, deepened and dissemi-
nated after the project period by the cities and stakeholders involved by knowledge
community building.

In the longer term, the project aspires for municipal authorities and developers to
tackle neighborhoods on a larger scale in a circular and collective manner to achieve
the 2050 energy performance and material efficiency targets. In parallel, urban space
will be used more optimally through a long-term vision and, above all, a change-
oriented approach. Not only cities take the lead, but citizens are brought together to
take on an ambassadorial role (e.g., by optimizing procedures to meet challenges).
Affordable building and living for all is one of the central goals.

35.3 Complementarity

Several related or analogous projects were considered, including the VLAIO Living
Lab 2014–2018 projects on renovation [29], BE REEL! [30], Circu l′air (FCRBE)
[31], Reburg 2050 [32], Passive row house in the city by Pixii [33], etc.

In addition, the Living Lab capitalizes on the results achieved through the involve-
ment of impaC3t stakeholders in the following initiatives: the European Interreg 2
Seas project Circular Bio-based Construction Industry (CBCI) [34]; the Mobble, a
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modular 3D-building system constructed from bio-based materials [35]; the Flemish
Living Lab RenoseeC (VLAIO, delivered in 2018) [16] and the RenoseeC non-
profit organization [36]; the project Turnaround Money for sustainable financing
in housing, neighborhoods and cities [20, 21]; the “Preparation of a roadmap for
housing renovations in the private rental market” in the framework of VEKA’s BE
REEL project [30]; the “Parkgebouw Eiland Zwijnaarde” for appropriate procure-
ment procedures [37]; the large-scale energy renovation project “Energy Sprong
Wattrelos” [38].

In the next chapters, these initiatives are merged into a supporting ecosystem that
provides the methodology based on co-creation and collective renovation.

35.4 Methodology

The impaC3t project aims to:

(1) connect to existing, initiated processes of collective urban renovation and to
broaden and deepen their system boundaries and thus,

(2) promote the start-up of new processes of collective urban renovation and
subsequently upscale these processes in the same and other cities.

To achieve the project results, the case studies are developed as starting points for
transition paths in the cities of Bruges, Ghent and Landen. In each case, circularity
is pursued in all steps of the process (from district selection to quality control after
the execution), and at all levels (from building component to urban scale). ImpaC3t
integrates circular economy expertise on design, building application, tendering,
financing, execution, deployment of human workforce and end-of-life cycle in a
modular way in the respective steps of collective renovation projects.

In the following sections, we describe the process-based approach adopted in the
project, as well as the main steps of the projects, including the SWOT analysis, the
selection of the case studies, the Living Lab and the impact assessment.

35.4.1 Process-Based Approach

The impaC3t project will follow a process-based approach (Fig. 35.1) that will be
modular, context-specific, flexible and adaptable, multi-purpose, co-creative and
temporal. Complementarity will always be sought with existing processes, the urban
context, the financial and legal frameworks and incentives and the potential of local
stakeholders.

As clearly shown in Fig. 35.1, the process is composed of five steps, namely A,
B1-2-3, and C. The following principles guide this approach:
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Fig. 35.1 Process approach of the impaC3t Living Lab

• Procedural: The circular solutions aim to tie in with various steps in existing
urban renovation processes.

• Modular: Modules are preferably combined but can be used separately in existing
processes: circular design module, circular building application module, circular
tendering module, circular financing module, circular execution module, circular
use of human resources module, circular management module and end-of-life
cycle module.

• Contextual: The local situation determines the processes and solutions devel-
oped. Ghent has large industrial complexes in its 19th-century belt. Bruges is on
the UNESCO World Heritage List. This will be very decisive for the choice of
technical solutions (interior insulation, etc.) and certain functions can be included
in renovation processes (e.g., hotel infrastructure for tourism). Interventions are
defined according to projects that are already in a phase of implementation (e.g.,
heat networks, mobility plans, etc.).

• Flexible and adaptable:
• Multi-deployability: Circular solutions have to be multi-deployable, both in terms

of use (multi-functional) and target groups (social).
• Co-creative: The involvement of different actors from the quintuple helix is

important during the different process steps.
• Temporal: The potential of temporary occupation is considered and encouraged.

For this, impaC3t takes inspiration from the temporary occupation of vacant social
housing and the application of temporary occupation of brownfields.

• Complementarity: There has to be complementarity with the (1) expertise from
other already completed, successful projects (CBCI, Mobble, RenoseeC, etc.)
and processes, with (2) financial and legal frameworks and incentives and (3)
approaches proposed by local authorities.
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Fig. 35.2 Defining the
system boundaries of the
cases [39]

35.4.2 SWOT Analysis

Each stakeholder acts within a specific context and has specific qualities. A SWOT
analysis is performed to get to know the different organizations, their potential
regarding circular economy and their position in the project [39].

This analysis, on the one hand, considers the strengths and weaknesses of each
organization regarding the circular economy. On the other hand, the opportunities
and threats linked to the policy and themarket in Flanders and in thewider areas of the
considered cities of Bruges, Ghent and Landen are mapped out. This SWOT analysis
is performed at technical, spatial, policy, process, business and financial level. The
goal is to confront the information from the SWOT analysis of the various partners
and to determine common ground by using a confrontation matrix. Starting from the
technical and spatial aspects, operational goals are set out for the project (Fig. 35.2).
Elements from the other levels will be selected in five different thematic groups
(Fig. 35.3) to set operational goals during the project and to increase feasibility.

35.4.3 Selection of the Case Studies

The social housing companies of Bruges, Ghent and Landen, respectively, Vivendo
[40], Thuispunt Gent [41] and Cnuz [42] are bringing various actors around the table
to initiate an integrated approach to circular building andhousing. In theirmultiannual
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Fig. 35.3 Project architecture

program, the housing companies foresee renovation and renewal projects on a lot of
their patrimony. They envisage measures aimed at improving energy performance
and quality of living.

The case studies are set up around one or more levers, with the intention
of strengthening existing circular processes and possibly initiating new circular
processes. We let the lever act as a catalyzer (Fig. 35.2) [43]. The levers can boost the
urban renovation project. In reverse, the urban renovation project can also stimulate
the initial levers. A cross-reaction exists between the cases and the levers; they can
affect each other.

35.4.4 Living Lab

To manage the project, and the various cases, the Living Lab is organized around a
back office (with steering committee) and several front offices (Fig. 35.3).

For each case study, a front office has been created. The front offices capitalize the
knowledge retrieved from application and practice. The back office is responsible for
supporting the key actors of the case studies and for developing and validating the
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decision-making framework for circular urban renovation. The cooperation between
these offices ensures the continuous exchange between the cases and the consor-
tium’s knowledge pool, needed for establishing the decision-making framework, the
final goal of the project. To facilitate this cooperation, six co-creation workshops
(Fig. 35.1) and multiple thematic groups are established as crucial key moments of
cross-fertilization. In addition, inspirational visits to the different cases, companies
and other projects will be organized by the back office.

35.4.5 Impact Assessment

The six co-creationworkshops (Fig. 35.1) play a central role inmonitoring the results
of impaC3t. The circular strategies and solutions adopted in each case study are
evaluated at each co-creation workshop in the respective phases of the process-based
approach (A, B1, B2, B3 and C). The project strives for sustainability at various
levels: the product level, the company level and the finance level [44]. Therefore
these levels will also be integrated in the impact analysis.

At a product level a life cycle sustainability assessment (LCSA) will be carried
out according to Kloepffer [45] combining environmental LCA (eLCA), social LCA
(sLCA) and lifecycle costing (LCC). The company’s sustainability will be founded
on theCorporate SustainabilityReportingDirective, CSRD [46], the financial aspects
on the environmental, social and governance and ESG framework [47].

As part of the system approach and catalytic nature of the project, the results will
focus on

(1) Quantitative indicators, such as the percentage of upgraded buildings in a neigh-
borhood or city or the rate of renovation. The long-term ambition of the project
is to increase the impact of the BENOvation process in Flanders. BENOvation
stands for “better renovation”, with higher ambitions in terms of energy perfor-
mance and with the various renovation steps in the most logical order [48].
The ambition is to ensure that by 2050 every existing house will be as energy
efficient as a new house built today.

(2) Qualitative indicators identified based on the policies and agendas of the actors,
including the local authorities, organizations and services of the case studies
involved during the co-creative process. With observing partners, we will
explore how stakeholders can contribute to change in their further functioning.
Dissemination does not start at the end of the Living Lab, but at the start of it:
looking for overlapping agendas and making visible how the project/result also
contributes to the own agenda (of policy, other actors, etc.).
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Fig. 35.4 Theory of change of impaC3t

35.5 Results and Discussion

35.5.1 Theory of Change (ToC)

A theory of change (ToC) (Fig. 35.4) has been developed in consultation with the
partners during the project application. ThisToCacts as an instrument to the planning,
implementing and evaluating of the transition paths of the Living Lab.

35.5.2 Operational Goals

Based on the input from each partner’s SWOT analysis (as described in Sect. 35.2),
a total of five spatial and seven technical operational goals have been established.

The spatial operational goals include: (1) densification without the need for new
or additional space, (2) exploiting the potential of temporary infill strategies, (3)
incorporating new typological solutions from the market into innovative housing
concepts of the housing companies, (4) promoting wider awareness of change-
oriented building practices and (5) widely applying customized industrializable
individual solutions.

The technical operational goals are as follows: (1) implementing the R-ladder
methodology to reduce environmental impact, (2) designing public and private build-
ings to be demountable, modular, bio-ecological and aligned with their life cycle,
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while emphasizing industrial manufacturing, (3) maximizing efforts to address the
challenges posed by the current energy crisis, (4) including indirect CO2 emissions
from the production phase in impact assessment, (5) utilizing digital environments for
effective maintenance during the usage phase, (6) employing materials passports as a
tool for maintenance and (7) promoting knowledge sharing on the circular economy
among consortium partners.

It should be noted that not all operational goals will be pursued in each case, as
the selection of goals will be determined at a later stage based on specific project
requirements and considerations.

35.5.3 Selection of the Cases

In collaboration with the cities and social housing companies, a specific district was
identified as a priority case for each city (Fig. 35.3). Additionally, in the cities of
Bruges and Ghent, secondary cases were selected for further consideration. The
different cases cover the five steps of the process approach of urban renovation
(Fig. 35.1). Each case operates at different scale levels, from urban planning to
building component level.

In Bruges, an existing heat network will be expanded in a neighborhood where the
social housing companywishes to carry out an energetic renovation of 71 apartments.
This expansion will be used as a lever to encourage (private) building owners in the
district—besides connecting to the heat network—to strive for (total) renovations.
In this district, a study to establish a climate district has also been initiated.

In Ghent, major neighborhood developments and ongoing urban studies in a
district with mainly social houses will be used as a lever for carrying out renovations
of (social) housing. The potential for prefabricated renovations will be explored,
combined with utilizing vacant buildings for circular temporary occupation.

In Landen, a feasibility study for a heat network is initiated in a neighborhood
with mainly social houses and apartment buildings. This study will be used as a lever
for the social housing company to develop renovation projects. The private owners
in the neighborhood will be encouraged to participate in the renovation project.

35.6 Conclusions

The Living Lab focuses on the circular value chain in construction. A collaboration
between different stakeholders from the Quintuple Helix model has been set up
to contribute to the upgrading of the obsolete building stock in the ecosystem of
urbanized 19th- and 20th-century areas and city neighborhoods. The project will
develop a decision-making framework for adopting circular solutions in collective
renovations. It will do so through co-creation with the relevant stakeholders. The
decision-making framework will be a tool that continues to live and grow beyond the
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project period,with continuous improvement and deepening facilitated byknowledge
community building of which the co-creation workshops during the project phase
will be the prelude.
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